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SCHEMATIC SYMBOLS USED IN CIRCUIT DIAGRAMS 

ANTENNA GROUND 

1 1 
T T 

FIXED CONDENSER 
(See Footnote 1) 

B. 
VARIABLE OR ADJUSTABLE 

CONDENSER 

A- Single- section 
B- Split- stator 

(See footnote 2) 

A. E B. C. 
AIR- CORE INDUCTOR 

A- Fixed coil or rf choke 
B- Coil with fixed tap 
C- Coil with variable tap 
(Small circles indicate plug-one 
jack or bindinfpost terminals') 

—10 0 0 0 0 = 

IRON-CORE INDUCTOR 
OR CHOKE 

A-AIR-CORE TRANSFORMER 
OR INDUCTIVELY-COUPLED COILS 
(Arrow used only if coupling 
is variable) 

B- LINK-COUPLED COILS 

IRON-CORE TRANSFORMERS 
A- Laminated core 
5-Powdered-iron core 
(Arrows in‘iicate variable 
core orpernicability tuning) 

FIXED RESISTOR 

— were— 
VARIABLE RESISTOR, 

POTENTIOMETER, VOLTAGE 
DIVIDER, RHEOSTAT, ETC. 

WIRING-DIAGRAM DEVICES 
A- Wires connected 
B- Wires not connected 

CD<DC>0 
TWISTED- PAIR CABLE 

COAXIAL CABLE 

s 

SHIELDED WIRE OR CABLE 

SHIELDING 

FARADAY SHIELD 

iii 
TERMINALS 

with appropriate labels 

)) "! 
AI BI Ci1 Di  

SWITCHES 
A- S.PS.T. C- D.P.S.T. 
B- SP D. T. D-Rotarybluttipoint 

KEY JACK 

 I=D 
PLUG 

POWER PLUGS 
Non polarized 
Polarized 

0 
Nonpola rizea' and polarized 

power receptacles 

FUSE 

E 
MICROPHONES 

A-Single-button D- 00/mitt 
B-Double-button E- Velocity 
C- Condenser F- Crystal 

Double Single 

HEADPHONES 

LOUDSPEAKER 

BUZZER 

RELAYS 
A- Normally- open 
5-Normally- closed 

A 

VIBRATORS 
A- Non rectifying 
B-Selh-ectifying 

METER 

(with*. proper 
iaentification-vNA,etc) 

MOTOR 

=1111111F± — BATTERY SINGLE SINGLE CELL 

RECTIFIER 
(Usually dry-disk) 

Plaie 

Filament 
DIODE VACUUM TUBE 

Plate 

Grid 

Filament 
TRIODE VACUUM TUBE 

G3 

GT 

Cad:ode-. 

MULTIGRID VACUUM TUBE 
The ands are usually 
numbered, G, being that 
closest to the cathode 

Plate 

G4 

62 

FILAMENT CATHODE 
OR HEATER 

Y 
PHOTOELECTRIC COLD 

CATHODE CATHODE 

GRID 
(Also beam-confirm:1 PLATE 
or beam-forming " 

electrode) 

DIODE 
PLATE 

.L 
—= 

ANODES 

ELECTRON- RAY CATHODE-RAY 
TUBE TARGET TUBE DEFLECTING 

ANODES PLATES 

TV LAMPS 
A- Panel or dial 
F3- Illuminating 

NEON BULB orVOLTAGE REGULATOR 
(VR) TUBE 

•(dot) A 3:1CRYSTALS B 
INDICATES GASEOUS TUBE A- Piezoelectric 

B- Detector 

1 Where it is necessary or de,irable to identify the electrode,. the curved element represents the outside electrode 
(marked -outside foil,- -ground,- etc.) in fixed papers and cerainicsdielectric condensers, and the negatire electrode 
in electrolytic condensers. 

2 n the .modern symbol, the curved line indicates the moving element (rotor plates) in variable and adjustable air. 
or mica-dielectrie c;andensers. 

in the case of switches, jacks, relays, etc., only the basic combinations are shown. Any combination of these sym-
bols may he assembled as required, following the elementary forms shown. 
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Foreword 
In twenty-eight years of continuous publication The Radio Amateur's 

Handbook has become as much of an institution as amateur radio itself. 
Produced by the amateur's own organization, the American Radio Relay 
League, and written with the needs of the practical amateur constantly in 
mind, it has earned universal acceptance not only by amateurs but by all 
segments of the technical radio world, from students to engineers, service-
men to operators. This wide dependence on the Handbook is founded on its 
practical utility, its treatment of radio communication problems in terms 
of how-to-do-it rather than by abstract discussion and abstruse formulas. 
But there is another factor as well: dealing with a fast-moving and pro-

gressive science, sweeping and virtually continuous modification has been 
a feature of the Handbook — always with the objective of presenting the 
soundest and best aspects of current practice rather than the merely new 
and novel. Its annual rewriting is a major task of the headquarters group 
of the League, participated in by skilled and experienced amateurs well 
acquainted with the practical problems in the art. 

In contrast to most publications of a comparable nature, the Handbook 
is printed in the format of the League's monthly magazine, QST. This, 
together with extensive and usefully-appropriate catalog advertising by 
manufacturers producing equipment for the radio amateur and industry, 
makes it possible to distribute for a very modest charge a work which in 
volume of subject matter and profusion of illustration surpasses most 
available radio texts selling for several times its price. 

This thirty-first edition takes note of the changes in technical practice 
that have occurred in the past year. A considerable amount of new equip-
ment in all categories appears throughout the book. The chapter on high-
frequency transmitters includes new units for the Novice as well as more 
elaborate units for the accomplished amateur. Continuing the trend of 
recent years, all transmitting equipment has been designed with the reduc-
tion of harmonics in the telecasting bands as a primary feature. The chapter 
on v.h.f. receivers has been extensively redone, making use of the newest 
circuits and tubes. And the always informative data chapter on vacuum 
tubes and semiconductors has been expanded to include over 150 new tube 
types plus transistors. 
The Handbook has long been considered an indispensable part of the 

amateur's equipment. We earnestly hope that the present edition will 
succeed in bringing as much assistance and inspiration to amateurs and 
would-be amateurs as have its predecessors. 

A. L. BUDLONG 
General Manager, A.R.R.L. 

West Hartford, Conn. 
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THE 

AMATEUR'S 

CODE 

• ONE • 

The Amateur is Gentlemanly... He never knowingly 
uses the air for his own amusement in such a way as to lessen 
the pleasure of others. He abides by the pledges given by 
the ARRL in his behalf to the public and the Government. 

• TWO • 

The Amateur is Loyal. . . He owes his amateur radio to 
the American Radio Relay League, and he offers it his 
unswerving loyalty. 

• THREE • 

The Amateur is Progressive ... He keeps his station 
abreast of science. It is built well and efficiently. His oper-
ating practice is clean and regular. 

• FOUR • 

The Amateur is Friendly . . . Slow and patient sending 
when requested, friendly advice and counsel to the be-
ginner, kindly assistance and cooperation for the broad-
cast listener; these are marks of the amateur spirit. 

• FIVE • 

The Amateur is Balanced ... Radio is his hobby. He 
never allows it to interfere with any of the duties he owes 
to his home, his job, his school, or his community. 

• SIX • 

The Amateur is Patriotic . . . His knowledge and his sta-
tion are always ready for the service of his country and 
his community. 

— Paul M. Segal 



CHAPTER 1 

Amateur Radio 

Amateur radio is a scientific hobby, a means 
of gaining personal skill in the fascinating art 
of electronics and an opportunity to com-
municate with fellow citizens by private short-
wave radio. Scattered over the globe are more 
than 150,000 amateur radio operators who per-
form a service defined in international law as one 
of " self-training, intercommunication and techni-
cal investigations carried on by . . . duly author-
ized persons interested in radio technique solely 
with a personal aim and without pecuniary 
interest." 
From a humble beginning at the turn of the 

century, amateur radio has grown to become 
an established institution. Today the Amer--
van followers of amateur radio number over 
100,000, trained communicators from whose 
ranks will come the professional communica-
tions specialists and executives of tomorrow — 
just as many of today's radio leaders were first 
attracted to radio by their early interest in 
amateur radio communication. A powerful 
and prosperous organization now provides a 
bond bet ween amateurs and protects their 
interest s; an internationally-respected maga-
zine is published solely for their benefit. The 
Army and Navy seek the cooperation of the 
amateur in developing communications re-
serves. Amateur radio supports a manufactur-
ing industry which, by the very demands of 
amateurs for the latest and best equipment, 
is always up-to-date in its designs and pro-
duction techniques — in itself a national 
asset. Amateurs have won the gratitude of 
the nation for their heroic performances in 
times of natural disaster. Through their or-
ganization, amateurs have coOperative work-
ing agreements with such agencies as the 
United Nations and the lied Cross. Amateur 
radio is, indeed, a magnificently useful in-
stitution. 

Although as old as the art of radio itself, 
amateur radio did not always enjoy such 
prestige. Its first enthusiasts were private 
citizens of an experimental t urn of mind whose 
imaginations went wild when Marconi first 
proved that messages actually could be sent 
by wireless. They set about learning enough 
about the new scientific marvel to build home-
made stations. By 1912 there were numerous 
Government and commercial stations, and 
hundreds of amateurs; regulation was needed, 
so laws, licenses and wavelength specifications 
for the various services appeared. There was 
then no amateur organization nor spokesman. 

The official viewpoint toward amateurs was 
something like this: 

"Amateurs? . . . Oh, yes. . . . Well, stick 
'em on 200 meters and below; they'll never 
get out of their backyards with that." 

But as the years rolled on, amateurs found 
out how, and DX (distance) jumped from local 
to 500-mile and even occasional 1,000-mile two-
way contacts. Because all long-distance mes-
sages had to be relayed, relaying developed into 
a fine art — an ability that was to prove in-
valuable when the Government suddenly called 
hundreds of skilled amateurs into war service 
in 1917. Meanwhile U. S. amateurs began to 
wonder if there were amateurs in other coun-
tries across the seas and if, some day, we might 
not span the Atlantic on 200 meters. 

Most important of all, this period witnessed 
the birth of the American Radio Relay League, 
the amateur radio organization whose name 
was to be virtually synonymous with subse-
quent amateur progress and short-wave de-
velopment. Conceived and formed by the 
famous inventor, the late Hiram Percy Maxim, 
ARRL was formally launched in early 1914. It 
had just begun to exert its full force in amateur 
activities when the United States declared war 
in 1917, and by that act sounded the knell for 
amateur radio for the next two and a half 
years. There were then over 6000 amateurs. 
Over 4000 of them served in the armed forces 
during that war. 

Today, few amateurs realize that World 

HIRAM PERCY MAXIM 
President ARRL, 1914-1936 

9 



10 
War I not only marked the close of the first 
phase of amateur development but came very 
near marking its end for all time. The fate of 
amateur radio was in the balance in the days 
immediately following the signing of the Armi-
stice. The Government, having had a taste of 
supreme authority over communications in 
wartime, was more than half inclined to keep 
it. The war had not been ended a month before 
Congress was considering legislation that would 
have made it impossible for the amateur radio 
of old ever to be resumed. ARRL's President 
Maxim rushed to Washington, pleaded, ar-
gued, and the bill was defeated. But there was 
still no amateur radio: the war ban continued. 
Repeated representations to Washington met 
only with silence. The League's oflices had 
been closed for a year and a half, its rec-
ords stored away. Most of the former amateurs 
had gone into service; many of them would 
never come back. Would those returning be 
interested in such things as amateur radio? 
Mr. Maxim, determined to find out, called a 
meeting of the old Board of Directors. The 
situation was discouraging: amateur radio still 
banned by law, former members scattered, no 
organization, no membership, no funds. But 
those few determined men financed the pub-
lication of a notice to all the former amateurs 
that could be located, hired Kenneth B. 
Warner as the League's first paid secretary, 
floated a bond issue among old League mem-
bers to obtain money for imniediate running 
expenses, bought the magazine QS7' to be the 
League's official organ, started activities, and 
dunned officialdom until the wartime ban was 
lifted and amateur radio resumed again, on 
October 1, 1919. There was a headlong rush 
by amateurs to get back on the air. Gang-
way for King Spark! Manufacturers were hard 
put to supply radio apparatus fast enough. 
Each night saw additional dozens of stations 
crashing out over the air. Interference? It was 

bedlam! 
But it was an era of progress. Wartime needs 

had stimulated technical development. Vac-
uum tubes were being used both for receiving 
and transmitting. Amateurs immediately 
adapted the new gear to 200-meter work. 
Ranges promptly increased and it became 
possible to bridge the continent with but one 
intermediate relay. 

• TRANS-ATLANTICS 
As DX became 1000, then 1500 and then 

2000 miles, amateurs began to dream of trans-
Atlantic work. Could they get across? In 
December, 1921, ARRL sent abroad an expert 
amateur, Paul F. Godley, 2ZE, with the best 
receiving equipment available. Tests were run, 
and thirty American stations were heard in 
Europe. In 1922 another trans-Atlantic test 
was carried out and 315 American calls were 
logged by European amateurs and one French 
and two British stations were heard on this 

side. 

CHAPTER 1 

Everything now was centered on one objec-
tive: two-way amateur communication across 
the Atlantic! It must be possible — but some-
how it couldn't quite be done. More power? 
Many already were using the legal maximum. 
Better receivers? They had superheterodynes. 
Another wavelength? What about those un-
disturbed wavelengths below 200 meters? The 
engineering world thought they were worth-
less — but they liad said that about 200 met-
ers. So, in 1922, tests between Hartford and 
Boston were made on 130 meters with encour-
aging results. Early in 1923, ARRL-sponsored 
tests on wavelengths down to 90 meters were 
successful. Reports indicated that as the wave-
length dropped the results were better. A growing 
excitement began to spread through amateur 

ranks. 
Finally, in November, 1923, after some 

months of careful preparation, two-way ama-
teur trans-Atlantic communication was accom-
plished, when Schnell, IMO, and Reinartz, 
1 X A M ( now W9UZ and K6BJ, respec-
tively) worked for several hours with Deloy, 
8AB, in France, with all three stations on 110 
meters! Additional stations dropped down to 
100 meters and found that they, too, could 
easily work two-way across the Atlantic. The 
exodus from the 200-meter region had started. 
The " short-wave" era had begun! 
By 1924 dozens of commercial companies 

had rushed stations into the 100-meter region. 
Chaos threatened, until the first of a series of 
national and international radio conferences 
partitioned off various bands of frequencies 
for the different services. Although thought 
still centered around 100 meters, League offi-
cials at the first of these frequency-determining 
conferences, in 1924, wisely obtained amateur 
bands not only at 80 meters but at 40, 20, and 
even 5 meters. 

Eighty meters proved so successful that 
"forty" was given a try, and QS0s with Aus-
tralia, New Zealand and South Africa soon 
became commonplace. Then how about 20 me-
ters? This new band revealed entirely unex-
pected possibilities when IXAM worked 6TS 
on the West Coast, direct, at high noon. The 
dream of amateur radio — daylight DX! — 
was finally true. 

• PUBLIC SERVICE 
Amateur radio is a grand and glorious 

hobby but this fact alone would hardly merit 
such wholehearted support as is given it by 
our Government at international conferences. 
There are other reasons. One of these is a thor-
ough appreciation by the Army and Navy of 
the value of the amateur as a source of skilled 
radio personnel in time of war. Another asset 
is best described as " public service." 
About 4000 amateurs had contributed their 

skill and ability in ' 17-'18. After the war it was 
only natural that cordial relations should pre-
vail between the Army and Navy and the ama-
teur. These relations strengthened in the next 
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few years and, in gradual steps, grew into co-
operative activities which resulted, in 1925, in 
the establishment of the Naval Communica-
tions Reserve and the Army-Amateur Radio 
System (now the Military Affiliate Radio 
System). In World War II thousands of ama-
teurs in the Naval Reserve were called to ac-
tive duty, where they served with distinction, 
while many other thousands served in the 
Army, Air Forces, Coast Guard and Marine 
Corps. Altogether, more than 25,000 radio 
amateurs served in the armed forces of the 
United States. Other thousands were engaged 
in vital civilian electronic research, develop-
ment and manufacturing. They also organized 
and manned the War Emergency Radio Serv-
ice, the communications section of OCD. 

The " public-service" record of the amateur 
is a brilliant tribute to his work. These activi-
ties can be roughly divided into two classes, 
expeditions and emergencies. Amateur co-
operation with expeditions began in 1923 when 
a League member, Don Mix, ITS, of Bristol, 
Conn. ( now assistant technical editor of QST), 
accompanied MacMillan to the Arctic on the 
schooner Bowdoin with an amateur station. 
Amateurs in Canada and the U.S. provided the 
home contacts. The success of this venture was 
such that other explorers followed suit. During 
subsequent years a total of perhaps two hun-
dred voyages and expeditions were assisted by 
amateur radio, and for many years no expedi-
tion has taken the field without such plans. 

Since 1913 amateur radio has been the prin-
cipal, and in many cases the only, means of 
outside communication in several hundred 
storm, flood and earthquake emergencies in 
this country. The 1936 eastern states flood, the 
1937 Ohio River Valley flood, the Southern 
California flood and Long Island-New England 
hurricane disaster in 1938, and the Florida-
Gulf Coast hurricanes of 1947 called for 
the amateur's greatest emergency effort. In 
these disasters and many others — tornadoes, 
sleet storms, forest fires, blizzards — amateurs 
played a major rôle in the relief work and 
earned wide commendation for their resource-
fulness in effecting communication where all 
other means had failed. During 1938 ARRL 
inaugurated a new emergency-preparedness 
program, registering personnel and equipment 
in its Emergency Corps and putting into ef-
fect a comprehensive program of coôperation 
with the Red Cross, and in 1947 a National 
Emergency Coordinator was appointed to 
full-time duty at League headquarters. 
The amateur's outstanding record of organized 

preparation for emergency communications and 
performance under fire has been largely respon-
sible for the decision of the Federal Government 
to set up special regulations and set aside special 
frequencies for use by amateurs in providing 
auxiliary communications for civil defense pur-
poses in the event of war. Under the banner, 
"Radio Amateur Civil Emergency Service," ama-
teurs are setting up and manning community and 

area networks integrated with civil defense func-
tions of the municipal governments. Should a war 
cause the shut-down of routine amateur activi-
ties, the RACES will be immediately available in 
the national defense. 

• TECHNICAL DEVELOPMENTS 

Throughout ti.. ) many years the amateur 
was careful not to slight experimental develop-
ment in the enthusiasm incident to interna-
tional DX. The experimenter was constantly 
at work on ever-higher frequencies, devising 
improved apparatus, and learning how to 
cram several stations where previously there 
was room for only one! In particular, the ama-
teur pressed on to the development of the very 
high frequencies and his experience with five 
meters is especially representative of his in-
itiative and resourcefulness and his ability to 
make the most of what is at hand. In 1924, first 
amateur experiments in the vicinity of 56 Mc. 
indicated that band to be practically worth-
less for DX. Nonetheless, great " short-haul" 
activity eventually came about in the band 
and new gear was developed to meet its special 
problems. Beginning in 1934 a series of inves-
tigations by the brilliant experimenter, Ross 
Hull ( later QST's editor), developed the theory 
of v.h.f. wave-bending in the lower atmos-
phere and led amateurs to the attainment of 
better distances; while occasional manifesta-
tions of ionospheric propagation, with still 
greater distances, gave the band uniquely er-
ratic performance. By Pearl Harbor thousands 
of amateurs were spending much of their time 
on this and the next higher band, many having 
worked hundreds of stations at distances up to 
several thousand miles. Transcontinental 6-
meter DX is now a commonplace occurrence; 
even the oceans have been bridged! It is a 
tribute to these indefatigable amateurs that 
today's concept of v.h.f. propagation was de-
veloped largely through amateur research. 
The amateur is constantly in the forefront of 

technical progress. His incessant curiosity, his 
eagerness to try anything new, are two reasons. 
Another is that ever-growing amateur radio 
continually overcrowds its frequency assign-
ments, spurring amateurs to the development 
and adoption of new techniques to permit the 

A aorner of the ARRL laboratory. 
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accommodation of more stations. For ex-
amplue, amateurs turned from spark to c.w., 
designed more selective receivers, adopted 
crystal control and pure d.c. power supplies. 
From the ARRL's own laboratory in 1932 
came James Lamb's " single-signal" super-
heterodyne — the world's most advanced 
high-frequency radiotelegraph receiver — 
and, in 1936, the " noise-silencer" circuit. 
Amateurs are now turning to speech " clip-
pers" to reduce bandwidths of ' phone trans-
missions and " single-sideband suppressed-car-
rier" systems as %veil as even more selectivity 
in receiving equipment for greater effieienry 
in spectrum use. 

During World War II, thousands of skilled 
amateurs contributed their knowledge to the 
development of secret radio devices, both in 
Government and private laboratories. Equally 
as important, the prewar technical progress by 
amateurs provided the keystone for the de-
velopment of modern military communications 
equipment. Perhaps more important today 
than individual contributions to the art is the 
mass cooperation of the amateur body in 
Government projects such as propagation 
studies; each participating station is in reality 
a separate field laboratory from which re-
ports are made for correlation and analysis. 
Emergency relief, expedition contact, ex-

perimental work and countless instances of 
other forms of public service — rendered, as 
they always have been and always will be, 
without hope or expectation of material re-
ward — made amateur radio an integral part 
of our peacetime national life. The importance 
of amateur participation in the armed forces 
and in other aspects of national defense have 
emphasized more strongly than ever that ama-
teur radio is vital to our national existence. 

• THE AMERICAN RADIO RELAY 
LEAGUE 

The ARRL is today not only the spokesman 
for amateur radio in this country but it is the 
largest amateur organization in the world. It is 
strictly of, by and for amateurs, is noncom-
mercial and has no stockholders. The members 
of the League are the owners of the ARRL and 
QS7'. 
The League is pledged to promote interest in 

two-way amateur communication and experi-
mentation. It is interested in the relaying of 
messages by amateur radio. It is concerned with 
the advancement,of the radio art. It stands for 
the maintenance of fraternalism and a high 
standard of conduct. It represents the amateur 
in legislative matters. 
One of the League's principal purposes is to 

keep amateur activities so well conducted that 
the amateur will continue to justify his ex-
istence. Amateur radio offers its followers 
countless pleasures and unending satisfaction. 
It also calls for the shouldering of responsi-
bilities — the maintenance of high standards, 

CHAPTER 1 

The operating room at WI AW. 

a coOperative loyalty to the traditions of 
amateur radio, a dedication to its ideals and 
principles, so that the institution of amateur 
radio may continue to operate " in the public 
interest, convenience and necessity." 
The operating territory of ARRL is divided 

into one Canadian and fifteen U. S. divisions. 
The affairs of the League are managed by a 
Board of Directors. One director is elected 
every two years by the membership of each 
U. S. division, and one by the Canadian member-
ship. These directors then choose the president 
and vice-president, who are also members of the 
Board. The secretary and treasurer are also ap-
pointed by the Board. The directors, as represen-
tatives of the amateurs in their divisions, meet 
annually to examine current amateur problems 
and formulate ARRL policies thereon. The di-
rectors appoint a general manager to supervise 
the operations of the League and its headquarters, 
and to carry out the policies and instructions of 
the Board. 
ARRL owns and publishes the monthly 

magazine, QST. Acting as a bulletin of the 
League's organized activities, QST also serves 
as a medium for the exchange of ideas and fos-
ters amateur spirit. Its technical articles are 
renowned. It has grown to be the " amateur's 
bible," as well as one of the foremost radio 
magazines in the world. Membership dues in-
clude a subscription to QST. 
ARRL maintains a model headquarters 

amateur station, known as the Hiram Percy 
Maxim Memorial Station, in Newington, 
Conn. Its call is W1AW, the call held by Mr. 
Maxim until his death and later transferred 
to the League station by a special FCC action. 
Separate transmitters of maximum legal power 
on each amateur band have permitted the 
station to be heard regularly all over the 
world. More important, W1AW transmits on 
regular schedules bulletins of general interest 
to amateurs, conducts code practice as a 
training feature, and engages in two-way work 
on all popular bands with as many amateurs 
as time permits. 

At the headquarters of the League in West 
Hartford, Conn., is a well-equipped laboratory 
to assist staff members in preparation of 
technical material for QS7' and the Radio 
Amateur's Handbook. Among its other ac-
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tivities, the League maintains a Communica-
tions Department concerned with the operat-
ing activities of League members. A large field 
organization is headed by a Section Communi-
cations Manager in each of the League's 
seventy-two sections. There are appointments 
for qualified members as Official Relay Station 
or Official ' Phone Station for traffic handling; 
as Official Observer for monitoring frequencies 
and the quality of signals; as Route Manager 
and ' Phone Activities Manager for the estab-
lishment of trunk lines and networks; as 
Emergency Coordinator for the promotion of 
amateur preparedness to cope with natural 
disasters; and as Official Experimental Station 
lot those pioneering the frequencies above 
b0 Mc. Mimeographed bulletins keep ap-
pointees informed of the latest developments. 
Special activities and contests promote oper-
ating skill. A special section is reserved each 
month in QST for amateur news from every 
section of the country. 

• AMATEUR LICENSING IN THE 
UNITED STATES 

Pursuant to the law, FCC has issued de-
tailed regulations for the amateur service. 
A radio amateur is a duly authorized person 

interested in radio technique solely with a per-
sonal aim and without pecuniary interest. Ama-
teur operator licenses are given to U. S. citi-
zens who pass an examination on operation 
and apparatus and on the provisions of law 
and regulations affecting amateurs, and who 
demonstrate ability to send and receive code. 
There are four available classes of amateur license 
— Novice, Technician, General (called " Condi-
tional" if exam taken by mail), and Amateur 
Extra Class. Each has different requirements, the 
first two being the simplest and consequently con-
veying limited privileges as to frequencies avail-
able. Examinations for all classes but the Ama-
teur Extra may be taken by mail where the appli-
cant lives further than a specified distance from 
the examining centers. Station licenses are granted 
only to licensed operators and permit communica-
tion between such stations for amateur purposes, 
i.e., for personal noncommercial aims flowing from 
an interest in radio technique. An amateur station 
may not be used for material compensation of any 
sort nor for broadcasting. Narrow bands of fre-
quencies are allocated exclusively for use by ama-
teur stations. Transmissions may be on any 
frequency within the assigned bands. All the 
frequencies may be used for c.w. telegraphy and 
some are available for radiotelephony by any 
amateur, while others are reserved for radiotele-
phone use by persons holding higher grades of 
license. The input to the final stage of ama-
teur stations is limited to 1000 watts and on 
frequencies below 144 Mc. must be adequately-
filtered direct current. Emissions must be free 
from spurious radiations. The licensee must 
provide for measurement of the transmitter 
frequency and establish a procedure for check-
ing it regularly. A complete log of station oper-

ation must be maintained, with specified data. 
The station license also authorizes the holder 
to operate portable and mobile stations subject 
to further regulations. An amateur station may be 
operated only by an amateur operator licensee, 
but any licensed amateur operator may operate 
any amateur station within the scope of privileges 
conveyed by the licenses. All radio licensees are 
subject to penalties for violation of regulations. 

Amateur licenses are issued entirely free of 
charge. They can be issued only to citizens but 
that is the only limitation, and they are given 
without regard to age or physical condition to 
anyone who successfully completes the exam-
ination. When you are able to copy code at the 
required speed, have studied basic transmitter 
theory and are familiar with the law and ama-
teur regulations, you are ready to give serious 
thought to securing the Government amateur 
licenses which are issued you, after examina-
tion at a local district office or examining 
points in most of our larger cities, through 
FCC at Washington. A complete up-to-the-
minute discussion of license requirements, and 
study guides for those preparing for thé exami-
nations, are to be found in an ARRL publication, 
The Radio Amateur's License Manual, available 
from the American Radio Relay League, West 
Hartford 7, Conn., for 500, postpaid. 

111 LEARNING THE CODE 
In starting to learn the code, you should 

consider it simply another means of conveying 

A didah N 

B dandididit 

C dandidandit 

D dandidit 

Edit 
F dididandit S 
G dandandit 

H didididit U 

I didit V 

J didandandah 
K dandidah X 

L didandidit Y 

M dandah 

1 didandandandah 6 

2 di-ciirtiandandah 7 
3 didididandah 8 

4 dididididah 9 

5 dididididit 

dahdit 
dahdahdah 

didahdahdit 
dahdah didah 

dicrahdit — 
dididit 
dah 

dididah 

didididah 
didahdah 

dahdididah 

dahdidahdah 
dahdahdidit 

dahdidididit 
dahdahdididit 

dahdahdahdidit 

dahdUdahdahdit 
dahdahdahdahdah — — 

Period: didandidandidah. Comma: dandah-
dididandah. Question mark: dididandandidit. 
Error : didididididididit. Double dash :dandididi-

dah. Wait: didandididit. End of message: 
didandidandit. Invitation to transmit: dandi-
dah. End of work: didididandidah. Fraction 

dandididandit. 

Fig. 1-1 — The Continental (International Morse) code. 
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information. The spoken word is one method, 
the printed page another, and typewriting and 
shorthand are additional examples. Learning 
the code is as easy — or as difficult — as 
learning to type. 
The important thing in beginning to study 

code is to think of it as a language of sonn,l, 
never as combinations of dots and dashes. It is 
easy to " speak" code equivalents by using 
"dit" and "dah," so that A would be " didah" 
(the " t" is dropped in such combinations). The 
sound " di" should be staccato; a code char-
acter such as " 5" should sound like a machine-
gun burst: dididididit! Stress each "dah" 
equally; they are underlined or italicized in 
this text because they should be slightly 
accented and drawn out. 
Take a few characters at a time. Learn them 

thoroughly in didah language before going 
on to new ones. If someone who is familiar 
with code can be found to " send" to you, 
either by whistling or by means of a buzzer 
or code oscillator, enlist his coiiperation. 
Learn the code by listening to it. Don't think 
about speed to start; the first requirement is 
to learn the characters to the point where 
you can recognize each of them without 
hesitation. Concentrate on any difficult letters. 
Learning the code is not at all hard; a simple 
booklet treating the subject in detail is another of 
the beginner publications available from the 
League, and is entitled, Learning the Radiotele-
graph Code, 25¢ postpaid. 

• THE AMATEUR BANDS 
Amateurs are assigned bands of frequencies 

at approximate octave intervals throughout 
the spectrum. Like assignments to all services, 
they are subject to modification to fit the 
changing picture of world comtnunications 
needs. Modifications of rules to provide for do-
mestic needs are also occasionally issued by FCC, 
and in that respect each amateur should keep 
himself informed by WIAW bulletins, QST re-
ports, or by communication with ARRL Hq. 
concerning a specific point. 

In the adjoining table is a summary of the 
U. S. amateur bands on which operation is per-
mitted as of our press date. Figures are mega-
cycles. AO means an unmodulated carrier, Al 
means c.w. telegraphy, A2 is tone-modulated c.w. 
telegraphy, A3 is amplitude-modulated 'phone, 
A4 is facsimile, AO is television, n.f.m. designa tes 
narrow-band frequency- or phase-mo lu :4 t vil ra-
diotelephony, and Lm. means frequeney modu-
lation, 'phone (including n.f.m.) or telegraphy, 
Fus frequency-shift keying. 

80 3.500-4.000 — A 1 
meters 3.500-3.800 — 1,1 

3.800-4.000 — A3 and n.f.m. 

7.000-7,300 — AI 
40 m. 7.000-7.200 — FI 

7.200-7.300 — A3 and niai,. 

14.000-14.350 — AI 
20 in. 14.000-14.200 — FI 

14.200-14.300 — AS and n.f.m. 
14.300-14.350 — Fi 

21.000-21.450 — Al 
15 na. 21.000-21.250 Fl 

21.250-21.450 — A3 and n.f.m. 

Il in. 26.960-27.230 — AS, Al , A2, AS, A4, Lin. 

28.000-29.700 — A I 
10 m. 28.500-29.700 — AS and niai'. 

29.000-29.700 — fin. 

6 in. 50-54 — Al, A2, A3, A4, n.f.m. 
52.5-54 — Lm. 

2 m. 144-148 1 
34 m. 220-225 f 

420-450, 1 
1,215-1,300 
2,300- 2,450 
3,300- 3,500 
5,650- 5,925 
10,000-10,500 
21.000-22,000 

All aboye 30,000 

AS, Al, A2, A3, A4, Lm. 

AS, Al, A2, A3, A4, A5, 
Lm. 

AS, Al, A2, A3, A4, AS. 
pulse 

Paak antenna power must not ^xceed .50 watts. 

In addition, Al and A3 on portions of 
1.800-2.000, as follows: 

Power (watt) 
Area Rand, ke. Day Night 

Minn., Iowa, Mo., Ark.. La. and 1900-1825 500 200 
states east, plus Puerto Rico and 1875-1900 
Virgin Ids. 
N. and S. Dak., Neb., Colo., N. 1900-1925 500 200• 
Mex., and states west, plus Ha- 1975-2000 
waiian Ida. 
Texas, Okla., Kansas 1800-1825 200 75 

1875-1900 

• Except in State of Washington where daytime power 
limited to 200 watts and nighttime power to 50 watts. 

Novice licensees may use the following 
frequencies, transmitters to be crystal-con-
trolled and have a maximum power input 
of 75 watts. 

3.700-3.750 Al 21.100-21.250 
7.175-7.200 A 1 145-147 

Al 
Al, A2, 
A3, Lm. 

Technician licensees are permitted all 
amateur privileges in the bands 220 Mc. 
and above. 
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Electrical Laws 

and Circuits 
• ELECTRIC AND MAGNETIC 

FIELDS 

When something occurs at one point in space 
because something else happened at another 
point, with no visible means by which the "cause" 
can be related to the "effect," we say the two 
events are connected by a field. The fields with 
which we are concerned are the electric and 
magnetic, and the combination of the two called 
the electromagnetic field. 
A field has two important properties, intensity 

(magnitude) and direction. The field exerts a 
force on an object immersed in it; this force 
represents potential (ready-to-be-used) energy, 
so the potential of the field is a measure of the 
field intensity. The direction of the field is the 
direction in which the object on which the force 
is exerted will tend to move. 
An electrically-charged object in an electric 

field will be acted on by a force that will tend to 
move it in a direction determined by the direc-
tion of the field. Similarly, a magnet in a magnetic 
field will be subject to a force. Everyone has seen 
demonstrations of magnetic fields with pocket 
magnets, so intensity and direction are not hard 
to grasp. 
A "static" field is one that neither moves nor 

changes in intensity. Such a field can be set up 
by a stationary electric charge (electrostatic 
field) or by a stationary magnet (magnetostatic 
field). But if either an electric or magnetic field is 
moving in space or changing in intensity, the 
motion or change sets up the other kind of field. 
That is, a changing electric field sets up a mag-
netic field, and a changing magnetic field gen-
erates an electric field. This interrelationship 
between magnetic and electric fields makes pos-
sible such things as the electromagnet and the 
deal ic motor. It also makes possible the electro-
magnetic waves by which radio communication 
is carried on, for such waves are simply traveling 
fields in which the energy is alternately handed 
back and forth between the electric and mag-
netic fields. 

Lines of Force 

Although no one knows what it is that com-
poses the field itself, it is useful to invent a 
picture of it that will help in visualizing the 
forces and the way in which they act. 

.A field can be pictured as being made up of 
lines of force, or flux lines. These are purely 
imaginary threads that show, by the direction 
in which they lie, the direction the object on 

which the force is exerted will move. The number 
of lines in a chosen cross section of the field is a 
measure of the intensity of the force. The number 
of lines per square inch, or per square centimeter, 
is called the flux density. 

• ELECTRICITY AND THE ELECTRIC 
CURRENT 

Everything physical is built up of atoms, par-
ticles so small that they cannot be seen even 
through the most powerful microscope. But the 
atom in turn consists of several different kinds of 
still smaller particles. One is the electron, essen-
tially a small particle of electricity. The quantity 
or charge of electricity represented by the elec-
tron is, in fact, the smallest quantity of elec-
tricity that can exist. The kind of electricity 
associated with the electron is called negative. 
An ordinary atom consists of a central core 

called the nucleus, around which one or more 
electrons circulate somewhat as the earth and 
other planets circulate around the sun. The 
nucleus has an electric charge of the kind of 
electricity called positive, the amount of its 
charge being just exactly equal to the sum of the 
negative charges on all the electrons associated 
with that nucleus. 
The important fact about these two "oppo-

site" kinds of electricity is that they are strongly 
attracted to each other. Also, there is a strong 
force of repulsion between two charges of the 
same kind. The positive nucleus and the negative 
electrons are attracted to each other, but two 
electrons will be repelled from each other and so 
will two nuclei. 

While in a normal atom the positive charge on 
the nucleus is exactly balanced by the negative 
charges on the electrons, it is possible for an 
atom to lose one of its electrons. When that hap-
pens the atom has a little less negative charge 
than it should — that is, it has a net positive 
charge. Such an atom is said to be ionized, and 
in this case the atom is a positive ion. If an atom 
picks up an extra electron, as it sometimes does, 
it has a net négative charge and is called a 
negative ion. A positive ion will attract any stray 
electron in the vicinity, including the extra one 
that may be attached to a nearby negative ion. 
In this way it is possible for electrons to travel 
from atom to atom. The movement of ions or 
electrons constitutes the electric current. 
The amplitude of the current ( that is, its in-

tensity or magnitude) is determined by the rate at 
which electric charge — an accumulation of elec-

15 
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trons or ions of the same kind — moves past a 
point in a circuit. Since the charge on a single 
electo m or ion is extremely small, the number 
that must move as a group to form even a tiny 
current is almost inci a iceivaltly huge. 

Conductors and Insulators 

Atoms of some materials, notably metals and 
acids, will give up an electron readily, but atoms 
of other materials will not part with any of their 
electrons even when the electric force is extremely 
strong. Materials in which electrons or ions can 
be moved with relative ease are called conductors, 
while those that refuse to permit such movement 
are called nonconductors or insulators. The fol-
lowing list shims how some common materials 
divide between the conductor and insulator 
classifient 1 fis: 

C 911(1 prs 

letals 
Carboii 
Acids 

ins/tin/m.3 

1)ry 
Wood 
Porcelain 
Textiles 
Class 
Itubber 
Resins 

Electromotive Force 

The electric force or potential walled electro-
motive force, and abbreviated e.m.f.) that causes 
eurrent flow may be developed in sevet al ways. 
The action of eertain ehenneal solutions on 
similar metals sets up an e.m.f.; such a combina-
t in is called a cell, and a group of cells forms an 
e:eet rie battery. The amount of curretit that. such 
cells can carry is limited, and in the el nirse of 
current flow one of the metals is eaten MI ay. The 
amount of electrical energy that can be taken 
from a battery consequently is rather small. 
Where a large amount of energy is needed it is 
usually furnished by an electric generator, whi,h 
develops its e.m.f. by a combination of magnet ie 
and mechanical means. 

In picturing current flow it is natural to think 
of a single, constant force causing the electrons to 
move. When this is so, the electrons always move 
in the sanie direction through a path or circuit 
made up of conductors connected together in a 
omtinuous chain. Such a current is called a 
direct current, abbreviated d.c. It is the type of 
current furnished by batteries and by certain 
types of generators. However, it is also possible 
to have an e.m.f. that periodically reverses. With 
this kind of e.m.f. the current flows first in one 
direction through the circuit, and then in the 
other. Such an tt.m.f. is called an alternating 
e.m.f., and the eintrent is called an alternating 
current (abbreviated a.c. ). The reversals (alter-
nations) may occur at any rate from a few per 
second up to several billion per second. Two re-
versals make a cycle; in one cycle the force acts 
first in one direction, then in the other, and then 
returns to the first direction. The number of 
cycles in mie second is called the frequency of the 
alternating current. 

(C) 
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Direct and Alternating Currents 

The difference between direct current and 
alternating current is shown in Fig. 2-1. In these 
graphs the horizontal axis measures time, in-
creasing toward the right away from the vertical 
axis. The vertical axis represents the amplitude 
or strength of the current, increasing in either 
the up or down direction away from the hori-
zontal axis. If the graph is above the horizontal 
axis the current is flowing in one direction through 
the circuit (indicated by the -I- sign) and if it is 
bet ' Pr the horizontal axis the current is flowing 
ill the reverse direction through the circuit (indi-
cated by the — sign). Fig. 2-1A shows that, if we 
close the circuit — that is, make the path for the 
current complete — at the time indicated by X, 
the current instantly takes the amplitude indi-
cated by the height A. After that., the current 
continues at the same amplitude as time goes on. 
This is an ordinary direct current. 

In Fig. 2-113, the current starts flowing with 
the amplitude .4 at time X, continues at that 
amplitude until time Y and then instantly ceases. 
After an interval YZ the curl ent again begins to 
flow and the sanie sort of start-and-stop per-
formance is repeated. This is an intermittent direct 
current. 'We could get it by alternately closing 
and opening a sm itch in the circuit. It is a direct 
current because the direction of current flow does 
not change; the graph is always on the -I- side of 
the horizontal axis. 

In Fig. 2-1C the current starts at zero, in-
ereases in amplitude as time goes on until it 
i•caches the amplitude A while flowing in the -I-
direction, then decieuses until it drops to zero 
amplitut le once more. At that time (X) the 

A 

Time 

A 

X Y —•Z Time 

Fig. 2-1 — Three types of current how. A — direct 
current: ft — intermittent direct current; C — alternat-
ing current. 
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direction of the current flow reverses; this is indi-
cated by the fact that the next part of the graph 
is below the axis. As time goes on the amplitude 
increases, with the current now flowing in the — 
direction, until it reaches amplitude A. Then 
the amplitude decreases until finally it drops to 
zero ( Y) and the direction reverses ' once more. 
This is an alternating current. 

Waveforms 

The type of alternating current shown in Fig. 
2-1 is known as a sine wave. The variations in 
many a.c. waves are not so smooth, nor is one 
half-cycle necessarily just like the preceding one 
in shape. However, these complex waves can be 
shown to be the sum of two or more sine waves of 
frequencies that are exact integral (whole-num-
ber) multiples of some lower frequency. The 
lowest frequency is called the fundamental fre-
quency, and the higher frequencies (2 times, :i 
times the fundamental frequency, and so on) are 
cal led harmonics. 

Fig. 222 , lioNVS how a fundamental and a 
second harinor le (twice the fundamental) might 
add to form a complex wave. Simply by changing 
the relative amplitudes of the two waves, as well 
as the times at which they pass through zero 
amplitude, an infinite number of waveshapes can 
be constructed from just a fundamental and 
second harmonic. Waves that are still more com-
plex ean be constructed if more harmonics are 
used. 

Electrical Units 

The unit of eleetromotive force is called the 
volt. An ordinary flashlight mil generates an 
ean.f. of about 1.5 volts. The e.m.f. commonly 
supplied for domestic lighting and power is 115 
volts, usually a.c. having a frequency of 60 cycles 
per second. The voltages used in radio receiving 
and transmitting circuits range from a few volts 
(usually a.c.) for filament heating to as high as a 
few thousand d.c. volts for the operation of power 
tubes. 
The flow of electric current is measured in 

amperes. One ampere is equivalent to the move-
ment of many billions of electrons past a point 
in the circuit in one second. Currents in the 
neighborhood of an ampere are required for heat-
ing the filaments of small power tubes. The direct 
currents used ill amateur radio equipment usually 
are not so large, and it is customary to measure 
such currents in milliamperes. One milliampere 
is equal to one one-thousandth of an ampere, or 
1000 milliamperes equals one ampere. 
A "d.c. ampere" is a measure of a steady cur-

rent, but the "a.c. ampere" must measure a 
current that is continually varying in amplitude 
and periodically reversing direction. To put the 
two on the same basis, all a.c. ampere is defined 
as the amount of current that will cause the same 
heating effect (see later section) as one ampere 
of steady direct current. For sine-wave a.c., this 
effective (or r.m.s.) value is equal to the maxi-
mum amplitude (A1 or A2 in Fig. 2-1C) multiplied 
by 0.707. The instantaneous value is the value 

o 

nd a mental 

4- 2nd Harmonic 

0 

o 

Resultant 
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Fig. 2-2— A complex waveform. A fe ndainental (top) 
and second harmonic (center) added together, point by 
point at each instant, result in the waveform shown at 
the bottom. When the two compotten s have the same 
itolarity at a selected instant, the resod ant is the simple 
s lllll of the two. When they have opposite polarities, the 
resultant is the difference: if the negative-polarity cont. 
potent is larger, the resultant is negative at that instant. 

that the current (or voltage) has at any selected 
instant in the cycle. 

If all the instantaneous values in a sine wave 
are averaged over a half-cycle, the resulting 
figure is the average value. It is equal to o.e16 
times the maximum amplitude. The average 
value is useful in connection with rectifier sys-
tems, as described in a later chapter. 

• FREQUENCY AND 
WAVELENGTH 

Frequency Spectrum 

Frequencies ranging from about 15 to 15,000 
cycles per second are called audio frequencies, 
because the vibrations of air particles that our 
ears recognize as sounds occur at a similar rate. 
Audio frequencies (abbreviated al.) are used to 
actuate loudspeakers and thus create sound 
waves. 

Frequencies above about 15,000 cycles are 
called radio frequencies (r.f.) because they are 
useful in radio transmission. Frequencies all the 
way up to and beyond 10,000,000,000 cycles 
have been used for radio purposes. At radio fre-
quencies the numbers become so large that it be-
comes convenient to use a larger unit than the 
cycle. Two such units are the kilocycle, which is 
equal to 1000 cycles and is abbreviated kc., and 
the megacycle, which is equal to 1,000,000 cycles 
œ 1000 kilocycles and is abbreciated Mc. 
The various radio frequencies are divided off 

into classifications for ready identification. These 
classifications, listed below, constitute the fre-
quency spectrum so far as it extends for radio 
purposes at the present time. 
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Frequency 

10 to 30 kc. 
30 to 300 kc. 
300 to 3000 kc. 
3 to 30 Mc. 
30 to 300 Mc. 
300 to 3000 Mc. 
3000 to 30,000 Mc. 

Classification Abbreviation 
Very-low frequencies v.l.f. 
Low frequencies 
Medium frequencies 
High frequencies 
Very-high frequencies 
Ultrahigh frequencies 
Superhigh frequencies 

Wavelength 

1.f. 
ni.f. 

v.h.f. 
u.h.f. 
e.h.f. 

Radio waves travel at the same speed as light 
— 300,000,000 meters or about 186,000 miles a 
second in space. They can be set up by a radio-
frequency current flowing in a circuit, because 
the rapidly-changing current sets up a magnetic 
field that changes in the same way, and the vary-
ing magnetic field in turn sets up a varying elec-
tric field. And whenever this happens, the two 
fields move outward at the speed of light. 
Suppose an r.f. current has a frequency of 

3,000,000 cycles per second. The fields will 
go through complete reversals (one cycle) in 
1.'3,000,000 second. In that same period of time 
the fields — that is, the wave — will move 
:2.00,000,000/3,000,000 meters, or 100 meters. 
By the time the wave has moved that distance 
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the next cycle has begun and a new wave has 
started out. The first wave, in other w ords, covers 
a distance of 100 meters before the beginning of 
the next, and so on. This distance is the wave-
length. 
The longer the time of one cycle — that is, the 

lower the. frequency — the greater the distance 
occupied by each wave and hence the longer the 
wavelength. The relationship between wave-
length and frequency is shown by the formula 

300 000  
— ' 

where X = Wavelength in meters 
f = Frequency in kilocycles 

300 
or X = 

where A = Wavelength in meters 
f = Frequency in megacycles 
Example: The wavelength corresponding to a 

frequency of 3650 kilocycles is 

X 300,000 — 82.2 meters 
3650 

Resistance 
Given two conductors of the same size and 

shape, but of different materials, the amount of 
current that will flow when a given e.m.f. is 
applied will be found to vary with what is called 
the resistance of the material. The lower the re-
sistance, the greater the current for a given value 
of e.m.f. 

Resistance is measured in ohms. A circuit has 
a resistance of one ohm when an applied e.m.f. 
of one volt causes a current of one ampere to 
flow. The resistivity of a material is the resistance, 
in ohms, of a cube of the material measuring one 
centimeter on each edge. One of the best con-
ductors is copper, and it is frequently convenient, 
in making resistance calculations, to compare 
the resistance of the material under consideration 
wit h that of a copper conductor of the same size 
and shape. Table 2-I gives the ratio of the re-
sistivity of various conductors to that of copper. 
The longer the path through which the current 

flows the higher the resistance of that conductor. 
For direct current and low-frequency alternating 

TABLE 2-1 

Relative Resistivity of Metals 

Resistivity 
Material Compared to Copper 

Aluminum (pure)  1.70 
Brass  3.57 
Cadmium  5.26 
Chromium  1.82 
Copper (hard-drawn)  1.12 
Copper (annealed)  1.00 
Iron (pure)  5.65 
Lead  14.3 
Nickel 6  25 to 8.33 
Phosphor Bronze  2.78 
Silver  0.91 
Tin  7.71) 
Zinc  3.51 

currents (up to a few thousand cycles per second) 
the resistance is inversely proportional to the 
cross-sectional area of the path the current must 
travel; that is, given two conductors of the same 
material and having the same length, but differ-
ing in cross-sectional area, the one with the 
larger area will have the lower resistance. 

Resistance of Wires 

The problem of determining the resistance of 
a round wire of given diameter and length — or 
its opposite, finding a suitable size and length of 
wire to supply a desired amount of resistance — 
can be easily solved with the help of the copper-
wire table in the Miscellaneous Data chapter. 
This table gives the resistance, in ohms per thou-
sand feet, of each standard wire size. 

Example: Suppose a resistance of 3.5 ohms is 
needed and some No. 28 wire is on hand. The 
wire table in the Miscellaneous Data chapter 
shows that No. 28 has a resistance of 66.17 ()hills 
per thousand feet. Since the desired resistance is 
3.5 ohms, the length of wire required will be 

3.5 
X 1000 = 52.89 feet. 

66.17 

Or, suppose that the resistance of the wire in 
the circuit must not exceed 0.05 ohm and that 
the length uf wire required for making the con-
nections totals 14 feet. Then 

14 
—--X R = 0.05 ohm 
1000 

where R is the maximum allowable resistance in 
ohms per thousand feet. Rearranging the for-
mula gives 

0.05 X 1000 
R — 3.57 ohms/1000 ft. 

14 

Reference to the wire table shows that No. 15 is 
the smallest size having a resistance less than 
this value. 

When the wire is not copper, the resistance 
values given in the wire table should be multi-



ELECTRICAL LAWS AND CIRCUITS 19 

Types of resistors used in radio equip-
ment. Those in the foreground with 
wire leads are carbon types, ranging 
in size from 1/¡ watt at the left to 2 
watts at the right. The larger resistors 
use resistance wire wound on ceramic 
tubes; sizes shown range from 5 watts 
to IOU watts. Three are the adjustable 
type, using a sliding contact on an 
exposed section of the resistance 
winding. 

obtain plied by the ratios given in Table 2-I to 
the resistance. 

Example: If the wire in the first example were 
iron instead of copper the length required for 
3.5 ohms would be 

3.5 
X 1000 •• 9.35 feet. 

66.17 X 5.65 

Temperature Effects 

The resistance of a conductor changes u ith 
its temperature. Although it is seldom necessary 
to consider temperature in making resistance 
calculations for amateur work, it is well to know 
that the resistance of practically all metallic 
conductors increases with increasing tempera-
ture. Carbon, how ever, acts in the opposite way; 
its resistance decreases when its temperature rises. 
The temperature effect is important when it is 
necessary to maintain a constant resistance under 
all conditions. Special materials that have little 
or no change in resistance over a wide tempera-
ture range are used in that case. 

Resistors 

A "package" of re.istance made up into a 
single unit is called a resistor. Resistors having 
the same resistance value may be considerably 
different in size and construction. The flow of 
current through resistance causes the conductor 
to become heated; the higher the resistance and 
the larger the current, the greater the amount of 
heat developed. Resistors intended for carrying 
large currents must be physically large so the heat 
can be radiated quickly to the surrounding air. 
If the resistor does not get rid of the heat quickly 
it may reach a temperature that will cause it to 
melt or burn. 

Skin Effect 

The resistance of a conductor is not the same 
for alternating current as it is for direct current. 
When the current is alternating there are internal 
effects that tend to force the current to flow 
mostly in the outer parts of the conductor. This 
decreases the effective crosesectional area of the 
conductor, with the result that the resistance 
Increases, 

For low audio frequencies the increase in re-
, sistance is unimportant, but at radio frequencies 
this skin effect is so great that practically all the 
current flow is confined within a few thousandths 
of an inch of the conductor surface. The r.f. 
resistance is consequently many times the d.c. 
resistance, and increases with increasing fre-
quency. In the r.f. range a conductor of thin 
tubing will have just as low resistance as a solid 
conductor of the same diameter, because material 
not close to the surface carries practically no 
current. 

Conductance 

The reciprocal of rehi>tunee (that is, 1/R) is 
called conductance. It is usually represented by 
the symbol G. A circuit having large conductance 
has low resistance, and vice versa. In radio work 
the term is used chiefly in connection with 
vacuum-tube characteristics. The unit of con-
ductance is the mho. A resistance of one ohm has 
a conductance of one mho, a resistance of 1000 
ohms has a conductance of 0.001 mho, and so on. 
A unit frequently used in connection with vacuum 
tubes is the micromho, or one-millionth of a mho. 
It is the conductance of a resistance of one 
megohm. 

• OHM'S LAW 
The simplest form of electric circuit is a bat-

tery with a resistance connected to its terminals, 
as shown by the symbols in Fig. 2-3. A complete 
circuit must have an unbroken path so current 

Fig. 2-3— A simple cir-
cuit consisting of a bat-
tery and resistor. 

Batt. 
7=-1 

can flow out of the battery, through the apparatus 
connected to it, and back into the battery. The 
circuit is broken, or open, if a connection is re-
moved at any point. A switch is a device for 
making and breaking connections and thereby 
closing or opening the circuit, either allowing 
current to flow or preventing it from flowing. 
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TABLE 241 

Conveesion Factors for Fractional and 
Multiple Units 

To change from To Divide b.• Multiply by 

Units Micro-units 
Milli-units 
Kilo-units 1000 
Mega-units 1,000,000 

Micro-units Milli-units 1000 t 
Units 1.000.000 

M illi-units N1 icro-tin its 
Units 1000 

Kilo-units 11:nits 
Mega-units 1000 

Mega-units Uniti 

1,000,000 
1000 

10011 

1,000,000 
1000 

The values of current, voltage and resistance 
in a circuit are by no means independent of each 
other. The relationship between them is known 
as Ohm's Law. It can be stated as follows: The 
current flowing in a circuit is directly propor-
tional to the applied e.m.f. and inversely propor-
tional to the resistance. Expressed as an equa-
tion, it is 

E (volts) 
I (amperes) = 

R (ohms) 

The equation above gives the value of current 
w hen the voltage and resistance are known. 
It may be transposed so that each of the three 
quantities may be found when the other two are 
known: 

E = IR 

(that is, the voltage acting is equal to the cur-
rent in amperes multiplied by the resistance in 
ohms) and 

R 

(or, the resistance of the circuit is equal to the 
applied voltage divided by the current). 

All three forms of the equation are used almost 
constantly in radio work. It must be remembered 
that the quantities are in volts, ohms and amperes; 
other units cannot be used in the equations 
without first being converted. For example, if the 
current is in milliamperes it must be changed to 
the equivalent fraction of an ampere before the 
value can be substituted in the equations. 

Table 2-II shows how to convert between the 
various units in common use. The prefixes at-
tached to the basic-unit name indicate the nature 
of the unit. These prefixes are: 

micro — one-millionth (abbreviated /4) 
milli — one-thousandth (abbreviated m) 
kilo — one thousand (abbreviated k) 

mega — one million (abbreviated M) 

For example, one microvolt is one-millionth of 
a volt, and one megohm is 1,000,000 ohms. There 
are therefore 1,000,000 microvolts in one volt, 
and 0.000001 megohm in one ohm. 

• 

CHAPTER 2 
The following examples illustrate the use of 

Ohm's Law: 
The current flowing in a resistance of 20,000 

ohms is 150 milliamperes. What 18 the voltage? 
Since the voltage is to be found, the equation to 
use is E IR. The current must first be con-
verted from milliamperes to amperes, and refer-
ence to the table shows that to do so it is neces-
sary to divide by 1000. Therefore, 

150  
E = Moo x 20,000 = 5000 volts 

When a voltage of 150 is applied to a circuit 
the current is measured at 2.5 amperes: What Is 
the resistance of the circuit? In this ease k is t 
unknoval,so 

R 150 
- = 110 oho's 

1 2.5 

No conversion was necessary becailse the Volt. 
age and current were given in volts and amperes. 
how much current will flow if 250 volts is ap-

plied to a 5000-ohni resistor? Since / is unknown 

E 250 I - - - (1.110 ampere 
5000 

Milliampere units would be more convenient for 
the current, and 0.05 amp. X MOO = 50 mil-
liamperes. 

SERIES AND PARALLEL 
RESISTANCES 

Very few actual electric circuits are a.s simple 
as the illustration in the preceding section. ( nn-
moldy, resistances are found connected in a 

Fig. 2-4 — Resis-
tors connected in 
series and in par-
allel. 

PAR ALLEL 
•ss, 

variety of ways. The two fundamental methods 
of connecting resistances are shown in Fig. 2-4. 
In the upper drawing, the current flows from the 
source of e.m.f. (in the direction shown by the 
arrow, let us say) down through the first re-
sistance, RI, then through the second, R2, and 
then back to the source. These resistors are con-
nected in series. The current everywhere in the 
circuit has the same value. 

In the lower drawing the current flows to the 
common connection point at the top of the two 
resistors and then divides, one part of it flowing 
through R1 and the other through R2. At the 
lower connection point these two currents again 
combine; the total is the same as the current 
that flowed into the upper common connection. 
In this case the two resistors are connected in 
parallel. 
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Resistors in Series 

When a circuit has a number of resistances 
connected in series, the total resistance of the 
pireLit is the sum of the individual resistances. 
If these are numbeied RI, R2, R3, etc., then 

R (total) = R1 -I- R2 -I- R3 ± R4 + • • • • 
where the dots indicate that as many resistors as 
necessary may be added. 

Example: Suppose that three resistors are 
connected to a source of (» JILL as shown in Fig. 
2-5. The e.m.f. is 250 volts, RI is 5000 ohms, 
112 is 20,000 ohms, and /ea is 8000 ohms. The 
total resistance is then 

R = + 112 + Ra = 5000 -I- 20.000 -I- 8000 
= 33,000 ohms 

The current flowing in the circuit is then 

E 250 
I =— = — = 0.00757 snip. = 7.57 nia. 

R 33,000 

(We need not carry calculations beyond three 
significant figures, and often two will suffice 
because the accuracy of measurements is seldona 
better than a few per cent.) 

Voltage Drop 

Ohm's Law applies to any part of a circuit as 
well as to the whole circuit. Although the our-
rent is the sanie ill all three of the resistances 
in the example, the total voltage divides among 
them. The volt;tge appearing across each resistor 
(the voltage drop) can be found from Ohm's Law. 

Example: If the voltage across RI (Fig. 2-5) 
is called El, that across 112 is called E2, and that 
across 113 is called E3, then 

fel = = 0.00757 X 5000 = 37.9 volts 
E2 = 1112 = 0.00757 X 20,000 = 151.4 volts 
E3 = 1.?3 = 0.00757 X 8000 = 60.6 volts 

The applied voltage must equal the sum of the 
individual voltage drops: 

E = E2 E3 = 37.9 -I- 151.4 -I- 60.6 
= 249.9 volts 

The answer would have been nuee nearly exact 
if the current had been calculated to more deci-
mal places. but as explained above a very high 
order of accuracy is not necessary. 

In problems such as this considerable time and 
trouble can be saved, when the current is small 
enough to be expressed in milliamperes, if the 

RI 

5000 

14000 

Fie.. 2-5 — An example 
,,f inir. in series. The 

20,000 .ollitioe il the circuit is 
%%orlsed out in the text. 

R3 

resistance is expressed in kilohms rather than 
ohms. When resistance in kilohms is substituted 
directly in Ohm's Law the current will be in 
milliamperes if the e.m.f, is in volts. 

Resistors in Parallel 

In a circuit with resistances in parallel, the 
total resistance is less than that of the lowest 
value of resistance present. This is because the 

total current is always greater than the current 
in any individual resistor. The formula for finding 
the total resistance of resistances in parallel is 

R = 
1 

1 , 
— — -r — -r — 
RI-t- R2 R3 R4 

where the dots again indicate that any number sa 
of resistors can be combined by the me method. 
For only two resistances in parallel (a very com-
mon case) the formula is 

R — 
ItiR2  

R ±  

Example: If a 500-ohen resistor is paralleled 
with one of 1200 ohms, the total resistance is 

R 
111112 500 X 1200 600,600  

— 
+ 112 500 -I- 1200 1700 

= 353 ohms 

It is probably easier to solve practical prob-
lems by a different method than the "reciprocal 
of reciprocals" formula. Suppose the three re-

2-6 — An example of resistors in parallel. The solu-
tion is worked out in the text. 

sistors of the previous example are connected in 
parallel as shown in Fig. 2-6. The same e.m.f., 
2rM volts, is applied to all three of the resistors. 
The current in each can be found from Ohm's 
Law as shown below, 11 being the current 
through RI, /2 the current through R2 and /3 the 
current through R3. 

For convenience, the resistance will he expressed 
in kilohms so the current will be in milliamperes. 

E 250 
— = 50 ma. 

▪ RI 5 

E 250 
— — 

112 20 

E 250 
13 = = — = 31.25 ma. 

Ra 8 

The total current is 

I = Ii + 12 + 13 = 50 -I- 12.5 -F 31.25 
= 93.75 Ina. 

The total resistance of the circuit is therefore 

E 250 
R = — — = 2.66 kilohms ( = 2660 ohms) 

I 93.75 

Ii 

12 = 12.5 ma. 

Resistors in Series-Parallel 

An actual circuit may have resistances both in 
parallel and in series. To illustrate, we use the 
same three resistances again, but now connected 
as in Fig. 2-7. The method of solving such a 
circuit such as Fig. 2-7 is as follows: Consider 
R2 and R3 in parallel as though they formed a 
single resistor. Find their equivalent resistance. 
Then this resistance in series m ith R1 forms a 
simple series circuit, as shown at the right in 
Fig. 2-7. 
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12, 

E.250V. 

Req. 

(Equivalent R 
of R2 and R3 
in parallel) 

EQUIVALENT CIRCUIT 

Fig. 2-7 — An example of resi t ors in series-parallel. The 
solution is worked out in the text. 

Example: The first sted is to find the equiva-
lent resistance of R2 and R. From the formula 
for two resistances in par::.11e1, 

=  R2R3 _ 20 X 8 _ 160 

R2 Rs 20+8 28 
= 5.71 kilohnis 

The total resistance in the circuit is then 

It = fit + = 5 + 5.71 kilohnis 
= 10.71 kilohnis 

The current is 

• 
Power — the rate of doing work — is equal 

to voltage multiplied by current. The unit of 
electrical power, called the watt, is equal to one 
volt multiplied by one ampere. The equation 
for power therefore is 

P = El 
where P = Power in watts 

E = E.m.f. in volts 
I = Current in amperes 

Common fractional and multiple units for 
power are the milliwatt, one one-thousandth of 
a watt, and the kilowatt, or one thousand watts. 

Example: The plate voltage on a transmitting 
vacuum tube is 2000 volts and the plate current 
is 350 milliamperes. (The current must be 
changed to amperes before substitution in the 
formula, and so is 0.35 amp.) Then 

P = Et = 2000 X 0.35 = 700 watta 

By substituting the Ohm's Law equivalents 
for E and I, the following formulas are obtained 
for power: 

I = —E = 50 = 23.4 ma. 
R 10.71 

The voltage drops across RI and R.5. are 

Ei = ¡RI = 23.4 X 5 = 117 volts 
E2 = I = 23.4 X 5.71 = 133 volts 

with sufficient accuracy. These total 250 volts, 
thus checking the calculations so far, because 
the sum of the voltage drops must equal the 
applied voltage. Since Ex appears across both R2 
and 113, 

E2 133 „ 
J2 = — = — = o.to ma. 

R2 20 

E2 133 
= — = — = 16.6 ma. 

Ra 8 

where la = Current through R2 
/3 = Current through Rs 

The total is 23.35 ma., which checks closely 
enough with 23.4 ma., the current through the 
whole circuit. 

POWER AND ENERGY 

E2 
P 

p 12R 

These formulas are useful in power calculations 

when the resistance and either the current or 
voltage (but not both) are known. 

Example: How much power will be used up 
in a 4000-ohm resistor if the voltage applied to 
it is 200 volts? From the equation 

E2 (200)2 P 40.000 
— —  — 10 watts 
R 4000 4000 

Or, suppose a current of 20 milliamperes flows 
through a 300-ohm resistor. Then 

P = PR = (0.02)2 X 300 = 0.0004 X 300 

= 0.12 watt 

Note that the current was changed from mil-
liamperes to amperes before substitution in the 
formula. 

Electrical power in a resistance is turned 
into heat. The greater the power the more 
rapidly the heat is generated. Resistors for radio 
work are made in many sizes, the smallest being 
rated to "dissipate" (or carry safely) about 
watt. The largest resistors used in amateur equip-
ment will dissipate about 100 watts. 

Generalized Definition of Resistance 

Electrical power is not always turned into heat. 
The power used in running a motor, for example, 
is converted to mechanical motion. The power 
supplied to a radio transmitter is largely con-
verted into radio waves. Power applied to a loud-
speaker is changed into sound waves. But in every 
ca.se of this kind the power is completely "used 
up" — it cannot be recovered. Also, for proper 
operation of the device the power must be sup-
plied at a definite ratio of voltage to current. 
Both these features are characteristics of resist-
ance, so it can be said that any device that dissi-
pates power has a definite value of "resistance." 
This concept of resistance as something that 
absorbs power at a definite voltage/cm-rent ratio 
is very useful, since it permits substituting a 
simple resistance for the load or power-consum-
ing part of the device receiving power, often with 
considerable simplification of calculations. Of 
course, every electrical device has some resistance 
of its own in the more narrow sense, so a part of 
the power supplied to it is dissipated in that 
resistance and hence appears as heat even though 
the major part of the power may be converted to 
another form. 

Efficiency 

In devices such as motors and vacuum tubes, 
the object is to obtain power in some other 
form than heat. Therefore power used in heat,-
ing is considered to be a loss, because it is not 
the useful power. The efficiency of a device is 
the useful power output (in its converted form) 
divided by the power input to the device. 
In a vacuum-tube transmitter, for example, 
the object is to convert power from a d.c. 
source into a.c. power at some radio frequency. 
The ratio of the r.f. power output to the d.c. 
input is the efficiency of the tube. That is, 

o P — 
Pi 
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where Eff. =- Efficiency (as a decimal) 
= Power output (watts) 
= Power input (natts) 

Example: If the d.c. input to the tube is 100 
watts and the r.f. power output is 60 watts, the 
efficiency is 

Eff. =--(7)  = 0.6 

Efficiency is usually expressed as a percentage; 
that is, it tells what per cent of the input power 
will be available as useful output. The efficiency 
in the above example is 60 per cent. 

Energy 

In residences, the power company's bill is 
for electric energy, not for power. What you 
pay for is the work that electricity does for 
you, not the rate at which that \vial: is ( Mile. 

Capacitance 

23 
Electrical work is equal to power multiplied by 
time; the common unit is the watt-hour, which 
means that a power of one watt has been used 
for one hour. That is, 

W -= PT 
where W = Energy in watt-hours 

/' = Power in watts 
T = Time in hours 

Other energy units are the kilowatt-hour and 
the watt-second. These units should be self-
explanatory. 

Energy units are seldom used in amateur 
practice, but it is obvious that a small amount 
of power used for a long time can eventually 
result in a "power" bill that is just as large as 
though a large amount of power had been 
used for a very short time. 

and Condensers 
Suppose two flat metal plates are placed close 

to each other (but not touching) as shown in 
Fig. 2-8. Normally, the plates will be elec-
trically "neutral"; that is, no electrical charge 
will be evident on either plate. 
Now suppose that the plates are connected 

to a battery through a switch, as shown. At the 

Metal Plates 

Fig. 2-8— A 
simple con-
denser. 

instant the switch is closed, electrons will be 
attracted from the upper plate to the positive 
terminal of the battery, and the same number 
will be repelled into the lower plate from the 
negative battery terminal. This electron move-
ment will continue until enough electrons move 
into one plate and out of the other to make the 
e.m.f. between them the same as the e.m.f. of 
the battery. 

If the switch is opened after the plates have 
been charged, the top plate is left with a de-
ficiency of electrons and the bottom plate with 
an excess. In other words, the plates remain 
charged despite the fact that the battery no 
longer is connected. However, if a wire is touched 
between the two plates (short-circuiting them) 
the excess electrons on the bottom plate will flow 
through the wire to the upper plate, thus restor-
ing electrical neutrality to both plates. The 
plates have then been discharged. 
The two plates constitute an electrical capacitor 

ur condenser, and from the discussion above it 
should be clear that a condenser possesses the 
property of storing electricity. It should also 
be clear that during the time the electrons are 
moving — that is, while the condenser is being 
charged or discharged — a current is flowing 
in the circuit even though the circuit is "broken" 
by the gap between the condenser plates. How-
ever, the current flows only during the time of 

charge and discharge, and this time is usually 
very short. There can be no continuous flow of 
direct current "through" a condenser. 
The charge or quantity of electricity that 

can be placed on a condenser is proportional to 
the applied voltage and to the capacitance or 
capacity of the condenser. The larger the plate 
area and the smaller the spacing between the 
plates the greater the capacitance. The capaci-
tance also depends upon the kind of insulating 
material between the plates; it is smallest with 
air insulation, but substitution of other insulating 
materials for air may increase the capacitance 
of a condenser many times. The ratio of the 
capacitance of a condenser with some material 
other than air between the plates, to the capaci-
tance of the same condenser with air insulation, is 
called the specific inductive capacity or dielectric 
constant of that particular insulating material. 
The material itself is called a dielectric. The 
dielectric constants of a number of materials 

TABLE 2-III 

Dielectric Constants and Breakdown Voltages 

Material Dielectric Puncture 
Constant Voltage* 

Air 1.0 
Alsirnag A106 5.7 
Bakelite (paper-base) 3.8-5.5 
Bakelite (mica-filled) 5-6 
Celluloid 4-16 
Cellulose acetate 6-8 
Fiber 5-7.5 
Formica 4.6-4.9 
Glass (window) 7.6-8 
Glass (photographic) 7.5 
Glass (Pyrex) 4.2-4.9 335 
Lucite 2.5-3 480-500 
Mica 2.5-8 
Mica (clear India) 6.4-7.5 
Mycalex 7.4 
Paper 2.0-2.6 
Polyethylene 2.3-2.4 
Polystyrene 2.4-2.9 
Porcelain 6.2-7.5 
Rubber (hard) 2-3.5 
Steatite (low-loss) 4.4 
Wood (dry oak) 2.5-6.8 
' In volts per mil (0.001 inch). 

19.8-22.8 
240 

650-750 
475-600 

300-1000 
150-180 

450 
200-250 

600-1500 
250 
1250 
1000 

500-2500 
40-100 
450 

150-315 
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commonly used as dielectrics in condensers are 
given in Table 2-III. If a sheet of photographic 
glass is substituted for air between the plates of 
a condenser, for example, the capacitance of the 
condenser will be increased 7.5 times. 

Units 

The fundamental unit of capacitance is the 
farad, but this unit is much too large for prac-
tical work. Capacitance is usually measured in 
microfarads (abbreviated pfd.) or micromicro-
farads ( aI). The microfarad is one-millionth 

Fig. 2-9 — A multiple-plate condenser. Alter, ate plates 
are connected together. 

of a farad, and the micromicrofarad is one-mil-
lionth of a microfarad. Condensers nearly always 
have more than two plates, the alternate plates 
being connected together to form two sets as 
shown in Fig. 2-9. This makes it possible to attain 
a fairly large capacitance in a small space as 
compared with a two-plate condenser, since 
several plates of smaller individual area can be 
stacked to form the equivalent of a single huge 
plate of the same total area. Also, all plates, 
except the two on the ends, are exposed to plates 
of the other group on both sides, and so are twice 
as effective in increa.sing the capacitance. 
The formula for calculating the capacitance 

of a condenser is. 
KA 

C = 0.224 d — (n — 1) 

where C = Capacitance in µdd. 
K = Dielectric constant of material be-

tween plates 
A = Area of one side of one plate in 

square inches 
d = Separation of plate surfaces in inches 
n = Number of plates 

CHAPTER 2 
If the plates in one group do not have the same 
area as the plates in the other, use the area of 
the souiller plates. 

Example: A " variable" condenser has 7 semi-
circular plates on its rotor, the diameter of the 
semicircle being 2 inches. The stator has 6 rec-
tangular plates, with a semicircular cut-out to 
clear the rotor shaft, but otherwise large enough 
to face the entire area of a rotor plate. The diam-
eter of the cut-mit is inch. The distance be-
tween the adjacent surfaces of rotor and stator 
plates is % inch. The dielectric is air. What is the 
capacitance of the condenser with the plates 
fully meshed? 

In this case, the " effective" area is the area 
of the rotor plate minus the area of the cut-out 
in the stator plate. The area of either semicircle 
is rr2/2. where r is the radius. The area of the 
rotor plate is r/2, or 1.57 square inches (the 
radius is 1 inch). The area of the eut-out is 
r(i(4)2/2 = r/32 = 0.10 square inch, approxi-
mately. The " effective" area is therefore 1.37 - 
0.10 = 1.47 s,tuare inches. The capacitance is 
therefore 

K A  C = 0.224 — (n - I) = 0.2211 X 1.47 (13 1) 
d 0.123 

= 0.224 X 11.76 X 12 = 31.6 emfd. 

(The anSWer is only approximate, beeause of the 
diffieulty of accurate measurement, plus a 
"fringing" effect at the edges of the plates that 
makes the actual capacitance a little higher.) 

The usefulness of a condenser in electrical 
circuits lies in the fact that it can be charged 
with electricity at one time and then discharged 
at a later time. In other words, it is capable of 
storing electrical energy that can be released 
later when it is needed; it is an "electrical 
reservoir." 

Condensers in Radio 

The types of condensers used in radio work 
differ considerably in physical size, construction, 
and capacitance. Some representative types are 
shown in the photograph. In variable condensers 
(almost always constructed with air for the 
dielectric) one set of plates is made movable with 
respect to the other set so that the capacitance 
can be varied. Fixed condensers — that is, having 
fixed capacita ice — also can be made with metal 
plates and with air as the dielectric, but usually 

Fixed and variable condenser,. The 
bottom rois left to right, a 
high-voltage mica lixc,1 condcii ,er, a 
tubular electrols tic, tubular paper, 
t o ,izc. of"po-tagc-tamp" nticas, 
a - mall ceramic tmie ( temperature 
compensating), an a He con-
denser uith eel-antic in ,ida lion ( for 
neutralizing in Irarn•inillur-1, a - but-
ton " ceramic cninivin-er. and an ad-
justable "padding- condcri-er. F  

of variable condonsers are 
slum n in the second ro,. Fite ta o. 
plate condenser null Illy  " "rometer 
adjustment is used in transmitters. 
The condenser enclosed in the metal 
ease is a high-% oltage paper type used 
in poner-supply filters. 
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are constructed from plates of metal foil with a 
thin solid or liquid dielectric sandwiched in be-
tween, so that a relatively large capacitance 
can be secured in a small unit. The solid dielectrics 
commonly used are mica, paper and special 
ceramics. An example of a liquid dielectric is 
mineral oil. The electrolytic condenser uses alumi-
num-foil plates with a semiliquid conducting 
chemical compound between them; the actual 
dielectric is a very thin film of insulating ma-
terial that forms on one set of plates through 
electrochemical action when a d.c. voltage is 
applied to the condenser. The capacitance ob-
tained with a given plate area in an electrolytic 
condenser is very large, compared with condensers 
having other dielectrics, because the film is so 
extremely thin — much less than any thickness 
that is practicable with a solid dielectric. 

Voltage Breakdown 

When a high voltage is applied to the plates 
of a condenser, a considerable force is exerted 
on the electrons and nuclei of the dielectric. 
Because the dielectric is an insulator the elec-
trons do not become detached from atoms the 
way they do in conductors. However, if the 
force is great enough the dielectric will "break 
down"; usually it will puncture and may char 
(if it is solid) and permit current to flow. The 
breakdown voltage depends upon the kind and 
thickness of the dielectric, as shown in Table 
2-111. It is not directly proportional to the 
thickness; that is, doubling the thickness does 
not quite double the breakdown voltage. If the 
dielectric is air or any other gas, breakdown is 
evidenced by a spark or arc between the plates, 
but if the voltage is removed the arc ceases and 
the condenser is ready for use again. Break-
down will occur at a lower voltage between 
pointed or sharp-edged surfaces than between 
rounded and polished surfaces; consequently, 
the breakdown voltage between metal plates of 
given spacing in air can be increased by buffing 
the edges of the plates. 

Since the dielectric must be thick to with-
stand high voltages, and since the thicker the 
dielectric the smaller the capacitance for a given 
plate area, a high-voltage condenser must have 
more plate area than a low-voltage condenser of 
the same capacitance. High-voltage high-capaci-
tance condensers are physically large. 

• CONDENSERS IN SERIES AND 
PARALLEL 

The terms "parallel" and "series" when used 
with reference to condensers have the same circuit 
meaning as with resistances. When a number of 
condensers are connected in parallel, as in Fig. 
2-10, the total capacitance of the group is equal 
to the sum of the individual capacitances, so 

C (total) = + C2 ± C3 + C4 ±  

However, if two or more condensers are 
connected in series, as in the second drawing, 

o 

Source of 

o 
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Fig. 2-10— Con-
densers in series and 
parallel. 

the total capacitance is less than that of the 
smallest condenser in the group. The rule for 
finding the capacitance of a number of series-
connected condensers is the same as that for 
finding the resistance of a number of parallel-
connected resistors. That is, 

C (total) — 
1 

+ --r 
CI CS CS C4 

and, for only two condensers in series, 

CC 
C (total) — 12 

ci ± CS 
The same units must be used throughout; 

that is, all capacitances must be expressed in 
either pfd. or ppfd.; you cannot use both units 
in the same equation. 

Condensers are connected in parallel to ob-
tain a larger total capacitance than is available 
in one unit. The largest voltage that can be ap-
plied safely to a group of condensers in parallel 
is the voltage that can be applied safely to the 
condenser having the lowest voltage rating. 
When condensers are connected in series, the 

applied voltage is divided up among the vari-
ous condensers; the situation is much the same 
as when resistors are in series and there is a 
voltage drop across each. However, the volt-
age that appears across each condenser of a 
group connected in series is in inverse propor-
tion to its capacitance, as compared with the 
capacitance of the whole group. 

Example: Three condensers having capaci-
tances of 1, 2 and 4 odd., respectively, are con-

E.2007 ,MItS 

Etl fd. 

E2 C2+ 2)1 f d. 

f 
E3 C3 4)1(d. 

Fig. 2-11— An example of condensers connected in 
series. The solution to this arrangement is worked out 
in the text. 
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nected in series a8 shown in Fig. 2-11. The total 
capacitance is 

1  1  1 4 
C — 

1 1 1 1 1 1 7 7 
— — — - - A 
CI C2 C3 I 2 'm 4 

= 0.571 dd. 

The voltage across each condenser is propor-
tional to the total capacitance divided by the ca-
pacitance of the condenser in question. so the 
voltage across Ci is 

0.57 I 
= X 2000 = 1142 volts 

1 

Similarly, the voltages across C2 and C3 are 

0.571  
E2 —  X 2000 = 571 volts 

2 

Ea = el":171 X 2000 = 286 volts 
4 

totaling approximately 2000 volts, the applied 
voltage. 

Condensers are frequently connected in series 
to enable the group to withstand a larger voltage 
(at the expense of decreased total capacitance) 
than any individual condenser is rated to stand. 
However, as shown by the previous example, the 
applied voltage does not divide equally among 
the condensers (except when all the capacitances 
are the same) so care must be taken to see that 
the voltage rating of no condenser in the group 
is exceeded. 

Inductance 
It is possible to show that the flow of current 

through a conductor is accompanied by magnetic 
effects; a compass needle brought near the con-
ductor, for example, will be deflected from its 
normal north-south position. The current, in 
other words, sets up a magnetic field. 

If a wire conductor is formed into a coil, the 
same current will set up a stronger magnetic 
field than it will if the wire is straight. Also, if 
the wire is wound around an iron or steel core 
the field will be still stronger. The relationship 
between the strength of the field and the intensity 
of the current causing it is expressed by the 
inductance of the conductor or coil. If the same 
current flows through two coils, for example, and 
it is found that the magnetic field set up by one 
coil is twice as strong as that set up by the other, 
the first coil has twice as much inductance as the 
second. Inductance is a property of the conductor 
or coil and is determined by its shape and dimen-
sions. The unit of inductance (corresponding 
to the ohm for resistance and the farad for 
capacitance) is the henry. 

If the current through a conductor or coil is 
made to vary in intensity, it is found that an 
e.m.f. will appear across the terminals of the 

conductor or coil. This e.m.f. is entirely sepa-
rate from the e.m.f. that is causing the current 
to flow. The strength of this induced e.m.f. 
becomes greater, the greater the intensity of 
the magnetic field and the more rapidly the 
current (and hence the field) is made to vary. 
Since the intensity of the magnetic field depends 
upon the inductance, the induced voltage (for a 
given current intensity and rate of variation) is 
proportional to the inductance of the conductor 
or coil. 
The induced e.m.f. (sometimes called back 

e.m.f.) tends to send a current through the 
circuit in the opposite direction to the current 
that flows because of the external e.m.f. so long 
as the latter current is increasing. However, if 
the current caused by the applied e.m.f. decreases, 
the induced e.m.f. tends to send current through 
the circuit in the same direction as the current 
from the applied e.m.f. The effect of inductance, 
therefore, is to oppose any change in the current 
flowing in the circuit, regardless of the nature of 
the change. It accomplishes this by storing energy 
in its magnetic field when the current in the circuit 
is being increased, and by releasing the stored 
energy when the current is being decreased. 

• 

Inductance coils for power and radio 
frequencies. The two iron-core coils 
at the upper left are "chokes" for 
power-supply filters. The three "pie"-
wound coils at the lower right are 
used as chokes in radio-frequency 
circuits. The other coils are for ri. 
tuned circuits ranging in power from 
25 watts to a kilowatt. 

• 
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The values of inductance used in radio equip-

ment vary over a wide range. Inductance of 
several henrys is required in power-supply 
circuits (see chapter on Power Supplies) and to 
obtain such values of inductance it is necessary 
to use coils of many turns wound on iron cores. 
In radio-frequency circuits, the inductance values 
used will be measured in millihenrys (a millihenry 
is one one-thousandth of a henry) at low fre-
quencies, and in microhenrys (one one-millionth 
of a henry) at medium frequencies and higher. 
Although coils for radio frequencies may be 
wound on special iron cores (ordinary iron is not 
suitable) most r.f. coils made and used by ama-
teurs are the "air-core" type; that is, wound on 
an insulating form consisting of nonmagnetic 
material. 

Inductance Formula 

The inductance of air-core coils may be calcu-
lated from the formula 

0.2 a2n2  
L (ph.) = 

3a -I- 96 + 10c 

where L -= Inductance in microhenrys 
a = Average diameter of coil in inches 
= Length of winding in inches 

c = Radial depth of winding in inches 
n = Number of turns 

The notation is explained in Fig. 2-12. The 
quantity 10c may be neglected if the coil only 
has one layer of wire. 

Example: Assume a coil having 35 turns of 
No. 30 d.s.c. wire on a form 1.5 inches in diam-
eter. Consulting the wire table ( Miscellaneous 
Data chapter), 35 turns of No. 30 d.s.c. will 
occupy 0.5 inch. Therefore, a = 1.5, b = 0.5. 
n = 35, and 

0.2 X ( 1.5)2 X (35)'  
5 gh. 

(3 X 1.5) (9 X 0.5) 

To calculate the number of turns of a single-
layer coil for a required value of inductance: 

\i 0.2e 3a 9b  
N= 022 X L L , 

Example: Suppose an inductance of 10 micro-
henrys is required. The form on which the coil is 
to be wound has a diameter of one inch and is 
long enough to accommodate a coil length of 1 
inches. Then a = 1, b = 1.25, and L = 10. 
Substituting, 

N (3 X 1) (9 X 1.25)  
X 10 

0.2 X 12 

14.25 
X 10 = 

0.2 

= 26.6 turns. 

A 27-turn coil would be close enough to the re-
quired value of inductance, in practical work. 

Fig. 2-12 — Coil dimensions 
used in the inductance 
formula. 

Since the coil will be 1.25 inches long, the num-
ber of turns per inch will be 27/1.25 = 21.8. 
Consulting the wire table, we find that No. 18 
enameled wire (or any smaller size) can be used. 
We obtain the proper inductance by winding the 
required number of turns on the form and then 
adjusting the spacing between the turns to make 
a uniformly-spaced coil 1.25 inches long. 

Every conductor has inductance, even though 
the conductor is not formed into a coil. The 
inductance of a short length of straight wire 
is small — but it may not be negligible, because 
if the current through it changes its intensity 
rapidly enough the induced voltage may be 
appreciable. This will be the case in even a few 
inches of wire when an alternating current having 
a frequency of the order of 100 Mc. is flowing. 
However, at much lower frequencies the induc-
tance of the same wire could be left out of any 
calculations because the induced voltage would 
be negligibly small. 

• IRON-CORE COILS 
Permeability 

Suppose that the coil in Fig. 2-13 is wound on 
an iron core having a cross-sectional area of 2 
square inches. When a certain current is sent 
through the coil it is found that there are 80,000 
lines of force in the core. Since the area is 2 

Fig. 2-13 — Typical construe. 
lion of an iron-core coil. The 
small air gap prevents magnetic 
saturation of the iron and in-
creases the inductance at high 
currents. 

square inches, the flux density is 40,000 lines per 
square inch. Now suppose that the iron core is 
removed and the same current is maintained in 
the coil, and that the flux density without the 
iron core is found to be 50 lines per square inch. 
The ratio of the flux density with the given core 
material to the flux density (with the same coil 
and same current) with an air core is called the 
permeability of the material. In this case the 
permeability of the iron is 40,000/50 = 800. 
The inductance of the coil is increased 800 times 
by inserting the iron core, therefore. 
The permeability of a magnetic material varies 

with the flux density. At low flux densities (or 
with an air core) increasing the current through 
the coil will cause a proportionate increase in flux, 
but at very high flux densities, increasing the 
current may cause no appreciable change in the 
flux. When this is so, the iron is said to be satu-
rated. "Saturation" causes a rapid decrease in 
permeability, because it decreases the ratio of 
flux lines to those obtainable with the same cur-
rent and an air core. Obviously, the inductance 
of an iron-core coil is highly dependent upon 
the current flowing in the coil. In an air-core 
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coil, the inductance is independent of current 
because air does not "saturate." 

In amateur work, imn-core coils such as the 
one sketched in Fig. 2-13 are used chiefly in 
power-supply equipment. They usually have 
direct current flowing through the winding, 
and the variation in inductance with current 
is usually undesirable. It may be overcome by 
keeping the flux density below the saturation 
point of the iron. This is done by cutting the 
core so that there is a small "air gap," as indi-
cated by the dashed lines. The magnetic "re-
sistance" introduced by such a gap is so large 
— even though the gap is only a small fraction 
of an inch — compared with that of the iron 
that the gap, rather than the iron, controls the 
flux density. This naturally reduces the induc-
tance compared to what it would be without 
the air gap but the inductance is practically 
constant regardless of the value of the current. 

Eddy Currents and Hysteresis 

When alternatng current flows through a 
coil wound on an iron core an e.m.f. will be in-
duced, as previousliy explained, and since iron is a 
conductor a current will flow ill the core. Such 
eurrents (called eddy currents) represent a waste 
of power because they flow through the resist-
jouie of the iron and thus cause heating. Eddy-
current losses call be reduced by laminating 
the core; that is, by cutting it into thin strips. 
These strips or laminations must be insulated 
from each other by painting them with sonic 
insulating material such as varnish or shellac. 
There is also another type of energy loss in 

an iron core: the iron tends to resist any change 
in its magnetic state, so a rapidly-changing 
current such as a.c. is torced continually to 
supply energy to the iron to overcome this 
"inertia." Losses of this sort are called hysteresis 
losses. 
Eddy-current and hysteresis losses in iron 

increase rapidly as the frequency of the alter-
nating current is increased. For this reason, we 
can use ordinary iron cores only at power and 
audio frequencies — up to, say, 15,000 cycles. 
Even so, a very good grade or iron or steel is 
necessary if the core is to perform well at the 
higher audio frequencies. Iron cotes of this 
type are completely useless at radio frequencies. 

For radio-frequency work, the losses in iron 
cores can be reduced to a satisfactory figure by 
grinding the iron into a powder and then mix-
ing it with a "binder" of insulating material 
in such a way that the individual iron particles 
are insulated from each other. By this means 
cores can be made that will function satisfactorily 
even through the v.h.f. range — that is, at fre-
quencies up to perhaps 100 Me. Because a large 
part of the magnetic path is through a nonmag-
netic material, the permeability of the iron is 
low compared with the values obtained at 
power-supply frequencies. The core is usually 
in the form of a "slug" or cylinder which fits 
inside the insulating form on which the coil is 
wound. Despite the fact that, with this construe-
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tion, the major portion of the magnetic path for 
the flux is in the air surrounding the coil, the 
slug is quite effective in increasing the coil 
inductance. By pushing the slug in and out of the 
coil the inductance can be varied over a consider-
able range. 

• INDUCTANCES IN SERIES AND 
PARALLEL 

When two or more inductance coils (or induc-
tors, as they are frequently called) are con-
nected in series (Fig. 2-14, left) the total induc-

Fig. 2-14— Induc-
tances in series and 
parallel. 

1.2 

L3 

tance is equal to the sum of the individual 
inductances, provided the coils are sufficiently 
separated so that no coil is in the magnetic field of 
another. That is, 

Ltatai = L1 + L2 ± L3 + L1 +   

If inductances are connected in parallel (Fig  
2-14, right), the totiq inductance is 

Ltotai = 
1 1 I 1 

-F -F   
/•2 L3 L4 

and for taa, inductances in parallel, 

L — Lib?  
1,1 + 1,2 

Thus the rules for combining inductances in 
series and parallel are the saine as for resist-
ances, if the coils are far enough apart. so that 
each is unaffected by another's magnetic field. 
When this is not so the formulas given above 
cannot be used. 

1 

• MUTUAL INDUCTANCE 
If two coil, : Ire arranged with their axes on 

the same lila, as shown in Fig. 2-15, a current 
sent through Coil 1 will cause a magnetic field 
which "cuts" Coil 2. Consequently, an e.m.f. 
will be induced in Coil 2 whenever the field 
strength is changing. This induced e.m.f. is 
similar to the e.m.f. of self-induction, but since 
it appears in the seemd coil because of current 
flowing in the first, it is a "mutual" effect and 
results from the mutual inductance between 
the two coils. 

If all the flux set up by one coil cuts all the turns 
of the other coil the mutual inductance has its 
maximum possible value. If only a small part 
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Fig. 2-15— Mutual inductance. \\ hit the switch, S, 
is closed current flows through coil \ 1, setting up a 
magnetic field that induces an e.m.f. in the turns of coil 
No. 2. 

of the flux set up by one coil cuts the turns of 
the other the mutual inductance is relatively 
small. Two coils having mutual' inductance are 
said to be coupled. 

29 
The ratio of actual mutual inductance to thè 

maximum possible value that could theoretieaV 
he obtained with two given coils is called the 
coefficient of coupling between the coils. Coil 
that have nearly the maximum possible mutual 
inductance are said to be closely, or tightly, 
coupled, but if the mutual inductance is rela-
tively small the coils are said to be loosely 
coupled. The degree of coupling depends upon 
the physical spacing between the coils and how 
they are placed with respect to each other. 
Maximum coupling exists when they have a 
common axis and are as close together as possible 
(one wound over the other). The coupling is least 
when the coils are far apart or are placed so their 
axes are at right angles. 
The maximum possible coefficient of cou-

pling is closely approached only when the two 
coils are wound on a closed iron core. The co-
efficient with air-core coils may run as high as 
0.6 or 0.7 if one coil is wound over the other, 
but will be much less if the two coils are separated. 

Time Constant 
Capacitance and Resistance 

In Fig. 2-16A a battery having an e.m.f., 
E, a switch, S, a resistor, R, and condenser, C, 
are connected in series. Suppose for the moment 
that It is short-circuited and that there is no 
other resistance in the circuit. If S is now closed, 
condenser C will charge instantly to the 1 tory 
voltage; that is, the electrons that constitute 
the charge redistribute themselves in a time 
interval so small that it can be considered to 
be zero. For just this instant, therefore, a very 
large current flows in the circuit, because all the 
electricity needed to charge the condenser has 
moved from the battery to the condenser at an 
extremely high rate. 
When the resistance R is put into the circuit 

the condenser no longer can be charged instan-
taneously. If the battery e.m.f. is 100 volts, 
for example, and J? is 10 ohms, the maximum cur-
rent that can flow is 10 amperes, and even this 
much can flow only at the instant the switch is 

closed. But as soon as any current flows, con-
denser C begins to acquire a charge, which means 
that the voltage between the condenser plates 
rises. Since the upper plate (in Fig. 2-16A) will be 
positive and the lower negative, the voltage on 
the condenser tries to send a current through the 
circuit in the opposite direction to the current 
from the battery. Immediately after the switch 
is closed, therefore, the current drops below its 
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Fig. 2-16 — Schematics illustrating the time constant of 
an RC circuit. 

HuIlaI Ohm's Law value, and as the condenser 
continues to acquire charge and its potential or 
e.m.f. rises. the current becomes smaller and 
smaller. 
The length of time required to complete the 

charging process depends upon the capacitance 
of the condenser and the resistance in the cir-
cuit. Theoretically, the charging process is never 
really finished, but eventually the current drops 
to a value that is smaller than anything that can 
be measured. The time constant of such a circuit 
is the length of time, in seconds, required for 
the voltage across the condenser to reach e 
lu" cent of the applied e.m.f. (this figure is 
chosen for mathematical reasons). The voltage 
across the condenser rises logarithmically, as 
shown by Fig. 2-17. 

The formula for time constant is 

T = CR 

where 7' Time constant in seconds 
C = Capacitance in farads 
R = Resistance in ohms 

If C is in microfarads and 1? in megohms, the 
time constant also is in seconds. These units 
usually are more convenient. 

Example: The time constant of a 2-afd. con-
denser and a 250,000-ohm resistor is 

T CH = 2 X 0.25 -= 0.5 second 

If the applied e.m.f. is 1000 volts, the voltage 
across the condenser plates will be 830 volts at 
the end of h second. 

If a charged condenser is discharged through 
a resistor, as indicated in Fig. 2-16B, the same 
time constant applies. If there were no resistance, 
the condenser would discharge instantly when 
S was closed. However, since R limits the current 
flow the condenser voltage cannot instantly go 
to zero, but it will decrease just as rapidly as 
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Fig. 2- 7 — glow the voltage across a condenser rises, 
with ti ne, when a condenser is charged through a re-
sistor. The lower curve shows the way in which the 
voltage decreases across the condenser terminals on 
discharging through the same resistor. 

the condenser can rid itself of its charge through 
R. When the condenser is discharging through a 
resistance, the time constant (calculated in the 
same way as above) is the time, in seconds, that 
it takes for the condenser to lose 63 per cent of its 
voltage; that is, for the voltage to drop to 37 
per cent of its initial value. 

Example: If the condenser of the example 
above is charged to 1000 volts, it will discharge 
to 370 volts in ;¡ second through the 250,000-
ohm resistor. 

Inductance and Resistance 

A comparable situation exists when resist-
ance and inductance are in series. In Fig. 2-18, 
first consider L to have no resistance and also 
assume that R is zero. Then closing S would tend 
to send a current through the circuit. However, 
the instantaneous transition from no current 
to a finite value, however small, represents a very 
rapid change in current, and a back e.m.f. is 
developed by the self-inductance of L that is 
practically equal and opposite to the applied 
e.m.f. The result is that the initial current is very 
small. 
The back e.m.f. depends upon the change 

in current and would cease to offer opposition 
if the current did not continue to increase. With 
no resistance in the circuit (which would lead 
to an infinitely-large current, by Ohm's Law) 
the current would increase forever, always 
growing just fast enough to keep the e.m.f. 
of self-induction equal to the applied e.m.f. 
When resistance is in series, Ohm's Law sets 

a limit to the value that the current can reach. 
In such a circuit the current is small at first, 
just as in the case without resistance. But as 
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the current increases the voltage drop across R 
becomes larger. The back e.m.f. generated in L 
has only to equal the difference between E and 
the drop across R, because that difference is 
the voltage actually applied to L. This difference 
becomes smaller as the current approaches the 
final Ohm's Law value. Theoretically, the hack 
e.m.f. never quite disappears (that is, the current 
never quite reaches the Ohm's Law value) 
but practically it becomes unmeasurable after 
a time. The difference between the actual cur-
rent and the Ohm's Law value also becomes 
undetectable. The time constant of an inductive 
circuit is the time in seconds required for the 
current to reach 63 per cent of its final value. The 
formula is 

T = L 

where T = Time constant in seconds 
L = Inductance in henrys 
R = Resistance in ohms 

The resistance of the wire in a coil acts as 
though it were in series with the inductance. 

Example: A coil having an inductance of 20 
henrys and a resistance of 100 ohms has a time 
constant of 

L 20 
T = — = — = 0.2 second 

R 100 

if there is no other resistance in the circuit. If a 
d.c. e.m.f. of 10 volts is applied to such a coil, 
the final current. by Ohm's Law, is 

E 10 
I = --= — = 0.1 amp. or 100 ma. 

It 100 

The current would rise from zero to 63 milliam-
peres in 0.2 second after closing the switch. 

An inductor cannot be discharged in the 
same way as a condenser, because the mag-
netic field disappears as soon as current flow 
ceases. Opening S does not leave the inductor 

Fig. 2-18 — Time constant of an LR circuit. 

"charged." The energy stored in the magnetic 
field instantly returns to the circuit when S 
is opened. The rapid disappearance of the 
field causes a very large voltage to be induced 
in the coil — ordinarily many times larger than 
the voltage applied, because the induced voltage 
is proportional to the speed with which the field 
changes. The common result of opening the 
switch in a circuit such as the one shown is that 
a spark or arc forms at the switch contacts at the 
instant of opening. If the inductance is large and 
the current in the circuit is high, a great deal of 
energy is released in a very short period of time. 
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It is not at all unusual for the switch contacts to 
burn or melt under such circumstances. 
Time constants play an important part in 

numerous devices, such as electronic keys, timing 

and control circuits, and shaping of keying charac-
teristics by vacuum tubes. The time constants of 
circuits are also important in such applications 
as automatic gain control and noise limiters. 

Alternating Currents 

• PHASE 
The terni phase essentially means "time," or 

the time interval between the instant when one 
thing occurs and the instant when a second re-
lated thing takes place. When a baseball pitcher 
throws the ball to the catcher there is a definite 
interval, represented by the time of flight of the 
ball, between the act of throwing and the act 
of catching. The throwing and catching are "out 
of phase" because they do not occur at exactly 
the same time. 

I Cycle 

80' 70' 

¡Cycle 

Fig. 2-19 — An a.c. cycle is divided off into 360 degrees 
that are used as a measure of time or phase. 

Simply saying that two events are out of phase 
does not tell us which one occurred first. To give 
this information, the later event is said to lag the 
earlier, while the one that occurs first is said to 
lead. Thus, throwing the ball "leads" the catch, 
or the catch "lags" the throw. 

In a.c. circuits the current amplitude changes 
continuously, so the concept of phase or time 
becomes important. Phase can be measured in 
the ordinary time units, such as the second, but 
there is a more convenient method: Since each 
a.c. cycle occupies exactly the same amount of 
time as every other cycle of the same frequency, 
we can use the cycle itself as the time unit. Using 
the cycle as the time unit makes the specification 
or measurement of phase independent of the fre-
quency of the current, so long as only one fre-
quency is under consideration at a time. If there 
are two or more frequencies, the measurement 
of phase has to be modified just as the measure-
ments of two lengths must be reconciled if one 
is given in feet and the other in meters. 
The time interval or "phase difference" under 

consideration usually will be less than one cycle. 
Phase difference could be measured in decimal 
parts of a cycle, but it is more convenient to di-
vide the cycle into 360 parts or degrees. A phase 
degree is therefore 1/360 of a cycle. The reason for 
this choice is that with sine-wave alternating 
current the value of the current at any instant is 
proportional to the sine of the angle that corr& 
sponds to the number of degrees — that is, length 

of time - floin the instant the cycle began. 
There is no actual "angle" associated with an 
alternating current. Fig. 2-19 should help make 
this method of measurement clear. 

Measuring Phase 

To compare the phase of two currents of the 
same frequency, we measure between correspond-
ing parts of cycles of the two currents. This is 
shown in Fig. 2-20. The current labeled A leads 
the one marked B by 45 degrees, since A's cycles 
begin 45 degrees sooner in time. It is equally cor-
rect to say that B lags A by 45 degrees. 
Two important special cases are shown in 

Fig. 2-21. In the upper drawing B lags 90 de-
grees behind A; that is, its cycle begins just one-- 
quarter cycle later than that of A. When one wave 
is passing through zero, the other is just at its 
maximum point. 

In the lower drawing A and B are 180 degrees 
out of phase. In this case it does not matter 
which one is to lead or lag. B is always positive 
while A is negative, and vice versa. The two 
waves are thus completely out of phase. 
The waves shown in Figs. 2-20 and 2-21 could 

represent current, voltage, or both. A and B 
might be two currents in separate circuits, or A 
might represent voltage while B represented 
current in the same circuit. If A and B represent 
two currents in the same circuit (or two voltages 
in the same circuit) the total or resultant current 
(or voltage) also is a sine wave, because adding 
any number of sine waves of the same frequency 
always gives a sine wave also of the same fre-
quency. 

Phase in Resistive Circuits 

When an alternating voltage is applied to a 
resistance, the current flows exactly in step with 
the voltage. In other words, the voltage and cur-
rent are in phase. This is true at any frequency 
if the resistance is "pure" — that is, is free from 
the reactive effects discussed in the next section. 
Practically, it is often difficult to obtain a purely 

Fig. 2-20 — When two waves of the same frequency 
start their cycles at slightly different times, the time 
difference or phase difference is measured in degrees. In 
this drawing wave B starts 45 degrees (one-eighth 
cycle) later than wave A, and so lags 45 degrees behind A. 



32 CHAPTER 2 

(Cycle) 

Fig. 2-21— Two important special cases of phase dif-
ference. In the upper drawing, the phase difference be-
tween A and It is 90 degrees; in the lower drawing the 
phase difference is 180 degrees. 

resistive circuit at radio frequencies, because the 
reactive effects become more pronounced as the 
frequency is increased. 

In a purely resistive circuit, or for purely re-
sistive parts of circuits, Ohm's Law is just as 
\.;tiiI for a.c. of any frequency as it is for d.c. 

le REACTANCE 

Alternating Current in Condensers 

Suppose a sine-wave a.c. voltage is applied 
to a condenser in a circuit containing no resist-
ance, as indicated in Fig. 2-22. In the period ()A, 
the applied voltage increases from zero to 38 
volts; at the end of this period the condenser is 
charged to that voltage. In interval AB the volt-
age increases to 71 volts; that is, 33 volts ad-
ditional. In this interval a smaller quantity 
of charge has been added than in OA, because 
the voltage rise during interval A B is smaller. 
Consequently the average current during A B 
is smaller than (luring OA. In the third in-
terval, BC, the voltage rises from 71 to 92 
volts, an increase of 21 volts. This is less than 
the voltage increase during A B, so the quan-
tity of electricity added is less; in other words, 
the average current during interval BC is still 
smaller. In the fourth interval, CD, the volt-
age increases only 8 volts; the charge added 
is smaller than in any preceding interval and 
therefore the current also is smaller. 
Thus as the instantaneous value of the ap-

plied voltage increases the current decreases. 
By dividing the first quarter cycle into a very 

large number of intervals it could be shown that 
the current charging the condenser has the shape 
of a sine wave, just as the applied voltage does. 
The current is largest at the beginning of the 
cycle and becomes zero at the maximum value 
of the voltage (the condenser cannot be charged 
to a higher voltage than the maximum applied, 
so no further current can flow) so there is a phase 
difference of 90 degrees between the voltage and 
current. During the first quarter cycle of the 
applied voltage the current is flowing in the nor-

I 

mal way through the circuit, since the condenser 
is being charged. Hence the current is positive 
during this first quarter cycle, as indicated by the 
dashed line in Fig. 2-22. 

In the second quarter cycle — that is, in the 
time from D to H, the voltage applied to the con-
denser decreases. During this time the condenser 
loses the charge it acquired during the first quar-
ter cycle. Applying the same reasoning, it is plain 
that the current is small in interval DE and con-
tinues to increase during each succeeding interval. 
However, the current is flowing against the ap-
plied voltage because the condenser is discharging 
into the circuit. Hence the current is negative dur-
ing this quarter cycle. 
The third and fourth quarter cycles repeat 

the events of the first and second, respectively, 
with this difference — the polarity of the applied 
voltage has reversed, and the current changes 
to correspond. In other words, an alternating 
current .Iloirs "through" a condenser when an a.c. 
voltage is applied to il. (Actually, current never 
flows "through" a condenser. It flows in the asso-
ciated circuit because of the alternate charging 
and discharging of the capacitance.) As shown 
by Fig. 2-22, the current starts its cycle 90 de-
grees before the voltage, so the current in a con-
denser leads the applied voltage by 90 degrees. 

Capacitive Reactance 

The amount of charge that is alternately stored 
in and released from the condenser is proportional 
to the applied voltage and the capacitance. Con-
sequently, the current in the circuit will be pro-
portional to both these quantities, since current 
is simply the rate at which charge is moved. The 
current also will be proportional to the frequency 

Current 
‘V 

Fig. 2-22— Voltage and et rrent phase relationships when an 
alternating voltage is applied to a condenser. 

of the a.c. voltage, because the same charge is 
being moved back and forth at a rate that is 
proportional to the number of cycles per second. 
The fact that the current is proportional to the 

applied voltage is important, because it is the 
same thing that Ohm's Law says about current 
flow in a resistive circuit. That being the case, 
there must be something in the condenser that 
corresponds in a general way to resistance — 
something that tends to limit the current that can 
flow when a given voltage is applied. The "some-
thing" clearly must include the effect of capaci-
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tance and frequency, since these also affect the 
amount of current that flows. It ki called re-
actance, and its relationship to capacitance and 
frequency is given by the formula 

Xc = 
271-fe 

where Xe = Condenser reactance in ohms 
f = Frequency in cycles per second 
C = Capacitance in farads 
= 3.14 

Reactance and resistance are not the same 
thing, but because they have a similar current-
limiting effect the same unit, the ohm, is used for 
both. Unlike resistance, reactance does not con-
sume or dissipate power. The energy stored in the 
condenser in one quarter of the cycle is simply re-
turned to the circuit in the next. 
The fundamental units (cycles per second, 

farads) are too large for practical use in radio 
circuits. However, if the capacitance is in micro-
farads and the frequency is in megacycles, the 
reactance will come out in ohms in the formula. 

Example: The reactance of a condenser of 470 
add. (0.00047 afd.) at a frequency of 7150 kc. 
(7.15 Mc.) is 

1 

1  1  
X - — 47.4 ohms 

2.IC 6.28 X 7.15 X 0.00047 

Inductive Reactance 

When an alternating voltage is applied to a 
circuit containing only inductance, with no re-
sistance, the current always changes just rapidly 
enough to induce a back e.m.f. that equals 
and opposes the applied voltage. In Fig. 
2-23, the cycle is again divided off into 
equal intervals. Assuming that the current 
has a maximum value of 1 ampere, the in-
stantaneous current at the end of each in-
terval will be as shown. The value of the 
induced voltage is proportional to the rate 
at which the current changes. It is therefore 
greatest in the intervals OA and GH and 
least in the intervals CD and DE. The in-
duced voltage actually is a sine wave (if the 
current is a sine wave) as shown by the 
dashed curve. The applied voltage, because 
it is always equal to and opposed by the 
induced voltage, is equal to and 180 degrees 
out of phase with the induced voltage, as 
shown by the second dashed curve. The 
result, therefore, is that the current flowing 
in an inductance is 90 degrees out of phase 
with the applied voltage, and lags behind 
the applied voltage. This is just the opposite of 
the condenser case. 

Since the value of the induced e.m.f. is propor-
tional to the rate at which the current changes, 
a small current changing rapidly (that is, at a 
high frequency) can generate a large back e.m.f. 
in a given inductance just as well as a large cur-
rent changing slowly (low frequency). Conse-
quently, the current that flows through a given 
inductance will decrease as the frequency is 
raised, if the applied e.m.f. is held constant. Also, 
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wheti the applied voltage and frequency are fixed, 
the value of current required becomes less as the 
inductance is made larger, because the induced 
e.m.f. also is proportional to inductance. 
When the frequency and inductance are con-

stant but the applied e.m.f. is varied, the neces-
sary rate of current change (to induce the proper 
back e.m.f.) can be obtained only if the ampli-
tude of the current is directly proportional to the 
voltage. This is Ohm's Law again, and again the 
current-limiting effect is similar to, but not 
identical with, the effect of resistance. It is called 
inductive reactance and, like capacitive reactance, 
is measured in ohms. There is no energy loss in 
inductive reactance; the energy is stored in the 
magnetic field in one quarter cycle and then 
returned to the circuit in the next. 
The formula for inductive reactance is 

X L = 27r/L 

where X1, = Inductive reactance in ohms 
f = Frequency in cycles per second 
= Inductance in henrys 
= 3.14 

Example: The reactance of a coil having an 
inductance of 8 henrys, at a frequency of 120 
cycles, is 

XL = 2111. = 6.28 X 120 X 8 = 6029 ohms 
In radio-frequency circuits the inductance 

values usually are small and the frequencies are 
large. If the inductance is expressed in milli-
henrys and the frequency in kilocycles, the con-
version factors for the two units cancel, and the 
formula for reactance may be used without first 
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Fig. 2-23 — Phase relationships between voltage and current 
when an alternating voltage is applied to an inductance. 

converting to fundamental units. Similarly, no 
conversion is necessary if the inductance is in 
microhenrys and the frequency is in megacycles. 

Example: The reactance of a 15-microhenry 
coil at a frequency of 14 Me. is 

XL -= 2x.fL = 8.28 X 14 X 15 = 1319 ohms 

The resistance of the wire of which the coil is 
wound has no effect on the reactance, but simply 
acts as though it were a separate resistor con-
nected in series with the coil. 
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Ohm's Law for Reactance 

Ohm's Law for an a.c. circuit containing only 
reactance is 

where E = E.m.f. in volts 
I = Current in amperes 
X = Reactance in ohms 

The reactance may be either inductive 
capacitive. 

Example: If a current of 2 amperes is flowing 
through the condenser of the previous example 
(reactance = 47.4 ohms) at 7150 kc., the volt-
age drop across the condenser is 

E = IX = 2X 47.4 = 94.8 volts 

If .100 volts at 120 cycles is applied to the 8-
henry inductance of the previous example, the 
current through the coil will be 

E 400 
I = — — = 0.0663 amp. (66.3 nia.) 

X 6029 

or 

When the circuit consists of an inductance in 
series with a capacitance, the same current flows 
through both reactances. however, the voltage 
across the coil leads the current by 90 degrees, 
and the voltage across the condenser lags behind 
the current by 90 degrees. The coil and condenser 
voltages therefore are 180 degrees out of phase. 
A simple circuit of this type is showii in Fig. 

2-24. The same figure also shows the current 
(heavy line) and the voltage drops across the 
inductance (EL) and capacitance (Ec). It is 
assumed that XL is larger than Xe and so has a 
larger voltage drop. Since the two voltages are 
completely out of phase the total voltage (that is, 
the applied voltage EAc) is equal to the difference 
between them. This is shown in the drawiag as 
EL — E. Notice that, because EL it; larger than 
Ec, the resultant voltage is exactly in phase with 
EL. In other words, the circuit as a whole simply 
acts as though it owe an inductance — an induct-
ance of smaller value than the actual inductance 
present, since the effect of the actual inductive 
reactance is reduced by the capacitive reactance 
in series with it. If Xc is larger than XL, the ar-
rangement will behave like a capacitance — again 
of smaller reactance than the actual capacitive 
reactance present in the circuit. 
The "equivalent" or total reactance of any 

circuit containing inductive and capacitive re-
actances in series is equal to XL — Xc. If there 
are several coils and condensers in series, simply 
'add up all the inductive reactances, then add up 
all the capacitive reactances, and then subtract 
the latter from the former. It is customary to call 
inductive reactance "positive" and capacitive 
reactance "negative." If the equivalent or net re-
actance is positive, the voltage leads the current 
by 90 degrees; if the net reactance is negative, 
the voltage lags the current by 90 degrees. 

Fig. 2-24 — Current and voltages in a circuit having 
inductive and capacitive reactances in series. 

Reactive Power 

In Fig. 2-24 the voltage drop across the roil is 
larger than the voltage applied to the circuit. 
This might seem to be an impossible condition, 
but it is not; the explanation is that while energy 
is being stored in the coil's magnetic field, energy 
is being returned to the circuit from the condens-
er's electric field, and vice versa. This stored 
energy is responsible for the fact that the voltages 
across reactances in series can be larger than the 
voltage applied to them. 

In a resistance the flow of current causes heat-
ing and a power loss equal to /9R. The power in a 
reactance is equal to /2X, but is not a "loss"; 
it is simply pomer that. is transferred back and 
forth between the field and the circuit but not 
used up in heating anything. To distinguish this 
"nondissirated" power from the power which is 
actually consumed, the unit of reactive power is 
called the volt-ampere instead of the watt. Re-
active power is sometimes called "wattless" 
power. 

• IMPEDANCE 
The fact that resistance, inductive reactance 

and capacitive reactance all are measured in 
ohms does not indicate that they can be combined 
indiscriminately. Voltage and current are in 
phase in resistance, but differ in phase by a quar-
ter cycle ill reactance. In the simple circuit shown 

R•75 ohms 

Xcl00 ohms 

75(R) 

Fig. 2-2.5 — Resistance and inductive . reactance con-
nected in series. 

Ka u0 
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in Fig. 2-25, for example, it is not possible simply 
to add the resistance and reactunce together to 
obtain a quantity that will indicate the opposi-
tion offered by the combination to the flow of cur-
rent. Inasmuch as both resistance and reactance 
are present, the total effect can obviously be 
reither wholly one nor the other. In circuits con-
taining both reactance and resistance the oppo-
sition effect is called impedance (Z). The unit of 
impedance is also the ohm. 
The term "impedance" also is generalized to 

include any quantity that can be expressed as a 
ratio of voltage to current. Pure resistance and 
pum reactance are both included in "impedance" 
in this sense. A circuit with resistive impedance 
is either one with resistance alone or one in 
which the effects of any reactance present have 
been eliminated. Similarly, a reactive impedance 
is one having reactance only. A complex imped-
ance is one in which both resistance and reactance 
effects are observable. 

It can be shown that resistance and reactance 
can be combined in the same way that a right-
angled triangle is constructed, if the resistance 
is laid off to proper scale as the base of the tri-
angle and the reactance is laid off as the altitude 
to the same scale. This is also indicated in Fig. 
2-25. When this is done the hypotenuse of the 
triangle represents the impedance of the circuit, 

Z. 

Fig. 2-26— Re-
sistance and ea-

R2+Xe pacitive react-
ance in series. 

to the same scale, and the angle between Z and R 
(usually called O and so indicated in the drawing) 
is equal to the phase angle between the applied 
e.m.f. and the current. By geometry, 

z = .,/R2 ± X2 

In the case shown in the drawing, 

Z = V(75)2 ± ( 100)2 = V15,625 = 125 ohms. 
The phase angle can be found from simple trig-

onometry. Its tangent is equal to X/R; in this 
case X , r R = 100,75 = 1.33. From trigonometric 
tables it can be determined that the angle having 
a tangent equal to 1.33 is approximately 53 de-
grees. In ordinary amateur work it is seldom 
necessary to give much consideration to the phase 
angle. 
A circuit containing resistance and capacitance 

in series (Fig. 2-26) can be treated in the same 
way. The difference is that in this case the current 
leads the applied e.m.f., while in the resistance-
inductance case it lags behind the voltage. 

If either X or R is small compared with the 
other (say. 1/10 or less) the impedance is very 
nearly equal to the larger of the two quantities. 
For example, if R = 1 ohm and X = 10 ohms, 

z = VR2 2c2 = N/•- • 2 (1) ± ( 10)2 

= N/101 = 10.05 ohms. 
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Hence if either X or R is at least 10 times as large 
as the other, the error in assuming that the im-
pedance is equal to the larger of the two will not 
exceed of 1 per cent, which is usually negligible. 

Since one of the components of impedance is 
reactance, and since the reactance of a given coil 
or condenser changes with the applied frequency, 
impedance also changes with frequency. The 
change in impedance as the frequency is changed 
may be very slow if the resistance is considerably 
larger than the reactance. However, if the im-
pedance is mostly reactance a change in frequency 
will cause the impedance to change practically 
as rapidly as the reactance itself changes. 

Ohm's Law for Impedance 

Ohm's Law can be applied to circuits contain-
ing impedance just as readily as to circuits having 
resistance or reactance only. The formulas are 

/ = 

E = ¡Z 

Z = E—  

where E = E.m.f. in volts 
I = Current in amperes 
Z = Impedance in ohms 

Example: Assume that the e.m.f. applied to 
the circuit of Fig. 2-25 is 250 volts. Then 

E 250 
= — — = 2 amperes. 
2 125 ' 

The same current is flowing in both R and XL, 
and Ohm's Law as applied to either of these 
quantities says that the voltage drop across it 
should equal IR and the voltage drop across XL 
should equal /XL. Substituting. 

Ea = Iii = 2 X 75 = 150 volts 
ExL = /XL = 2 X 100 = 200 volts 

The arithmetical sum of these voltages is greater 
than the applied voltage. However, the actual 
sum of the two when the phase relationship is 
taken into account is equal to 250 volts rois., as 
shown by Fig. 2-27, where the instantaneous 
values are added throughout the cycle. When-
ever resistance and reactance are in series, the 
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Fig. 2-27 — Voltage drops around the circuit of Fig. 
2-25. Because of the phase relationships, the applied 
voltage is less than the arithmetical sum of the drops 
across the resistor and inductor. 
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individual voltage drops always add up, arith• 
tactically, to more than the applied voltage. 
There is nothing fictitious about these voltage 
drops; they can be measured readily by suitable 
instruments. It is simply an illustration of the 
importance of phase in a.c. circuits. 

A more complex series circuit, containing re-
sistance, inductive reactance and capacitive re-
actance, is shown in Fig. 2-28. In this ca.se it is 
necessary to take into account the fact that the 
phase angles between current and voltage differ 

R2scx,:xo2 

Fig. 2-28— Resistance, inductive reactance, and ca-
pacitive reactance in series. 

in all three elements. Since it is a series circuit, 
the current is the same throughout. Considering 
first just the inductance and capacitance and 
neglecting the resistance, the net reactance is 

XL — Xc = 150 — 50 = 100 ohms (inductive) 

Thus the impedance of a circuit containing re-
sistance, inductance and capacitance in series is 

Z = VR2 ± (X L _ .xe)2 

Example: In the circuit of Fig. 2-28, the im-
pedance is 

Z VR2 + (XL — Xc)2 

= (20)2 + ( 150 — 50)2 = V(20) 2 + ( 100)2 

= ‘,10,-100 = 102 ohms 

The phase angle can be found from X/R, where 
X = XL — 

Parallel Circuits 

Suppose that a resistor, condenser and coil are 
connected in parallel as shown in Fig. 2-29 and 
an a.c. voltage is applied to the combination. In 
any one branch, the current will he unchanged 
if one or both of the other two branches is dis-
connected, so long as the applied voltage re-
mains unchanged. Hence the current in each 
branch can be calculated quite simply by the 
Ohm's Law formulas given in the preceding 
sections. The total current, I, is the sum of the 
currents through all three branches — not the 
arithmetical sum, but the sum when phase is 
taken into account. 

Fig. 2-29 — lesistance, inductance and capacitance in 
parallel. Instruments connected as shown will read the 
total current, /, and the individual currents in the three 
branches of the circuit. 
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The currents through the various branches 
will be as shown in Fig. 240, assuming for pur-
poses of illustration that XL is smaller than Xc 
and that Xe is smaller than R, thus making IL 
larger than le, and /c larger than I. The cur-
rent through C leads the voltage by 90 degrees 
and the current through L lags the voltage by 90 
degrees, so these two currents are 180 degrees 
out of phase. As shown at E, the total reactive 
current is the difference between ./c and /L. This 
resultant current lags the voltage by 90 degrees, 
because IL is larger than /c. When the reactive 
current is added to IR, the total current, I, is as 
shown at F. It can be seen that / lags the applied 
voltage by an angle smaller than 90 degrees and 
that the total current, while less than the simple 
sum (neglecting phase) of the three branch cur-
rents, is larger than the current through R alone. 
The impedance looking into the parallel circuit 

from the source of voltage is equal to the applied 

ESC 

(A) 

(B) 
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(D) 

IL* ic 
(E) 

(F) 

Fig. 2-30 — Phase rela ionships between branch cur. 
rents and applied voltage for he circuit of Fig. 2-29. 
The total current through L am C in parallel (IL A- /c 
and the total current in the e itire circuit (I) also are 
shown. 

voltage divided by the total or line current, I. 
In the case illustrated, I is greater than IR, so 
the impedance of the circuit is less than the re-
sistance of R. 1 low much less depends upon the 
net reactive current flowing through L and C in 
parallel. If XL and Xc are very nearly equal the 
net reactive current will be quite small because 
it is equal to the difference between two nearly 
equal currents. In such a case the impedance of 
the circuit will be almost the same as the re-
sistance of R alone. On the other hand, if XL and 
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Xe are quite different the net icactive current 
can be relatively large and the total current also 
will be appreciably larger than /a. In such a 
case the circuit impedance will be lower than the 
resistance of alone. 

Power Factor 

In the circuit of Fig. 2-25 an applied e.m.f. 
of 250 volts results in a current of 2 amperes. 
If the circuit were purely resistive (containing 
no reactance) this would mean a power dissipa-
tion of 250 X 2 = 500 watts. However, the cir-
cuit actually consists of resistance and reactance, 
and only the resistance consumes power. The 
power in the resistance is 

I2R (2)2 X 75 = 300 watts 

The ratio of the power consumed to the apparent 
power is called the power factor of the circuit, 
and in the case used as an example would be 
300. 500 = 0.6. Power factor is frequently ex-
pressed as a percentage; in this case, the power 
factor would be 60 per cent. 

"Real" or dissipated power is measured in 
watts; apparent power, to distinguish it from 
real power, is measured in volt-amperes (just 
like the "wattless" power in a reactance). It is 
simply the product of volts and amperes and has 
no direct relationship to the power actually used 
up or dissipated unless the power factor of the 
circuit is known. The power factor of a purely 
resistive circuit is 100 per cent or 1, while the 
power factor of a pure reactance is zero. In this 
illustration, the reactive power is 

VA (volt-amperes) = /2X = (2)2 X 100 
= 400 volt-amperes. 

Complex Waves 

It was pointed out early in this chapter that a 
complex wave (a "nonsinusoidal" wave) can be 
resolved into a fundamental frequency and a 
series of harmonic frequencies. When such a com-
plex voltage wave is applied to a circuit contain-
ing reactance, the current through the circuit will 
not have the same waveshape as the applied 
voltage. This is because the reactance of a coil 
and condenser depend upon the applied fre-
quency. For the second-harmonic component of a 
complex wave, the reactance of the coil is twice 
and the reactance of the condenser one-half their 
values at the fundamental frequency; for the 
third harmonic the coil reactance is three times 
and the condenser reactance one-third, and so on. 

Just what happens to the current waveshape 
depends upon the values of resistance and react-
ance involved and how the circuit is arranged. 
In a simple circuit with resistance and inductive 
reactance in series, the amplitudes of the har-
monies will be reduced because the inductive 
reactance increases in proportion to frequency. 
When a condenser and resistance are in series, 
the harmonic current is likely to be accentuated 
because the condenser reactance becomes lower 
as the frequency is raised. When both inductive 
and capacitive reactance are present the shape 
of the current wave can be altered in a variety 
of ways, depending upon the circuit and the 
"constants," or values of L, C and R, selected. 
This property of nonuniform behavior with 

respect to fundamental and harmonics is an ex-
tremely useful one. It is the basis of "filtering," 
or the suppression of undesired frequencies in 
favor of a single desired frequency or group of 
such frequencies. 

Transformers 
Two coils having mutual inductance constitute 

a transformer. The coil connected to the source 
of energy is called the primary coil, and the other 
is called the secondary coil. 
The usefulness of the transformer lies in the 

fact that electrical energy can be transferred 
from one circuit to another without direct con-
nection, and in the process can be readily changed 
from one voltage level to another. Thus, if a de-
vice to be operated requires, for example, 115 
volts and only a 440-volt source is available, a 
transformer can be used to change the source 
voltage to that required. A transformer can be 
used only with a.c., since no voltage will be in-
duced in the secondary if the magnetic field is not 
changing. If d.c. is applied to the primary of a 
transformer, a voltage will be induced in the 
secondary only at the instant of closing or open-
ing the primary circuit, since it is only at these 
times that the field is changing. 

The Iron-Core Transformer 

As shown in Fig. 2-31, the primary and second-
ary coils of a transformer may be wound on a core 
of magnetic material. This increases the induct-
ance of the coils so that a relatively small number 

of turns may be used to induce a given value of 
voltage with a small current. A closed core (one 
having a continuous magnetic path) such as that 
shown in Fig. 2-31 also tends to insure that prac-
tically all of the field set up by the current in the 
primary coil will cut the turns of the secondary 
coil. However, the core introduces a power loss 
because of hysteresis and eddy currents so this 
type of construction is practicable only at power 
and audio frequencies. The discussion in this sec-
tion is confined to transformers operating at such 
frequencies. • 

3 secondary 
3 E 
SYm BOLS 

Fig. 2-31 — The transformer. Power is transferred from 
the primary coil to the secondary by means of the mag-
netic field. The upper symbol at right indicates an iron-
core transformer, the lower one an air-core transformer. 
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Voltage and Turns Ratio 

For a given varying magnetic field, the voltage 
induced in a coil in the field will be proportional 
to the number of turns on the coil. If the two 
coils of a transformer are in the same field (which 
is the case n hen both are wound on the same 
closed core) it follows that the induced voltages 
will be proportional to the number of turns on 
each coil. In the primary the induced voltage is 
practically equal to, and opposes, the applied 
voltage. Hence, 

E. = -n° E„ 
n„ 

where E. = Secondary voltage 
E„ = Primary applied voltage 
n. = Number of turns on secondary 
n„ = Number of turns on primary 

The ratio n,/ op is called the turns ratio of the 
transformer. 

Example: A transformer has a primary of 400 
turns and a secondary of 2800 turns, and 115 
volts is applied to the primary. The secondary 
voltage will be 

E. = E,, = 2-84° X 115 = 7 X 115 
400 

= 805 volts 

Also, if 805 volts is applied to the 2800-turn 
winding (which then becomes the primary) the 
output voltage from the 400-turn winding will 
be 115 volts. 

Either winding of a transformer can be used 
as the primary, proriding the winding has 
enough turns (enough inductance) to induce a 
voltage equal to the applied voltage without 
requiring an excessive current flow. 

Effect of Secondary Current 

The current that flows in the primary when no 
current is taken from the secondary is called the 
magnetizing current of the transformer. In any 
properly-designed transformer the primary in-
ductance will be so large that the magnetizing 
current will be quite small. The power consumed 
by the transformer when the secondary is "open" 
— that is, not delivering power— is only the 
amount necessary to supply the losses in the iron 
core and in the resistance of the wire of which the 
primary is wound. 
When power is taken from the secondary wind-

ing, the secondary current sets up a magnetic 
field that opposes the field set up by the primary 
current. But if the induced voltage in the primary 
is to equal the applied voltage, the original field 
must be maintained. Consequently, the primary 
must draw enough additional current to set up a 
field exactly equal and opposite to the field set up 
by the secondary current. 

In practical calculations on transformers it may 
be assumed that the entire primary current is 
caused by the secondary "load." This is justifiable 
because the magnetizing current should be very 
small in comparison. 

If the magnetic fields set up by the primary 
and secondary currents are to be equal, the 
primary current multiplied by the primary turns 

must equal the secondary current multiplied by 
the secondary turns. From this it follows that 

n„ 

where /, = Primary current 
I. = Secondary current 
n„ = Number of turns on primary 
n. = Number of turns on secondary 
Example: Suppose that the secondary of the 

transformer in the previous example is deliver-
ing a current of 0.2 ampere to a load. Then the 
primary current will be 

= !L'/. = 2-8°° X 0.2 = 7 X 0.2 = 1.4 amp. 
n,, 400 

Although the secondary cottage is higher than 
the primary voltage, the secondary current is 
lower than the primary current, and by the same 
ratio. 

Power Relationships; Efficiency 

A transformer cannot create power; it can only 
transfer and transform it. Hence, the power 
taken from the secondary cannot exceed that 
taken by the primary from the source of applied 
e.m.f. There is always some power loss in the 
resistance of the coils and in the iron core, so in all 
practical cases the power taken from the source 
will exceed that taken from the secondary. Thus, 

= nPi 

where P0 = Power output from secondary 
= Power input to primary 

n = Efficiency factor 

The efficiency, n, always is less than 1. It is usu-
ally expressed as a percentage; if n is 0.65, for 
instance, the efficiency is 65 per cent. 

Example: A transformer has an efficiency of 
85c¿ at its full-load output of 150 watts. The 
power input to the primary at full secondary 
load will be 

P„ 150 
P1 = — —= 176.5 watts 

n 0.85 

A transformer is usually designed to have its 
highest efficiency at the power output for which 
it is rated. The efficiency decreases with either 
lower or higher outputs. On the other hand, the 
losses in the transformer are relatively small at 
low output but increase as more power is taken. 
The amount of power that the transformer can 
handle is determined by its own losses, because 
these heat the wire and core and raise the operat-
ing temperature. There is a limit to the tempera-
ture rise that can be tolerated, because too-high 

Fig. 2-32 — The equivalent circuit of a transformer In-
cludes the effects of leakage inductance and resistance of 
both primary and secondary windings. The resistance 
Rc is an equivalent resistance representing the constant 
core losses. Since these are comparatively small, their ef-
fect may be neglected in many approximate calculations. 
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temperature either will melt the wire or cause 
the insulation to break down. A transformer al-
ways can be operated at reduced output, even 
though the efficiency is low, because the actual 
loss also ‘‘ ill be low under such conditions. 
The full-load efficiency of small power trans-

formers such as are used in radio receivers and 
transmitters usually lies between about 60 per 
cent and 90 per cent, depending upon the size and 
design. 

Leakage Reactance 

In a practical transformer not all of the mag-
netic flux is common to both windings, although 
in well-designed transformers the amount of flux 
that "cuts" one coil and not the other is only a 
small percentage of the total flux. This leakage 
flux causes an e.m.f. of self-induction; conse-
quently, there are small amounts of leakage in-
ductance associated with both windings of the 
transformer. Leakage inductance acts in exactly 
the same way as an equivalent amount of ordi-
nary inductance inserted in series n ith the circuit. 
It has, therefore, a certain reactance, depending 
upon the amount of leakage inductance and the 
frequency. This reactance is called leakage 
reactance. 

Current flowing through the leakage reactance 
causes a voltage drop. This voltage drop increases 
with increasing current, hence it increases as more 
power is taken from the secondary. Thus, the 
greater the secondary current, the smaller the 
secondary terminal voltage becomes. The resist-
ances of the transformer windings also cause 
voltage drops when current is flowing; although 
these voltage drops are not in phase with those 
caused by leakage reactance, together they result 
in a lower secondary voltage under load than is 
indicated by the turns ratio of the transformer. 
At power frequencies (60 cycles) the voltage at 

the secondary, with a reasonably well-designed 
transformer, should not drop more than about 10 
per cent from open-circuit conditions to full load. 
The drop in voltage may be considerably more 
than this in a transformer operating at audio fre-
quencies because the leakage reactance increases 
directly with the frequency. 

Impedance Ratio 

In an ideal transformer — one without losses 
or leakage reactance — the following relationship 
is true: 

where Z„ 

Za 

Z', Z.N2 
= Impedance looking into primary ter-
minals from source of power 
= Impedance of load connected to 
secondary 
= Turns ratio, primary to secondary 

That is, a load of any given impedance con-
nected to the secondary of the transformer will be 
transformed to a different value "looking into" 
the primary from the source of power. The im-
pedance transformation is proportional to the 
square of the primary-to-secondary turns ratio. 

39 
Example: A transformer has a primary-to-

secondary turns ratio of 0.6 (primary has 6/10 
as many turns as the secondary) and a load of 
3000 ohms is connected to the secondary. The 
impedance looking into the primary then will be 

= Z„N2 = 3000 X (0.6)2 = 3000 X 0.36 
= 1080 ohms 

By choosing the proper turns ratio, the im-
pedance of a fixed load can he transformed to any 
desired value, within practical limits. The trans-
formed or "reflected" impedance has the same 
phase angle as the actual load impedance; thus 
if the load is a pure resistance the load presented 
by the primary to the source of power also will be 
a pum resistance. 
The above relationship may be used in prac-

tical work even though it, is based on an "ideal" 
transformer. Aside from the normal design re-
quirements of reasonably low internal losses and 
low leakage reactance, the only requirement is 
that the primary have enough inductance to 
operate with low magnetizing current at the 
voltage applied to the primary. 
The primary impedance of a transformer — 

as it looks to the source of potier — is determined 
wholly by the load connected to the secondary 
and by the turns ratio. If the characteristics of 
the transformer have an appreciable effect on 
the impedance presented to the power source, 
the transformer is either poorly designed or is 
not suited to the voltage at which it is being used. 
Most transformers will operate quite well at 
voltages from slightly above to well below the 
design figure. 

Impedance Matching 

Many devices require a specific value of load 
resistance (or impedance) for optimum operation. 
The impedance of the actual load that is to 
dissipate the power may differ widely from this 
value, so a transformer is used to transform the 
actual load into an impedance of the desired 
value. This is called impedance matching. From 
the preceding, 

N = 

where N = Required turns ratio, secondary to 
primary 

Z. = Impedance of load connected to sec-
ondary 

Z„ = Impedance required 

Example: A vacuum-tube a.f. amplifier re-
quires a load of 5000 ohms for optimum per-
formanee, and is to be connected to a loud-
speaker having an impedance of 10 ohms. The 
turns ratio, secondary to primary, required in 
the coupling transformer is 

N-  _ .tF - _ 
zr NI 5000 Nf ma 22.4 

The primary therefore  t have 22.4 tintes as 
many turna as the secondary. 

Impedance matching means, in general, ad-
justing the load impedance — by means of a 
transformer or otherwise — to a desired value. 
However, there is also another meaning. It is 
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possible to show that any source of power ‘vill 
have its maximum possible output when the 
impedance of the load is equal to the internal 
impedance of the source. The impedance of the 
source is said to be "matched" under this con-
dition. The efficiency is only 50 per cent in such 
a case; just as much power is used up in the source 
as is delivered to the load. Because of the poor 
efficiency, this type of impedance matching is 
limited to cases where only a small amount of 
power is available. 

Transformer Construction 

Transformers usually are designed so that 
the magnetic path around the core is as short as 
possible. A short magnetic path means that the 
tinnsformer will operate with fewer turns, for a 
given applied voltage, than if the path were long. 
It also helps to reduce flux leakage and therefore 
minimizes leakage reactance. The number of 
turns required also is inversely proportional to 
the cross-sectional area of the core. 

LAMINAT:ON SHAPE 

CORE TYPE 

Fig. 2..'L — Two common types of transformer construc-
tion. Core pieces are interleaved to provide a continu-
ous magnetic path with as low reluctance as possible. 

Two core shapes are in common use, as shown 
in Fig. 2-33. In the shell type both windings are 
placed on the inner leg, while in the core type 
the primary and secondary windings may be 
placed on separate legs, if desired. This is some-
times done when it is necessary to minimize 
capacity effects between the primary and second-
ary, or when one of the windings must operate 
at very high voltage. 

Core material for small transformers is usually 
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silicon steel, called "transfors • r I II." The core 
is built up of laminations, in›111;,tud from each 
other (by a thin coating of shellac, for example) 
to prevent the flow of eddy currents. The lami-
nations overlap at the ends to make the mageetic 
path as ciintinuous its possible and thus lettuce 
flux leakage. 

/ron Core 

Load 

Fig. 2.34 — The autotrans-
former is based on the trans-
former principle, but uses 
only one S,inding. The line 

Liu and load eurrent. in the 
(o eeeee hiding ) Hon in 
oppo-i direct'  , so that 
the resultant current is the 
difference between them. 
The voltage across A is pro. 
port' al to the turns ratio. 

The number of turns required on the primary 
for a given applied e.m.f. is determined by the 
size, shape and type of core material used, and 
the frequency. As a rough indication, windings 
of small power transformers frequently have 
about six to eight turns per volt on a core of 1-
square-inch cross section and have a magnetic 
path 10 or 12 inches in length. A longer path or 
smaller cross section requires more turns per volt, 
and vice versa. 

In most transformers the coils are wound in 
layers, nith a thin sheet of paper insulation be-
tween each layer. Thicker insulation is used be-
tween coils and between coils and core. 

Autotransformers 

The transformer principle can be utilized with 
only one winding instead of two, as shown in 
Fig. 2-34; the principles just discussed apply 
equally well. A one-winding transformer is called 
an autotransformer. The current in the common 
section (A) of the winding is the difference be-
tween the line (primary) and the load (secondary) 
currents, since these currents are out of phase. 
hence if the line and load currents are nearly 
equal the common section of the winding may be 
wound with comparatively small wire. This will 
be the case only when the primary (line) and 
secondary (load) voltages are not very different. 
The autotransformer is used chiefly for boosting 
or reducing the power-line voltage by relatively 
small amounts. 

Radio-Frequency Circuits 
• RESONANCE 

Fig. 2-35 shows a re- i›tor, condenser and coil 
connected in series u iii a source of alternating 
current, the frequency of which can be varied 
over a wide range. At some low frequency the 
condenser reactance will be much larger than the 
resistance of R, and the inductive reactance will 
be small compared with either the reactance of C 
or the resistance of R. (R is assumed to be the 
same at all frequencies.) On the other hand, at 
some very high frequency the reactance of C will 
be very small and the reactance of L will be very 

large. In either case the current will be small, 
because the reactance is large at either low or 
high frequencies. 
At some intermediate frequency, the reactances 

of C and L will be equal and the voltage drops 
across the coil and condenser will be equal and 
180 degrees out of phase. Therefore they cancel 
each other completely and the current flow is 
determined wholly by the resistance, R. At that 
frequency the current has its largest possible 
value, assuming the source voltage to be constant 
regardless of frequency. A series circuit in which 
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the inductive and capacitive reactances are equal 
is said to be resonant. 
Although resonance can occur at any fi e-

quency, it finds its most extensive application in 
radio-frequency circuits. The reactive effects 
associated with even small inductances and capac-
itances would place drastic limitations on r.f. 
circuit operation if it were not possible to "cancel 
them out" by supplying the right amount of re-
actance of the opposite kind — in other words, 
"tuning the circuit to resonance." 

Resonant Frequency 

The frequency at which a series circuit is 
resonant is that for which XL = X . Substitut-
ing the formulas for inductive and capacitive 
reactance gives 

f — 2v-V LC 
where f = Frequency in cycles per second 

L = Inductance in henrys 
C Capacitance in farads 
r = 3.14 

These units are inconveniently large for radio-
frequency circuits. A formula using more appro-
priate units is 

1 

106  
f — 27r.\/ LC 

where f = Frequency in kiloeycles (ke.) 
L = Inductance in microhenrys (ph.) 
= Capacitance in micromicrofarads 

(pl) 
ir = 3.14 
Example: The resonant frequency of a series 

circuit containing a 5-µh. coil and a 35-551d. 
condenser is 

104 104  

2r'./LC 6.28 X N/5 X 35 
10, 10, 

— — 12,050 kc. 
6.28 X 13.2 83 

The formula for resonant frequency is not 
affected by the resistance in the circuit. 

Resonance Curves 

If a plot is drawn of the current flowing in the 
circuit of Fig. 2-35 as the frequency is varied 
(the applied voltage being constant) it would 
look like one of the curves in Fig. 2-36. The shape 
of the resonance curve at frequencies near reso-
nanee is determined by the ratio of reactance to 
resistance at the particular frequency considered. 

Fig. 2-35 — A series circuit containing L, C and R is 
"resonant" at the applied frequency when the reactance 
of C is equal to the reactance of L. 

L 
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Fig. 2-36 — Current in a series-resonant circuit with 
various values of series re,istance. 'I'he values are arbi-
trary and would not a ppb lo all circuits, hut represent a 
typical ease. It is assumed that the reactances (at the 
resonant frequency) are 1000 ohms (minimum Q = 10). 
Note that at frequencies at least plus or mi IIU5 ten per 
cent away from the resonant frequency the current is 
substantially unaffected by the resistance in the circuit. 

If the reactance of either the coil or condenser is 
of the same order of magnitude as the resistance, 
the current decreases rather slowly as the fre-
quency is moved in either direction away from 
resonance. Such a curve is said to be broad. On 
the other hand, if the reactance is considerably 
larger than the resistance the current decreases 
rapidly as the frequency moves away from 
resonance and the circuit is said to be sharp. A 
sharp circuit will respond a great deal more read-
ily to the resonant frequency than to frequencies 
quite close to resonance; a broad circuit will 
respond almost equally well to a group or band 
of frequencies centering around the resonant 
frequency. 
Both types of resonance curves are useful. A 

sharp circuit gives good selectivity — the ability 
to respond strongly (in terms of current ampli-
tude) at one desired frequency and discriminate 
against others. A broad circuit is used when the 
apparatus must give about the same response 
over a band of frequencies rather than to a single 
frequency alone. 
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R=io 

i L  

R=20 

.,R=so  

=100es1 — 

Most diagrams of resonant circuits show only 
inductance and capacitance; no resistance is indi-
cated. Nevertheless, resistance is always present. 
At frequencies up to perhaps 30 Mc. this resist-
ance is mostly in the wire of the coil. Above this 
frequency • energy loss in the condenser (princi-
pally in the solid dielectric which must be used to 
form an insulating support for the condenser 
plates) becomes appreciable. This energy kiss is 
equivalent to resistance. When maximum sharp-
ness or selectivity is needed the object of design 
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is to reduce the inherent resistance to the lowest 
possible value. 
The value of the reactance of either the coil or 

condenser at the resonant frequency, divided by 
the resistance in the circuit, is called the Q 
(quality factor) of the circuit, or 

X 
Q 

where Q = Quality factor 
X = Reactance of either coil or condenser 

in ohms 
R = Resistance in ohms 

Example: The coil and condenser in a series 
circuit each have a reactance of 350 ohms at the 
resonant frequency. The resistance is 5 ohms. 
Then the Q is 

X 350 
Q = — = — = 70 

R 5 

The effect of Q on the sharpness of resonance 
of a circuit is shown by the curves of Fig. 2-37. 
In these curves the frequency change is shown 
in percentage above and below the resonant 
frequency. Qs of 10, 20, 50 and 100 are shown; 
these values cover much of the range commonly 
used in radio work. 

Voltage Rise 

When a voltage of the resonant frequency is 
inserted in series in a resonant circuit, the volt-
age that appears across either the coil or con-
denser is considerably higher than the applied 
voltage. The current in the circuit is limited only 
by the actual resistance of the coil-condenser 
combination in the circuit and may have a rela-
tively high value; however, the same current 

1.0 
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0.6 

CC 
CC 

tu 0.4 

1'1 cc 0.2 

Q =10 

0.50 

Q =100 
0  
—20 —10 0 +10 +20 

PER CENT CHANGE FROM RESONANT 
FREQUENCY 

Fig. 2-37— Current in series-resonant circuits having 
different Qs. In this graph the current at resonance is 
assumed to be the same in all cases. The logger the Q. the 
more Rio% ly the current decreases as the applied fre-
quency is moved away from resonance. 
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flows through the high reactances of the coil and 
condenser and causes large voltage drops. The 
ratio of the reactive voltage to the applied voltage 
is equal to the ratio of reactance to resistance. 
This ratio is the Q of the circuit. Therefore, the 
voltage across either the coil or condenser is equal 
to Q times the voltage inserted in series with the 
circuit. 

Example: The inductive reactance of a circuit 
is 200 ohms, the capacitive reactance is 200 
ohms, the resistance 5 ohms, and the applied 
voltage is 50. The two reactances cancel and 
there will be but 5 ohms of pure resistance to 
limit the current flow. Thus the current will be 
50/5, or 10 amperes. The voltage developed 
across either the coil or the condenser will be 
equal to its reactance times the current, or 
200 X 10 = 2000 volts. An alternate method: 
The Q of the circuit is X/h' = 200/5 = 40. 
The reactive voltage is equal to Q times the 
applied voltage, or 40 X 50 = 2000 volts. 

Parallel Resonance 

When a variable-frequency source of constant 
voltage is applied to a parallel circuit of the type 
shown in Fig. 2-38 there is a resonance effect 

Fig. 2-38— Cir-
cuit illustrating 
parallel reso-
nance. 

similar to that in a series circuit. However, in this 
case the current (measured at the point indicated) 
is smallest at the frequency for which the coil and 
condenser reactances are equal. At that frequency 
the current through L is exact I y canceled by the 
out-of-phase current through C, so that only the 
current taken by R flows in the line. At frequen-
cies below resonance the current through L is 
larger than that through C, becausi• tIiii reactance 
of L is smaller and that of C higher : it low fre-
quencies; there is only partial cancellation of the 
two reactive currents and the line current there-
fore is larger than the current taken by R alone. 
At frequencies above resonance the situation is 
reversed and more current flows through C 
than through L, so the line current again in-
creases. The current at resonance, being deter-
mined wholly by R, will be small if R is large and 
large if R is small. 
The resistance R shown in Fig. 2-38 seldom 

is an actual resistor. In most cases it will be an 
"equivalent" resistance that represents the actu-
al energy loss in the circuit. This loss can be in-
herent. in the coil or condenser, or may represent 
energy transferred to a load by means of the 
resonant circuit. (For example, the resonant 
circuit may be used for transferring power from 
a vacuum-tube amplifier to an antenna system.) 

Parallel and series resonant circuits are quite 
alike in some respects. For instance, the circuits 
given at A and B in Fig. 2-39 will behave identi-
cally, when an external voltage is applied, if (1). 
L and C are the same in both cases; and (2) Rp 
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multiplied by R. equals the square of the react-
ance (at resonance) of either L or C. When these 
conditions are met the two circuits will have the 
same Qs. (These statements are approximate, but 
are quite accurate if the Q is 10 or more.) The cir-
cuit at A is a serie circuit if it is viewed from the 
"inside" — that is, going around the loop 
formed by L, C and R — so its Q can be found 
from t he ratio of X to R.. 

Titus a circuit like that of Fig. 2-39A has an 
equivalent parallel impedance (at resonance) 
equal to R,„ the relationship between R. and R,, 
being as explained above. Although R,, is not 
an actual resistor, to the source of voltage the 
parallel-vestal:tilt circuit " looks like" a pure 
resistance of that value. It is " pure" resistance 
because the coil and eondenser currents are 180 
degrees out of phase and are equal: thus there 
is no reactive current in the line. At the resonant 
frequency the parallel impedance of a resonant 
circuit is 

Zr= QX 

where Zr = Resistive impedance at resonance 
Q = Quality factor 
X = Reactance (in ohms) of either the 

coil or condenser 

Example: The parallel impedance of a circuit 
having a Q of SO and having inductive and ca-
paeitive reactances of 300 ohms will he 

Z, QX = 50 X 300 = 15.000 ohms. 

At frequencies off resonance the impedance 
is no longer purely resistive because the coil 
and condenser currents are not equal. The off-
resonant impedance therefore is complex, and 

Fig. 2-39 — Series 
and parallel equiv-
alents when the 
two circuits are 
resonant. The 
series resistor, R„ 
in A can be re-
placed by an 
equivalent parallel 
resistor, R,,, in Et, 
and vice versa. 

is loner than the resonant impedance for the 
reasons previously outlined. 
The higher the Q of the circuit, the higher the 

parallel impedance. Curves showing the varia-
tion of impedance (with frequency) of a parallel 
circuit have just the same shape as the curves 
showing the variation of current with frequency 
in a series circuit. Fig. 2-40 is a set of such curves. 

Parallel Resonance in Low-Q Circuits 

The preceding discussion is accurate only for 
Qs of 10 or more. When the Q is below 10, reso-
nance in a parallel circuit having resistance in 
series with the coil, as in Fig. 2-39A, is not so 
easily defined. There is a set of values for L and 
C that will make the parallel impedance a pure 
resistance, but with these values the impedance 
does not have its maximum possible value. An-
other set of values for L and C will make the 
parallel impedance a maximum, but this maxi-
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Fig. 2-40 — Relative impedance of parallel-resonant 
circuits with different Qs. These curves are similar to 
those in Fig. 2-37 for current in a series-resonant circuit. 
The effect of Q on impedance is most marked near the 
resonant frequency. 

mum value is not a pure resistance. Either 
condition could be called "resonance," so with 
low-Q circuits it is necessary to distinguish be-
tween maximum impedance and resistive im-
pedance parallel resonance. The difference in 
tuning is appreciable when the Q is in the vicinity 
of 5, and becomes more marked with still lower 
Q values. 
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Q of Loaded Circuits 

In many applications of resonant circuits the 
only power lost is that dissipated in the resistance 
of the circuit itself. At frequencies below 30 Me. 
most of this resistance is in the coil. Within 
limits, increasing the number of turns on the 
coil increases the reactance faster than it raises 
the resistance, so coils for circuits in which the 
Q must be high may have reactances of 1000 
ohms or more at the frequency under considera-
tion. 

However, when the circuit delivers energy to 
a load (as in the case of the resonant circuits 
used in transmitters) the energy consumed in 
the circuit itself is usually negligible compared 
with that consumed by the load. The equivalent 
of such a circuit is shown in Fig. 2-41A, where 
the parallel resistor represents the load to which 
power is delivered. If the power dissipated in the 

(A) (B) 

Fig. 2-41— The equivalent circuit of a resonant cir-
cuit delivering power to a load. The resistor R represents 
the load resistance. At Il the load is tapped across 
part of L, which by transformer action is equivalent to 
using a higher load resistance across the whole circuit. 
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load is at least ten times as great as the power 
lost in the coil and condenser, the parallel im-
pedance of the resonant circuit itself will be so 
high compared with the resistance of the load 
that for all practical purposes the impedance of 
the combined circuit is equal to the load resist-
ance. Under these conditions the Q of a parallel-
resonan t circuit loaded by a resistive impedance is 

Q = — 
X 

where Q = Quality factor 
Z = Parallel load resistance (ohms) 
X = Reactance (ohms) of either the 

or condenser 

Example: A resistive load of 3000 ohms is con-
nected across a resonant circuit in which the in-
ductive and capacitive reactances are each 250 
ohms. The circuit Q is then 

Z 3000 
= 12 

= X 250 

The "effective" Q of a circuit loaded by a 
parallel resistance becomes higher when the re-
actances of the coil and condenser are decreased. 
A circuit loaded with a relatively low resistance 
(a few thousand ohms) must have low-reactance 
elements (large capacitance and small inductance) 
to have reasonahly high Q. 

Impedance Transformation 

An important application of the parallel-
resonant circuit is an impedance-matching de-
vice in the output circuit of a vacuum-tube r.f. 
power amplifier. As described in the chapter on 
vacuum tubes, there is an optimum value of load 
resistance for each type of tube and set of operat-
ing conditions. However, the resistance of the 
load to which the tube is to deliver power usually 
is considerably lower than the value required for 
proper tube operation. To transform the actual 
load resistance to the desired value the load may 
be tapped across part of the coil; as shown in 
Fig. 2-41B. This is equivalent to connecting a 
higher value of load resistance across the whole 
circuit, and is similar in principal to impedance 
transformation with an iron-core transformer. 
In high-frequency resonant circuits the im-
pedance ratio does not vary exactly as the square 
of the turns ratio, because all the magnetic flux 
lines do not cut every turn of the coil. A desired 
reflected impedance usually must be obtained by 
experimental adjustment. 
When the load resistance has a very low value 

(say below 100 ohms) it may be connected in 
series in the resonant circuit (as in Fig. 2-39A, 
for example), in which case it is transformed to 
an equivalent parallel impedance as previously 
described. If the Q is at least 10, the equivalent 
parallel impedance is 

X2 
Zr = — 

R 

coil 

where Zr = Resistive impedance at resonance 

X = Reactance (in ohms) of either the 
coil or condenser 

R = Load resistance inserted in series 
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If the Q is lower than 10 the reactance will have 
to be adjusted somewhat, as described previously, 
to obtain a resistive impedance of the desired 
value. 

LIC Ratio 

The formula for resonant frequency of a circuit 
shows that the same frequency always will be 
obtained so long as the product of L and C is con-
stant. Within this limitation, it is evident that t 
can be large and C small, L small and C large, etc. 
The relation between the two for a fixed fre-
quency is called the LIC ratio. A high-C circuit 
is one which has more capacity than "normal" 
for the frequency; a low-C circuit one which has 
less than normal capacity. These terms depend 
to a considerable extent upon the particular ap-
plication considered, and have no exact numeri-
cal meaning. 

LC Constants 

It is frequently convenient to use the numerical 
value of the LC constant when a number of calcu-
lations have to be made involving different L/C 
ratios for the same frequency. The constant for 
any frequency is given by the following equation: 

LC — 25'330 
f2 

where L Inductance in microhenrys (gh.) 

C Capacitance in micromicrofarads 
(add.) 

f = Frequency in megacycles 

Example: Find the inductance required to 
resonate at 3650 he. (3.65 Mc.) with capaci-
tances of 25, 50, 100, and 500 µdd. The LC 
constant is 

25 330 25 330 
LC —   —   — 1900 

(3.65) 13.35 

With 25 µdd. L I900/C = 1900/25 
= 76 µh. 

50 pufd. L 1900/C = 1900/50 
= 38 µh. 

100 mufd. L = I900/C = 1900/100 
= 19 µh. 

500 pmfd. L 1900/C = 1900/500 
= 3.8 ah. 

• COUPLED CIRCUITS 
Energy Transfer and Loading 

Two circuits are coupled when energy can be 
transferred from one to the other. The circuit 
delivering power is called the primary circuit; the 
one receiving power is called the secondary cir-
cuit. The power may be practically all dissipated 
in the secondary circuit itself (this is usually the 
case in receiver circuits) or the secondary may 
simply act as a medium through which the power 
is transferred to a load. In • the latter case, the 
coupled circuits may act as a radio-frequency 
impedance-matching device. The matching can 
be accomplished by adjusting the loading on the 
secondary and by varying the amount of coupling 
between the primary and secondary. 
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Coupling by a Common Circuit Element 

One method of coupling between two resonant 
circuits is through a circuit element common to 
both. The three variations of this type of coupling 
shown at A, B and C of Fig. 2-42, utilize a com-
mon inductance, capacitance and resistance, re-
spectively. Current circulating in one LC branch 
flows through the common element ('. or &) 
and the voltage developed across this element 
causes current to flow in the other LC branch. 

C 7- 3 
n Output 

R, L, 

Input 

Input 

rc, 

Output (B) 

(C) 

 o 

Output (D) 

Fig. 242 — Four methods of circuit coupling. 

If both circuits are resonant to the same fre-
quency, as is usually the ease, the value of cou-
pling reactance or resistance required for maxi-
mum energy transfer is generally quite small 
compared i ith the other reactances in the cir-
cuits. The common-circuit-element method of 
coupling is used only occasionally in amateur 
apparatus. 

Capacitive Coupling 

In the circuit at D the coupling increases as 
the capacitance of C., the "coupling condenser," 
is made greater (reactance of C„ is decreased). 

When two resonant circuits are coupled by this 
means, the capacitance required for maximum 
energy transfer is quite small if the Q of the sec-
ondary circuit is at all high. For example, if the 
parallel impedance of the secondary circuit is 
100,000 ohms, a reactance of 10,000 ohms or so 
in the condenser will give ample coupling. The 
corresponding capacitance required is only a few 
micromicrofarads at high frequencies. 

Inductive Coupling 

Figs. 2-43 and 2-44 show inductive coupling, or 
coupling by means of the mutual inductance be-
tween two coils. Circuits of this type resemble the 

iron-core transformer, but because only a part of 
the magnetic flux lines set up by one coil cut the 
turns of the other coil, the simple relationships 
between turns ratio, voltage ratio and impedance 
ratio in the iron-core transformer- do not hold. 
Two types of inductively-coupled circuits are 

shown in Fig. 2-43. Only one circuit is resonant. 
The circuit at A is frequently used in receivers for 
coupling between amplifier tubes when the tuning 
of the circuit must be varied to respond to signals 
of different frequencies. Circuit 13 is used prin-
cipally in transmitters, for coupling a radio-
frequency amplifier to a resistive load. 

In these circuits the coupling between the 
primary and secondary coils usually is "tight" — 
that is, the coefficient of coupling between the 
coils is large. With very tight coupling either cir-
cuit operates nearly as though the device to which 
the untuned coil is connected were simply tapped 
across a corresponding number of turns on the 
tuned-circuit coil, thus either circuit is approxi-
mately equivalent to Fig. 2-41B. 
By proper choice of the number of turns on 

the untuned coil, and by adjustment of the 
coupling, the parallel impedance of the tuned cir-
cuit may be adjusted to the value required for 
the proper operation of the device to which it is 
connected. In any case, the maximum energy 
transfer possible for a given coefficient of coupling 
is obtained when the reactance of the untuned 
coil is equal to the resistance of its load. 
The Q and parallel impedance of the tuned 

circuit are reduced by coupling through an un-
tuned coil in much the same way as by the 
tapping arrangement shown in Fig. 2-41B. 

Coupled Resonant Circuits 

When the primary and secondary circuits are 
both tuned, as in Fig. 2-44, the resonance effects 
in both circuits make the operation somewhat 
more complicated than in the simpler circuits just 
considered. Imagine first that the two circuits are 
not coupled and that each is independently tuned 
to the resonant frequency. The impedance of each 
will be purely resistive. If the primary circuit is 
connected to a source of r.f. energy of the resonant 
frequency and the secondary is then loosely 
coupled to the primary, a current will flow in the 
secondary circuit. In flowing through the re-
sistance of the secondary circuit and any load 

Input 
(A) 

(B) 

Fig. 243 — Single-tuned inductively-coupled circuits. 
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that may be connected to it, the current. causes a 
power loss. This power must come from the 
energy source through the primary circuit., and 
manifests itself in the primary as an increase in 
the equivalent resistance in series with the 
primary coil. Hence the Q and parallel impedance 
of the primary circuit are decreased by the 
coupled secondary. As the coupling is made 
greater (without changing the tuning of either 
circuit) the coupled resistance becomes larger 
and the parallel impedance of the primary con-
tinues to decrease. Also, as the coupling is made 
tighter the amount of power transferred from the 
primary to the secondary will increase to a 
maximum at critical coupling, but then decreases 
if the coupling is tightened still more (still with-
out changing the tuning). 

(A) 

Output (B) 

Fig. 2-44— Inductively-coupled resonant circuits. Cir-
cuit A is used for high-resistance loads (at least several 
times the reactance of either C2 or ( 2 at the resonant 
frequency). Circuit B is suitable for low resistance loads 
where the reactance of either L2 or C2 is at least several 
times the load resistance. 

Critical coupling is a function of the Qs of the 
two circuits. A higher coefficient of coupling is 
required to reach critical coupling when the Qs 
are low; if the Qs are high, as in receiving applica-
tions, a coupling coefficient of a few per cent may 
give critical coupling. 
With loaded circuits such as are used in trans-

mitters the Q may be too low to give the desired 
power transfer even when the coils are coupled 
as tightly as the physical construction permits. 
In such case, increasing the Q of either circuit 
will be helpful, although it is generally better to 
increase the Q of the lower-Q circuit. rather than 
the reverse. The Q of the parallel-tuned primary 
(input) circuit can be increased by decreasing the 
L/C ratio because, as shown in connection with 
Fig. 2-39, this circuit is in effect loaded by a 
parallel resistance (effect of coupled-in resist-
ance). In the parallel-tuned secondary circuit, 
Fig. 2-44A, the Q can be increased, for a fixed 
value of load resistance, either by decreasing the 
L/C ratio or by tapping the load down (see Fig. 
2-41). In the series-tuned secondary circuit, Fig. 
2-44% the Q may be increased by intreasing the 
L/C ratio. 
There will generally be nee difficulty in securing 

àiiffitient cOupling, with practicable coils, if the 
Q of each circuit is at least 10: Smaller values will 

FREQUENCY 

Fig. 2-45 — S lowing the effect on the out voltage 
from the secondary circuit of changing the coefficient of 
coupling betw ,en two resonant circuits indepeffilently 
tuned to the saine frequency. The voltage applic.1 to the 
primary is held constant in amplitude while the fre-
quency is varied, and the output voltage is measured 
across the secondary. 

suffice if the coil construction permits tight 
coupling. 

Selectivity 

In Fig. 2-43 only one circuit is tuned and the 
selectivity curve will be that f a single resonant 
circuit. As stated, the effective Q depends upon 
the resistance connected to the untuned coil. 

In Fig. 2-44, the selectivity is the same as that 
of a single tuned circuit having a Q equa I to the 
product of the Qs of the individual circuits — if 
the coupling is well below critical and both cir-
cuits are tuned to resonance. The Qs of the in-
dividual circuits are affected by the degree of 
coupling, because each couples resistance into the 
other; the tighter the coupling, the lower the 
individual Qs and therefore the lower the over-all 
selectivity. 

If both circuits are independently tuned to 
resonance, the over-all selectivity will vary about 
as shown in Fig. 2-45 as the coupling is varied. 
With loose coupling, A, the output voltage 
(across the secondary circuit) is small and the 
selectivity is high. As the coupling is increased 
the secondary voltage also increases until critical 
coupling, B, is reached. At this point the output 
voltage at the resonant frequency is maximum 
but the selectivity is lower than with looser 
coupling. At still tighter coupling,. C, the output 
voltage at the resonant frequency decreases, but 
as the frequency is varied either side of resonance 
it is found that there are two "humps" to the 
curve, one on either side of resonance. With very 
tight coupling, D, there is a further decrease in 
the output voltage at resonance and the "humps" 
are farther away from the resonant frequency. 
Curves such as those at C.' and I) are called flat-
topped because the output voltage does not change 
much over an appreciable band of frequencies. 

Note that the off-resonance humps have the 
same maximum value as the resonant output volt-
age at critical coupling. These humps are caused 
by the fact that at frequencies off resonance the 
secondary circuit is reactive and couples reactance 
as well as resistance into the primary. The cou-
pled resistance decreases off resonance and the 
humps represent a new condition of critical cou-
pling, at a frequency to which the primary is 
detuned by the coupled-in reactance from the 
secondary. 
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Band-Pass Coupling 

Over-coupled resonant circuits are useful where 
substantially uniform output is desired over a 
continuous band of frequencies, without read-
justment of tuning. The width of the flat top of 
the resonance curve depends on the Qs of the two 
circuits as well as the tightness of coupling; the 
frequency separation between the humps will 
increase, and the curve become more flat-topped 
as the Qs are lowered. 

Band-pass operation also is secured by tuning 
the two circuits to slightly different frequencies, 
which gives a double-humped resonance curve 
even with loose coupling. This is called stagger 
tuning. However, to secure dequate power 
transfer over the frequency band it is usually 
necessary to use tight coupling and adjust the 
two circuits, by experiment, to give the desired 
performance. 

Link Coupling 

A modification of inductive coupling, called 
link coupling, is shown in Fig. 2-46. This gives 
the effect of inductive coupling between two coils 
that have no mutual inductance; the link is 
simply a means for providing the mutual induct-
ance. The total mutual inductance between two 
coils coupled by a link cannot be made as great 
as if the coils themselves were coupled. This is 
because the coefficient of coupling between air-
core coils is considerably less than 1, and since 
there are two coupling points the over-all coupling 
coefficient is less than for any pair of coils. In 
practice this need not be disadvantageous because 
the power transfer can be made great enough by 
making the tuned circuits sufficiently high-Q. 
Link coupling is convenient when ordinary in-
ductive coupling would be impracticable for con-
st ruct ional reasons. 
The link coils usually have a small number of 

turns compared with the resonant-circuit coils. 
The number of turns is not greatly important, 
because the coefficient of coupling is relatively 
independent of the number of turns on either coil; 
it is more important that both link coils should 
have about the same inductance. The length of the 
link between the coils is not critical if it is very 
small compared with the wavelength, but if the 
length is more than about one-twentieth of a 
wavelength the link operates more as a transmis-
sion line than as a means for providing mutual 
inductance. In such case it should be treated by 
the methods described in the chapter on Trans-
mission Lines. 

Fig. 2-46 — Link coupling. The mutual in uctances at 
both ends of the link are equivalent to mutual induct-
ance between the tuned circuits, and serve the same 
purpose. 
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Piezoelectric Crystals 

A number of crystalline substances found in 
nature have the ability to transform mechanical 
strain into an electrical charge, and vice versa. 
This property is known as piezoelectricity. A 
small plate or bar cut in the proper way from a 
quartz crystal, for example, and placed between 
two conducting electrodes, will be mechanically 
strained when the electrodes are connected to a 
source of voltage. Conversely, if the crystal is 
squeezed between two electrodes a voltage will 
develop beta een the electrodes. 

Piezoelectric crystals can be used to transform 
mechanical energy into electrical energy, and vice 
versa. They are used, for example, in microphones 
and phonograph pick-ups, where mechanical 
vibrations are transformed into alternating volt-
ages of corresponding frequency. They are also 
used in headsets and loudspeakers, transforming 
electrical energy into mechanical vibration. Crys-
tal plates for these purposes are cut from large 
crystals of Rochelle salts. 

Fig. 2-47 -- Equivalent circuit 
of a crystal resonator. L, C and 
R are the electrical equivalents 
of mechanical properties of the 
crystal; Ch is the capacitance of 

  the electrodes with the crystal 
plate between them. 

Crystalline plates also are mechanical vibrators 
that have natural frequencies of vibration ranging 
from a few thousand cycles to several megacycles 
per second. The vibration frequency depends on 
the kind of crystal, the way the plate is cut from 
the natural crystal, and on the dimensions of the 
plate. Because of the piezoelectric effect, the crys-
tal plate can be coupled to an electrical circuit 
and made to substitute for a coil-and-condenser 
resonant circuit. The thing that makes the crystal 
resonator valuable is that it has extremely" high 
Q, ranging from 5 to 10 times the Qs obtainable 
with good LC resonant circuits. 

Analogies can be drawn between various me-
chanical properties of the crystal and the elec-
trical characteristics of a tuned circuit. This 
leads to an "equivalent circuit" for the crystal. 
The electrical coupling to the crystal is through 
the electrodes between which it is sandwiched; 
these electrodes form, with the crystal as the 
dielectric, a small condenser like any other con-
denser constructed of two plates with a dielectric 
between. The crystal itself is equivalent to a 
series-resonant circuit, and together with the 
capacitance of the electrodes forms the equivalent 
circuit shown in Fig. 2-47. The equivalent induct-
ance of the crystal is extremely large and the 
series capacitance, C, is correspondingly low; this 
is the reason for the high Q of a crystal. The 
electrode capacitance, Ch, is so very large com-
pared with the series capacitance of the crystal 
that it has only a very small effect on the resonant 
frequency. 
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Crystal plates for use as resonidors. in radio-
frequency circuits are almost always cut from 
quartz crystals, because for mechanical reasons 
quartz is by far the most suitable material for 

this purpose. Quartz crystals are used as resona-
tors in receivers, to give highly-selective reception, 
and as frequency-controlling elements in trans-
mitters to give a high order of frequency stability. 

Practical Circuit Details 

• COMBINED A.C. AND D.C. 
Most radio circuits are built around vacuum 

tubes, and it is the nature of these tubes to require 
direct current (usually at a fairly high voltage) 
for their operation. They convert the direct cur-
rent into an alternating current (and sometimes 
the reverse) at frequencies varying from well 
down in the audio range to well up in the super-
high range. The conversion process almost in-
variably requires that the direct and alternating 
currents meet somewhere in the circuit. . • 

In this meeting, the a.c. and d.c. are actually 
combined into a single current that "pulsates" 
(at the a.c. frequency) about an average value 
equal to the direct current. This is shown in Fig. 
2-48. It is convenient to consider that the alter-
nating current is superimposed on the direct 
current, so we may look upon the actual current 
as having two components, one d.c. and the 
other a.c. 

QC 

1/4,0 

TIME 

Fig. 2-48 — Pulsat-
ing. composed of an 
alternating current 
or voltage superim-
posed on a steady 
direct current or 
voltage. 

In an alternating current the positive and nega-
tive alternations have the same average ampli-
tude, so when the wave is superimposed on a 
direct current the latter is alternately increased 
and decreased by the same amount. There is thus 
no average change in the direct current. If a d.c. 
instrument is being used to read the current, the 
reading will be exactly the same whether or not 
the a.c. is superimposed. 

However, there is actually more power in such 
a combination current than there is in the direct 
current alone. This is because power varies as the 
square of the instantaneous value of the current, 
and when all the instantaneous squared values 
are averaged over a cycle the total power is 
greater than the d.c. power alone. If the a.c. is a 
sine wave having a peak value just equal to the 
d.c., the power in the circuit is 1.5 tintes the d.c. 
power. An instrument whose readings are pro-
portional to power will show such an increase. 

In many circuits, also, we may have two alter-
nating currents of different frequencies; for ex-
ample, an audio frequency and a.radio frequency 
may be combined in the same circuit. The two 
in turn may be combined with a direct current. 
In some cases, too, two r.f. currents of widely-
different frequencies may be combined in the 
same circuit. 

Series and Parallel Feed 

Fig. 2-49 shows in simplified form how d.c. and 
a.c. may be combined in a vacuum-tube circuit. 
(The tube is shown only in bare outline; so far 
as the d.c. is concerned, it can be looked upon as 
a resistance of rather high value. On the other 
hand, the tube may be looked upon as the gen-
erator of the a.c. The mechanism of tube operation 
is described in the next chapter.) In this case, it 
is assumed that the a.c. is at radio frequency, as 
suggested by the coil-and-condenser tuned circuit. 
It is also assumed that r.f. current can easily flow 
through the d.c. supply; that is, the impedance 
of the supply at radio frequencies is so small as 
to be negligible. 

In the circuit at the left, the tube, tuned circuit, 
and d.c. supply all are connected in series. The 
direct current flows through the r.f. coil to get to 
the tube; the r.f. current generated by the tube 
flows through the d.c. supply to get to the tuned 
circuit. This is series feed. It works because the 
impedance of the d.c. supply at radio frequencies 
is so low that it does not affect the flow of r.f. cur-
rent, and because the d.c. resistance of the coil is 
so low that it does not affect the flow of direct 
current. 

In the circuit at the right the direct current 
does not flow through the r.f. tuned circuit, but 
instead goes to the tube through a second coil, 
RFC (radio-frequency choke). Direct current 
cannot flow through L because a blocking con-
denser, C, is placed in the circuit to prevent it. 
(Without C, the d.c. supply would be short-
circuited by the low resistance of L.) On the 
other hand, the r.f. current generated by the tube 
can easily flow through C to the tuned circuit be-
cause the capacitance of C is intentionally chosen 
to have low reactance (compared with the itn-
pedance of the tuned circuit) at the radio fre-
quency. The r.f. current cannot flow through the 
d.c. supply because the inductance of RFC is in-
tentionally made so large that it has a very high 
reactance at the radio frequency. The resistance 
of RFC, however, is too low to have an appre-

SERIES FEED PARALLEL FEES 
Fig. 2-49 — Illustrating series and parallel feed. 



ELECTRICAL LAWS AND CIRCUITS 49 
citable effect On the flow of direct current. The two 
currents are thus in parallel, hence the name 
parallel feed. 

Either type of feed may be used for both a.f. 
and r.f. circuits. In parallel feed there is no d.c. 
voltage on the a.c. circuit, a desirable feature 
from the viewpoint of safety to the operator, be-
cause the voltages applied to tubes — particu-
larly transmitting tubes — are dangerous. On the 
other hand, it is somewhat difficult to make an 
r.f. choke work well over a wide range of fre-
quencies. Series feed is usually preferred, there-
fore, because it is relatively easy to keep the 
impedance between the a.c. circuit and the tube 
low. 

By-Passing 

In the series-feed circuit just discussed, it was 
assumed that the d.c. supply had very low im-
pedance at radio frequencies. This is not likely 
to be tille in a practical power supply, partly 

Fig. 2-50 — Typical 
use of a by.pass con-
denser in a series-feed 
circuit. 

••• 

because the normal physical separation between 
the supply and the r.f. circuit would make it 
necessary to use rather long connecting wires or 
leads. At radio frequencies, even a few feet of 
wire can have fairly large reactance — too large 
to be considered a really "low-impedance" con-
nection. 
An actual circuit would be provided with a 

by-pass condenser, as shown in Fig. 2-50. Con-
denser C is chosen to have low reactance at the 
operating frequency, and is installed right in the 
circuit where it can be wired to the other parts 
with quite short connecting wires. Hence the r.f. 
current will tend to flow through it rather than 
through the d.c. supply. 
To be effective, the reactance of the by-pass 

condenser should not be more than one-tenth of 
the impedance of the by-passed part of the cir-
cuit. Very often the latter impedance is not 
known, in which case it is desirable to use the 
largest capacitance in the by-pass that circum-
stances permit. To make doubly sure that r.f. 
current will not flow through a non-r.f. circuit 
such as a power supply, an r.f. choke may be 
connected in the lead to the latter, as shown in 
Fig. 2-50. 
The same type of by-passing is used when audio 

frequencies are present in addition to r.f. Because 
the reactance of a condenser changes with fre-
quency, it is readily possible to choose a capaci-

tance that will represent a very low reactance at 
radio frequencies but that will have such high 
reactance at audio frequencies that it is practi-
cally an open circuit. A capacitance of 0.001 /dd. 
is practically a short circuit for r.f., for example, 
but is almost an open circuit at audio frequencies. 
(The actual value of capacitance that is usable 
will be modified by the impedances concerned.) 
By-pass condensers also are used in audio circuits 
to carry the audio frequencies around a d.c. 
supply. 

Distributed Capacitance and Inductance 

In the discussions earlier in this chapter it 
was assumed that a condenser has only capac-
itance and that a coil has only inductance. Un-
fortunately, this is not strictly true. There is 
always a certain amount of inductance in a con-
ductor of any length, and a condenser is bound 
to have a little inductance in addition to its 
intended capacitance. Also, there is always ca-
pacitance between two conductors or between 
parts of the same conductor, and thus there is 
appreciable capacitance between the turns of an. 
inductance coil. 

This distributed inductance in a condenser 
and the distributed capacitance in a coil have 
important practical effects. Actually, every con-
denser is a tuned circuit, resonant at the fre-
quency where its capacitance and distributed 
inductance have the same reactance. The same 
thing is true of a coil and its distributed capaci-
tance. At frequencies well below these natural 
resonances, the condenser will act like a normal 
capacitance and the coil will act like a normal 
inductance. Near the natural resonant points, 
the coil and condenser act like self-tuned circuits. 
Above resonance, the condenser acts like an in-
ductance and the coil acts like a condenser. Thus 
there is a limit to the amount of capacitance that 
can be used at a given frequency. There is a simi-
lar limit to the inductance that can be used. 
At audio frequencies, capacitances measured in 
microfarads and inductances measured in henrys 
are practicable. At low and medium radio fre-
quencies, inductances of a few millihenrys and 
capacitances of a few thousand micromicro-
farads are the largest practicable. At high radio 
frequencies, usable inductance values drop to 
a few microhenrys and capacitances to a few 
hundred micromicrofarads. 

Distributed capacitance and inductance are 
important not only in r.f. tuned circuits, but in 
by-passing and choking as well. It will be appre-
ciated that a by-pass condenser that actually 
acts like an inductance, or an r.f. choke that acts 
like a condenser, cannot work as it is intended 
they should. 

Grounds 

Throughout this book there are frequent refer-
ences to ground and ground potential. When a 
connection is said to be "grounded" it does not 
mean that it actually goes to earth (although in 
many cases such earth connections are used). 
What it means is that an actual earth connection 
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could be made to that point in the circuit without 
disturbing the operation of the circuit in any way. 
The term also is used to indicate a "common" 
point in the circuit where power supplies and 
metallic supports (such as a metal chassis) are 
electrically tied together. It is customary, for 
example, to "ground" the negative terminal of a 
d.e. power supply, and to "ground" the filament 
or heater power supplies for vacuum tubes. Since 
the cathode of a vacuum tube is a junction point 
for grid and plate voltage supplies, it is a natural 
point to "ground." Also, since the various cir-
cuits connected to the tube elements have at 
least one point connected to cathode, these 
points also are "returned to ground." "Ground" 
is therefore a common reference point in the radio 
circuit. "Ground potential" means that there is 
no "difference of potential" — that is, no voltage 
— between the circuit point and the earth. 

Single-Ended and Balanced Circuits 

With reference to ground, a circuit may be 
either single-ended (unbalanced) or balanced. 
In a single-ended circuit, one side of the cir-
cuit is connected to ground. In a balanced 
circuit, the electrical midpoint is ronnected to 

SINGLE- E NDED BAL ANCED 

I 
SINGLE- ENDED BALANCED OUTPUT 

Fig. 2-51 — Single-ended and balanced circuits. 

ground, so that the circuit has two ends each 
at the same voltage "above" ground. 

Typical single-ended and balanced circuits are 
shown in Fig. 2-51. R.f. circuits are shown in 
the upper row, while iron-core transformers (such 
as are used in power-supply and audio circuits) 
are shown in the lower row. The r.f. circuits may 
be balanced either by connecting the center of 
the coil to ground or by using a "balanced" or 
"split-stator" condenser and connecting the con-
denser rotor to ground. In the iron-core trans-
former, one or both windings may be tapped at 
the center of the winding to provide the ground 
connection. 

In the single-ended circuit, only une side of 
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the circuit is "hot" — that is, has a voltage that 
differs from ground potential. In the balanced 
circuit, both ends are "hot" and the grounded 
center point is at ground potential. 

Shielding 

Two circuits that are physically near each 
other usually will be coupled to each other in 
some degree even though no coupling is intended. 
The metallic parts of the two circuits form a 
small capacitance through which energy can be 
transferred by means of the electric field. Also, 
the magnetic field about the coil or wiring of 
one circuit can couple that circuit to a second 
through the latter's coil and wiring. In many 
cases these unwanted couplings must he prevented 
if the circuits are to work properly. 

Capacitive coupling may readily be prevented 
by enclosing one or both of the circuits in 
grounded low-resistance metallic containers, 
called shields. The electric field from the circuit 
components does not penetrate the shield. A 
metallic plate, called a baffle shield, inserted be-
tween two components also may suffice to pre-
vent electrostatic coupling between them. It 
should be large enough to make the components 
invisible to each other. 

Similar metallic shielding is used at radio fre-
quencies to prevent magnetic coupling. The 
shielding effect increases with frequency and with 
the conductivity and thickness of the shielding 
material. 
A closed shield is required for good magnetic 

shielding; in some eases separate shields, one 
about each coil, may be required. The baffle shield 
is rather ineffective for magnetic shielding, al-
though it will give partial shielding if placed at 
right angles to the axes of, and between, the coils 
to be shielded from each other. 

Shielding a coil reduces its inductance, because 
part of its field is canceled by the shield. Also, 
there is always a small amount of resistance in 
the shield, and there is therefore an energy loss. 
This loss raises the effective resistance of the 
coil. The decrease in inductance and increase in 
resistance lower the Q of the coil. The reduction 
in inductance and Q will be small if the shield is 
sufficiently far away from the coil; the spacing 
between the sides of the coil and the shield should 
be at least half the coil diameter, and the spacing 
at the ends of the coil should at least equal the 
coil diameter. The higher the conductivity of the 
shield material, the less the effect on the induc-
tance and Q. Copper is the best material, but alu-
minum is quite satisfactory. 
For good magnetic shielding at audio fre-

quencies it is necessary to enclose the coil in a 
container of high-permeability iron or steel. In 
this case the shield can be quite close to the coil 
without harming its performance. 

Modulation, Heterodyning and Beats 
Since one of the most widespread uses of radio spectrum to be transmitted could simply be shifted 

frequencies is the transmission of speech and up to some radio frequency, transmitted as radio 
music, it would be very convenient if the audio waves, and shifted back down to the audio spec-
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truni at the receiving point. Suppose the audio 
signal to be transmitted by radio is a pure 1000-
cycle tone, and we wish to transmit it at some 
frequency around I Mc. ( 1,000,000 cycles). One 
possible way might be to add 1,000,000 cycles 
and 1,000 cycles together, thereby obtaining a 
radio frequency of 1,001,000 cycles. Unfortu-
nately, no simple method for doing such a thing 
directly ha.s ever been devised, although the effect 
is obtained and used in some advanced commu-
nications techniques. 

Actually, when two different frequencies are 
present simultaneously in an ordinary circuit 
(specifically, one in m hich Ohm's Law holds) each 
behaves as though the other were not there. It is 
true that the total or resultant voltage (or cur-
rent) in the circuit will be the sum of the instan-
taneous values of the two at every instant. This 
is because there can be only one value of current 
or voltage at any single point in a circuit at any 
instant. Fig. 2-52A and B show two such fre-
quencies, and C shows the resultant. The ampli-
tude of the 1,000,000-cycle current is not affected 
by the presence of the 1000-cycle current, but 
merely has its axis shifted back and forth at the 
1000-cycle rate. An attempt to transmit such a 
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Fig. 2-52 — Amplitude-is.-time and amplitude-vs.-
frequency plots of various signals. (A) 1% cycles of a 
1000-cycle signal. (B) A 1,000,000-cycle signal plotted 
to the same scale as A. Because there are 1500 cycles 
during this time, they cannot be shown accurately. 
(C) The signals of A and B flowing in the same circuit. 
(D) The signals of A and B combined in a circuit where 
A can control the amplitude of B. The 1,000,000.cycle 
signal is modulated by the 1000-cycle signe (E), (E), 
(G), (H) Amplitude-vs.-frequency plots of the signals 
in A, B, C and D. 

combination as a ¡ mho wave would result simply 
in the transmission of the 1,000,000-cycle fre-
quency, since the 1000-cycle frequency retains its 
identity as an audio frequency and hence st ill not 
be radiated. 
There are devices, however, which make it pos-

sible for one frequency to control the amplitude 
of the other. If, for example, a 1000-cycle tone 
is used to control a 1-Mc, signal, the maximum 
r.f. output n ill be obtained when the 1000-cycle 
signal is at one peak and the minimum will occur 
at its other peak. The process is called amplitude 
modulation, and the effect is shown in Fig. 2-52D. 
The resultant signal is now entirely at radio fre-
quency, but with its amplitude varying at the 
modulation rate ( 1000 cycles). Receiving equip-
ment adjusted to receive the 1,000,000-cycle r.f. 
signal can reproduce these changes in amplitude, 
and thus tell what the audio signal is, through a 
process called detection or demodulation. 

It might be assumed that the only radio fre-
quency present in such a signal is the original 
1,000,000 cycles, but such is not the case. It will 
be found that two new frequencies have ap-
peared. These are the sum (1,000,000 + 1000) 
and difference (1,000,000 — 1000) frequencies, 
and hence the radio frequencies appearing in the 
circuit after modulation are 999,000, 1,000,000 
and 1,001,000 cycles. 
Many circuits have been devised for obtaining 

amplitude modulation, and they will be treated 
in detail in later chapters. When an audio fre-
quency is used to control the amplitude of a radio 
frequency, the process is generally called "ampli-
tude modulation," as mentioned previously, but 
when a radio frequency modulates another radio 
frequency it is called heterodyning. However, 
the processes are identical. A general term for the 
sum and difference frequencies generated during 
heterodyning or amplitude modulation is "beat 
frequencies," and a more specific one is upper side 
frequency, for the sum frequency, and lower side 
frequency for the difference frequency. 

In the simple example, the modulating signal 
was assumed to be a pure tone, but the modulat-
ing signal can just as well be a band of frequencies 
making up speech or music. In this case, the side 
frequencies are grouped into what are called the 
upper sideband and the lower sideband. In any 
case, the frequency that is modulated is called the 
carrier frequency. 

In A, B, C and D of Fig. 2-52, the sketches are 
obtained by plotting amplitude against time. 
However, it is equally helpful to be able to visual-
ize the spectrum, or what a plot of amplitude vs. 
frequency looks like, at any given instant of time. 
E, F, G and H of Fig. 2-52 show the signals of 
Fig. 2-52A, B, C and D on an amplitude-vs.-
frequency basis. Any one frequency is, of course, 
represented by a vertical line. Fig. 2-52H shows 
the side frequencies appearing as a result of the 
modulation process. 

Amplitude modulation (AM) is not the only 
possible type nor is it the only one in use. This 
and other types of modulation are treated in 
detail in later chapters. 
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Vacuum-Tube Principles 
• CURRENT IN A VACUUM 
The outstluiding difference between the 

vacuum tube and most other electrical devices 
is that the electric current does not flow through 
a conductor but through empty space — a 
vacuum. This is only possible when "free" 
electrons — that is, electrons that are not at-
tached to atoms — are somehow introduced 
into the vacuum. Free electrons in an evac-
uated space will be attracted to a positively-
charged object within the sanie space, or will 
be repelled by a negatively-charged object. 
The movement of the elections under the at-
traction or repulsion of such charged objects 
constitutes the current in the vacuum. 
The most practical way to introduce a suffi-

ciently-large number of electrons into the 
evacuated space is by thermionic emission. 

Thermionic Emission 

If a thin wire or filament is heated to in-
candescence in a vacuum, electrons near the 
surface are given enough energy of motion to 
fly off into the surrounding space. The higher 
the temperature, the greater the number of 
electrons emitted. A more general name for the 
filament is cathode. 

If the cathode is the only thing in the vacuum, 
most of the emitted electrons stay in its imme-
diate vicinity, forming a "cloud" about the 
cathode. The reason for this is that the elec-
trons in the space, being negative electricity, 
form a negative charge (space charge) in the 
legion of the cathode. The space charge repels 

Representative tube Is s• , . The miniature, metal-
envelope and small glu.- tubes in the foreground are 
receiving types. The two tubes with connections at the 
top of the bulb, lying down, are transmitting triodes of 
moderate power ratings. Those in the rear are trans-
mitting-type beam tetrodes. 

cathode, as indicated in Fig. 3-1, electrons emitted 
by the cathode are attracted to the positively-
charged conductor. An electric current then 
flows through the circuit formed by the cathode, 
the charged conductor, and the source of e.m.f. 
In Fig. 3-1 this e.m.f. is supplied by a battery 
("B" battery); a second battery ("A" battery) 
is also indicated for heating the cathode or 
filament to the proper operating temperature. 
The positively-charged conductor is usually 

a metal plate or cylinder (surrounding the 
cathode) and is called an anode or plate. Like 
the other working parts of a tube, it is a tube 
element or electrode. The tube shown in Fig. 
3-1 is a two-element or two-electrode tube, 
one element being the cathode or filament and 
the other the anode or plate. 

Since electrons are negative electricity, they 
will be attracted to the plate only when the 
plate is positive with respect to the cathode. 
If the plate is given a negative charge, the 
electrons will be repelled back to the cathode 
and no current will flow. The vacuum tube 
therefore can conduct only in one direction. 

Cathodes 

Before electron emission can occur, the 
cathode must be heated to a high temperature. 
However, it is not essential that the heating cur-
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those electrons nearest the cathode, tending to 
make them fall back on it. 
Now suppose a second conductor is intro-

duced into the vacuum, but not connected to 
anything else inside the tube. If this second 
conductor is given a positive charge by con-
necting a source of e.m.f. between it and the 

Direction 
of flow 

Hot 
Filament 

Positive 
— plate 

, 1 1_ 11111111 , 

3-1 — Conduction by thermionic emission in a 
vacuum tube. One battery is used to heat the filament to 
a temperature that will cause it to emit electrons. The 
other battery makes the plate positive with respect to 
the filament, thereby ca,isittg the emitted electrons to be 
attracted t,, the plate. Electrons captured by the plate 
flow bark ti gh the battery to the filament. 
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(A) (B) (C) (D) (E) 
Fig. 3-2 — Types of cathode construction. Directly-heated 
cathodes or filaments are shown at A, B, and C. The inverted V 
filament is used in small receiving tubes, the M in both receiving 
and transmitting tubes. The spiral filament is a transmitting. 
tube type. 'I'he indirectly-heated cathodes at I) and E show 
two type.- of heater construction, one a twisted loop and the 
other bunched heater wires. Both types tend to cancel the 
magnetic fields set up by the current through the heater. 

rent flow through the aetual material that does 
the emitting; the filament or heater can be 
electrically separate from the emitting cathode. 
Such a cathode is called indirectly heated, while 
an emitting filament is called directly heated. 
Fig. 3-2 shows both types in the forms in which 
they are commonly used. 
Much greater electron emission can be ob-

tained, at relatively low temperatures, by using 
special cathode materials rather than pure metals. 
One of these is thoriated tungsten, or tungsten 
in which thorium is dissolved. Still greater 
efficiency is achieved in the oxide-coated cath-
ode, a cathode in which rare-earth oxides 
form a coating over a metal base. 

Although the oxide-coated cathode has much 
the highest efficiency, it can be used successfully 
only in tubes that operate at rather low plate 
voltages. Its use is therefore confined to receiv-
ing-type tubes and to the smaller varieties of 
transmitting tubes. The thoriated filament; on 
the other hand, will operate well in high-voltage 
tubes. 

Plate Current 

If there is only a small positive voltage on the 
plate, the number of electrons reaching it will 
be small because the space charge (u hich is 
negative) prevents those electrons nearest the 
cathode from being attracted to the plate. As 
the plate voltage is increased, the effect of the 
space charge is increasingly overcome and the 
number of electrons attracted to the plate be-
comes larger. That is, the plate current increases 
with increasing plate voltage. 

Fig. 3-3 shows a typical plot of plate 
current vs. plate voltage for a two-ele-
ment tube or diode. A curve of this type 
can be obtained with the circuit shown, 
if the plate voltage is increased in small 
steps and a current reading taken (by 
means of the current-indicating instru-
ment — a "milliammeter") at each volt-
age. The plate current is zero with no 
plate voltage and the curve rises until a 
saturation point is reached. This is where 
the positive charge on the plate has sub-
stantially overcome the space charge and 

almost all the electrons are going to the 
plate. At higher voltages the plate cterent 
stays at practically the same value. 
The plate voltage multiplied by the 

plate current is the power input to the tube. 
In a circuit like t hat of Fig. 3-3 this power 
is all used in heat ing the plate. If the power 
inimit is large, the plate temperature may 
rise to a very high value ( the plate may 
become red or even white hot). The heat 
developed in the plate is radiated to the 
bulb of the tube, and in turn radiated by 
the bulb to the surrounding air. 

• RECTIFICATION 
Since current can flow through a tube in 

only one direction, a diode can be used to 
change alternating current into direct current. It 
does this by permitting current to flow when the 
plate is positive with respect to the cathode, 
but by shutting off current flow when the plate 
is negative. 

Fig. 3-4 shows a representative circuit. Al-
ternating voltage from the secondary of the 
transformer, T, is applied to the diode tube in 
series with a load resistor, R. The voltage 
varies as is usual with a.c., but current flows 
through the tube and R only when the plate 
is positive with respect to the cathode — that 
is, during the half-cycle when the upper end of 
the transformer winding is positive. During the 
negative half-cycle there is simply a gap in the 
current flow. This rectified alternating current 
therefore is an intermittent direct current. 
The load resistor, R, represents the actual 

circuit in which the rectified alternating current 
does work. All tubes work into a load of one 
type or another; in this respect a tube is much 
like a generator or transformer. A circuit that 
did not provide a load for the tube would be 
like a short-circuit across a transformer; no 
useful purpose would be accomplished and the 
only result would be the generation of heat 
in the transformer. So it is with vacuum tubes; 
they must deliver power to a load in order to 
serve a useful purpose. Also, to be efficient most 
of the power must do useful work in the load 
and not be used in heating the plate of the tube. 
This means that most of the voltage should ap-
pear as a drop across the load rather than as a drop 
between the p ate and cathode. 

1,1,1,111+ 

Salurahon 
Pole 

Increase 

Plate Voltage 

Fig. 3-3 — The diode, or two-element tube, and a typical curve 
showing how the plate current depends upon the voltage applied 
to the plate. 
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With the diode connected 

as shown in Fig. 3-4, the 
polarity of the voltage drop 
across the load is such that 
the end of the load nearest the 
cathode is positive. If the 
connections to t he diode ele-
ments are reversed, the direc-
tion of rectified current flow 
also will be reversed through 
the load. 

• TRIODES 
Grid Con trol 

If a third element — called the control grid, 
or simply grid — is inserted between the cath-
ode and plate as in Fig. 3-5, it can be used to 
control the effect of the space charge. If the 
grid is given a positive voltage with respect to 
the cathode, the positive charge will tend to 
neutralize the negative space charge. The 

Fig. 3-4 — Rectification in a diode. 
Current thoss only when the plate 
is positive with respect to the 
cathode, Sl, that only half-cycles of 
current flow through the load re-
sistor, R. 

Current 

Vacuum-Tube Amplifiers 

Fie 3-5 — Construction of an 
elementary triode vacuum tube, 
showing the filament, grid (with 
an end view of the grid wires) and 
plate. The relative density of the 
space charge is indicated roughly 
by the dot density. 

result is that, at any selected plate voltage, 
more electrons will flow to the plate than if the 
grid were not present. On the other hand, if 
the grid is made negative with respect to the 
cathode the negative charge on the grid will 
add to the space charge. This will reduce the 
number of electrons that can reach the plate 
at any selected plate voltage. 
The grid is inserted in the tube to control 

the space charge and not to attract 
electrons to itself, so it is made in the 
form of a wire mesh or spiral. Elec-
trons then can go through the open 
spaces in the grid to reach the plate. 

Characteristic Curves 

For any particular tube, the effect 
of the grid voltage on the plate cur-
rent can be shown by a set of char-
acteristic curves. A typical set of 
curves is shown in Fig. 3-6, together 
with the circuit that is used for get-
ting them. For each value of plate 
voltage, there is a value of negative 
grid voltage that will reduce the 
plate current to zero; that is, there is 
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a value of negative grid voltage that will cut off 
the plate current. 
The curves could be extended by making the 

grid voltage positive as well as negative. When 
the grid is negative, it repels electrons and there-
fore none of them reaches it; in other words, no 
current flows in the grid circuit. However, when 
the grid is positive, it attracts electrons and a 
current (grid current) flows, just as current flows 
to the positive plate. Whenever there is grid 
current there is an accompanying power loss in 
the grid circuit, but so long as the grid is negative 
no power is used. 

It is obvious that the grid can act as a valve 
to control the flow of plate current. Actually, 
the grid has a much greater effect on plate 
current flow than does the plate voltage. A 
small change in grid voltage is just as effective 
in bringing about a given change in plate current 
as is a large change in plate voltage. 
The fact that a small voltage acting on the 

grid is equivalent to a large voltage acting on 
the plate indicates the possibility of amplifica-
tion with the triode tube. The many uses of 
the electronic tube nearly all are based upon 
this amplifying feature. The amplified output 
is not obtained from the tube itself, but from the 
source of e.m.f. connected between its plate and 
cathode. The tube simply controls the power from 
this source, changing it to the desired form. 
To utilize the controlled power, a load must 

be connected in the plate or "output" circuit, 
just as in the diode case. The load may be 

-25 -20 -15 -lo 
G le Voltage 

F.g 3-6 — Grid-v iltage-vs.-plate-current curves at various fixed values 
o plate voltage WO for a typical small triode. Characteristic curves of 
this type can be taken by varying the battery voltages in the circuit 
at the right. 
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either a resistance or an impedance. The term 
"impedance" is frequently used even when 
the load is purely resistive. 

Tube Characteristics 

The physical construction of a triode deter-
mines the relative effectiveness of the grid 
and plate in controlling the plate current. If a 
very small change in the grid voltage has just 
as much effect on the plate current as a very 
large change in plate voltage, the tube is said 
to have a high amplification factor. Amplifica-
tion factor is commonly designated by the 
Greek letter p. An amplification factor of 20, 
for example, means that if the grid voltage is 
changed by 1 volt, the effect on the plate cur-
rent will be the same as when the plate voltage 
is changed by 20 volts. The amplification factors 
of triode tubes range from 3 to 100 or so. A high-4 
tube is one with an amplification factor of per-
haps 30 or more; medium-µ tubes have ampli-
fication factors in the approximate range 8 to 30, 
and low-p tubes in the range below 7 or S. 

It would be natural to think that a tube 
that has a large g would be the best amplifier, 
but to obtain a high la it is necessary to construct 
the grid with many turns of wire per inch, or in 
the form of a fine mesh. This leaves a relatively 
small open area for electrons to go through to 
reach the plate, so it is difficult for the plate to 
attract large numbers of electrons. Quite a large 
change in the plate voltage must be made to 
effect a given change in plate current. This 
means that the resistance of the plate-cathode 
path — that is, the plate resistance — of the 
tube is high. Since this resistance acts in series 
with the load, the amount of current that can 
be made to flow through the load is relatively 
small. On the other hand, the plate resistance 
of a low-g tube is relatively low. 
The best all-around indication of the effec-

tiveness of the tube as an amplifier is its trans-
conductance — also called mutual conductance. 
This characteristic takes account of both am-
plification factor and plate resistance, and there-
fore is a figure of merit for the tube. Transconduct-
ance is the change in plate current divided by the 
change in grid voltage that causes the plate-
current change (the plate voltage being fixed at 
a desired value). Since current divided by voltage 
is conductance, transconductance is measured in 
the unit of conductance, the mho. Practical 
values of transconductance are very small, so 
the micromho (one-millionth of a mho) is the 
commonly-used unit. Different types of tubes 
have transconductances ranging from a few 
hundred to several thousand. The higher the 
transconductance the greater the possible am-
plification. 

• AMPLIFICATION 
The way in which a tube amplifies is best 

shown by a type of graph called the dynamic 
characteristic. Such a graph, together with the 

circuit used for obtaining it, is shown in Fig. 3-7. 
The curves are taken with the plate-supply 
voltage fixed at the desired operating value. The 
difference between this circuit and the one shown 
in Fig. 3-6 is that in Fig. 3-7 a load resistance is 
connected in series with the plate of the tube. 
Fig. 3-7 thus shows how the plate current will 
vary, with different grid voltages, when the plate 
current is made to flow through a load and thus 
do useful work. 
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Fig. 3-7 — Dynamic characteristics of a small triode 
with various load resistances from 5000 to 100,000 ohms. 

The several curves in Fig. 3-7 are for various 
values of load resistance. When the resistance is 
small (as in the case of the 5000-ohm load) the 
plate current changes rather rapidly with a 
given change in grid voltage. If the load resistance 
is high (as in the 100,000-ohm curve), the change 
in plate current for the same grid-voltage change 
is relatively small, so the curve tends to be 
straighter. 

Fig. 3-8 is the same type of curve, but with 
the circuit arranged so that a source of alternating 
voltage (signal) is inserted between the grid and 
the grid battery ("C" battery). The voltage of 
the grid battery is fixed at —5 volts, and from 
the curve it is seen that the plate current at this 
grid voltage is 2 milliamperes. This current flows 
when the load resistance is 50,000 ohms, as 
indicated in the circuit diagram. If there is no 
a.c. signal in the grid circuit, the voltage drop in 
the load resistor is 50,000 X 0.002 = 100 volts, 
leaving 200 volts between the plate and cathode. 
When a sine-wave signal having a peak value of 

2 volts is applied in series with the bias voltage 
in the grid circuit, the instantaneous voltage at 
the grid will swing to —3 volts at the instant the 
signal reaches its positive peak, and to —7 volts 
at the instant the signal reaches its negative 
peak. The maximum plate current will occur at 
the instant the grid voltage is —3 volts. As shown 
by the graph, it will have a value of 2.65 milli-
amperes. The minimum plate current occurs at 
the instant the grid voltage is —7 volts, and has 
a value of 1.35 ma. At intermediate values of 
grid voltage, intermediate plate-current values 
will occur. 
The instantaneous voltage between the plate 
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Fig. 3-8 — Amplifier operation. When the plate current 
varies in response to the signal applied to the grid, a 
varying voltage drop appears across the load, R5, as 
shown by the dashed curve, E,. 1p is the plate current. 

and cathode of the tube also is shown on the 
graph. When the plate current is maximum, 
the instantaneous voltage drop in R„ is 50,000 
X 0.00265 = 132.5 volts; when the plate cur-
rent is minimum the instantaneous voltage 
drop in R0, is 50,000 X 0.00135 = 67.5 volts. 
The actual voltage between plate and cathode 
is the difference between the plate-supply po-
tential, 300 volts, and the voltage drop in the 
load resistance. The plate-to-cathode voltage 
is therefore 167.5 volts at maximum plate current 
and 232.5 volts at minimum plate current. 

This varying plate voltage is an a.c. voltage 
superimposed on the steady plate-cathode poten-
tial of 200 volts (as previously determined for 
no-signal conditions). The peak value of this a.c. 
output voltage is the difference between either 
the maximum or minimum plate-cathode voltage 
and the no-signal value of 200 volts. In the illus-
tration this difference is 232.5 — 200 or 200 — 
167.5; t hat is, 32.5 volts in either case. Since the 
grid signal voltage has a peak value of 2 volts, the 
voltage-amplification ratio of the amplifier is 
32.5;2 or 16.25. That is, approximately 16 times 
as much voltage is obtained frotn the plate circuit 
as is applied to the grid circuit. 

As shown by the drawings in Fig. 3-8, the 
alternating component of the plate voltage 
swings in the negative direction (with reference to 
the no-signal value of plate-cathode voltage) 
when the grid voltage swings in the positive 
direction, and vice versa. This means that the 
alternating component of plate voltage (that is, 
the amplified signal) is 180 degrees out of phase 
with the signal voltage on the grid. 

Bias 

The fixed negative grid voltage (called grid 
bias) in Fig. 3-8 serves a very useful purpose. 
One object of the type of amplification shown in 
this drawing is to obtain, front the plate circuit, 
an alternating voltage that has the same wave-
shape as the signal voltage applied to the grid. 
Tu do so, an operating point on the straight part 
of the curve must be selected. The curve must be 
straight in both directions from the operating 
point at least far enough to accommodate the 
maximum value of the signal applied to the grid. 
If the grid signal swings the plate current back 
and forth over a part of the curve that is not 
straight, as in Fig. 3-9, the shape of the a.c. 
wave in the plate circuit will not be the same as 
the shape of the grid-signal wave. In such a case 
the output waveshape u ill be distorted. 
A second reason for using negative grid bias is 

that any signal whose peak positive voltage does 
not exceed the fixed negative voltage on the grid 
cannot cause grid current to flow. With no cur-
rent flow there is no power consumption, so the 
tube will amplify without taking any power from 
the 'signal source. (However, if the positive peak 
of the signal does exceed the negative bias, cur-
rent will flow in the grid circuit during the time 
the grid is positive.) 

Distortion of the output waveshape that 
results from working over a part of the curve that 
is not straight (that is, a nonlinear part of the 
curve) has the effect of transforming a sine-wave 
grid signal into a more complex maveform. As 
explained in an earlier chapter, a complex wave 
can be resolved into a fundamental and a series 
of harmonics. In other words, distortion from 
nonlinearity causes the generation of harmonic 
frequencies — f.equencies that are not present 
in the signal applied to the grid. Harmonic dis-
tortion is undesirable in most amplifiers, although 
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Fig. 3-9 — Harmonic distortion resulting from choice 
of an operating point on the curved part of the tube 
characteristic. The loiter half-cycle of plate current (lows 
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there are occasions when harmonics are deliber-
ately generated and used. 

Amplifier Output Circuits 

The useful output of a vacuum-tube amplifier 
is the alternating component of plate current or 
plate voltage. The d.c. voltage on the plate of the 
tube is essential for the tube's operation, but it 
almost invariably would cause difficulties if it 
were applied, along with the a.c. output voltage, 
to the load. The output circuits of vacuum tubes 
are therefore arranged so that the a.c. is trans-
ferred to the load but the d.c. is not. 

Three types of coupling are in common use at 
audio frequencies. These are resistance coupling, 
impedance coupling, and transformer coupling. 
They are shown in Fig. 3-10. In all three cases 
the output is shown coupled to the grid circuit of 
a subsequent amplifier tube, but the same types 
of circuits can be used to couple to other devices 
than tubes. 

In the resistance-coupled circuit, the a.c. 
voltage developed across the plate resistor R„ 
(that is, between the plate and cathode of the 
tube) is applied to a second resistor, kg, through 
a coupling condenser, Cc. The condenser "blocks 
off" the d.c. voltage on the plate of the first tube 
and prevents it from being applied to t he grid of 
tube B. The latter tube has negative grid bias 
supplied by the battery shown. No current flows 
in t he grid circuit of tube B and there is therefore 
no d.c. voltage drop in R.; in other words, the 
full voltage of the bias battery is applied to the 
grid of tube B. 
The grid resistor, kg, usually has a rather high 

value (0.5 to 2 megohms). The reactance of the 
coupling condenser, C,„ must be low enough 
compared with the resistance of R. so that the 
a.c. voltage drop in Cg is negligible at the lowest 
frequency to be amplified. If R. is at least 0.5 
megohm, a 0.1-afd. condenser will be amply large 
for the usual range of audio frequencies. 
So far as the alternating component of plate 

voltage is concerned, it will be realized that if the 
voltage drop in Co is negligible then I?, and R. 
are effectively in parallel (although they are 
quite separate so far as d.c. is concerned). The 
resultant parallel resistance of the two is there-
fore the actual load resistance for the tube. That 
is why Rg is made as high in resistance as possi-
ble; then it will have the least effect on the load 
represented by k1,. 
The impedance-coupled circuit differs from 

that using resistance coupling only in the sub-
stitution of a high-inductance coil (usually sev-
eral hundred henrys for audio frequencies) for the 
plate resistor. The advantage of using an in-
ductance rather than a resistor is that its im-
pedance is high for alternating currents, but its 
resistance is relatively low for d.c. It thus permits 
obtaining a high value of load impedance for a.c. 
without an excessive d.c. voltage drop that 
would use up a good deal of the voltage from the 
plate supply. 
The transformer-coupled amplifier uses a trans-

former with its primary connected in the plate 
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Fig. 3-10 — Three basic forms of coupling between 
vacuum-tube amplifiers. 

circuit of the tube and its secondary connected 
to the load (in the circuit shown, a following 
amplifier). There is no direct connection between 
the two windings, so the plate voltage on tube A 
is isolated from the grid of tube B. The trans-
former-coupled amplifier has the same advantage 
as the impedance-coupled circuit with respect to 
loss of voltage from the plate supply. Also, if the 
secondary has more turns than the primary, the 
output voltage will be "stepped up" in propor-
tion to the turns ratio. 

Resistance coupling is simple, inexpensive, and 
will give the same amount of amplification — or 
voltage gain — over a wide range of frequencies; 
it will give substantially the same amplification 
at any frequency in the audio range, for example. 
Impedance coupling will give somewhat more 
gain, with the same tube and same plate-supply 
voltage, than resistance coupling. However, it is 
not quite so good over a wide frequency range; 
it tends to "peak," or give maximum gain, over 
a comparatively narrow band of frequencies. 
With a good transformer the gain of a trans-
former-coupled amplifier can be kept fairly 
constant over the audio-frequency range. On the 
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other hand, transformer coupling in voltage 
amplifiers (see below) is best suited to triodes 
having amplification factors of about 10 or less, 
for the reason that the primary inductance of a 
practicable transformer cannot be made large 
enough to work well with a tube having high 
plate resistance. 
An amplifier in which voltage gain is the pri-

mary consideration is called a voltage amplifier. 
Maximum voltage gain is secured when the load 
resistance or impedance is made as high as pos-
sible in comparison with the plate resistance of 
the tube. In such a case, the major portion of the 
voltage generated will appear across the load and 
only a relatively small part will be "lost" in the 
plate resistance. 

Voltage amplifiers belong to a group called 
Class A amplifiers. A Class A amplifier is one 
operated so that the waveshape of the output 
voltage is the ›ame as that of the signal voltage 
applied to the grid. If a Class A amplifier is 
biased so that the grid is always negative, even 
with the largest signal to be handled by the grid, 
it is called a Class At amplifier. Voltage ampli-
fiers are always Class A1 amplifiers, and their 
primary use is in driving a following Class A1 
amplifier. 

Power Amplifiers 

The end result of any amplification is that the 
amplified signal does some work. For example, an 
audio-frequency amplifier usually drives a loud-
speaker that in turn produces sound waves. The 
greater the amount of al. 'purer supplied to the 
'speaker, thy louder thy sound it will produce. 

Output 
Transformer 

Fig. 3-11— An tlementary power-amplifier circuit in 
which the power-consuming load is coupled to the plate 
circuit through an impedance-matching transformer. 

Fig. 3-11 shows an elementary power-amplifier 
circuit. It is simply a transformer-coupled ampli-
fier with the load connected to the secondary. 
Although the load is shown as a resistor, it 
actually would be some device, such as a loud-
speaker, that employs the power usefully. Every 
power tube requires a specific value of load 
resistance from plate to cathode, usually some 
thousands of ohms, for optimum operation. The 
resistance of the actual load is rarely the right 
value for "matching" this optimum load re-
sistance, so the transformer turns ratio is chosen 
to reflect the proper value of resistance into the 
primary. The turns ratio may be either step-up 
or step-down, depending on whether the actual 
load resistance is higher or lower than the load 
the tube wants. 

The power-amplification ratio of an ampli-
fier is the ratio of the power output obtained 
from the plate circuit to the power required 
from the a.c. signal in the grid circuit. There is 
no power lost in the grid circuit of a Class Ai 
amplifier, so such an amplifier has an infinitely 
large power-amplification ratio. However, it is 
quite possible to operate a Class A amplifier 
in such a way that current flows in its grid 
circuit during at least part of the cycle. In such 
a case power is used up in the grid circuit and 
the power amplification ratio is not infinite. 
A tube operated in this fashion is known as a 
Class A2 amplifier. It is necessary to use a power 
amplifier to drive a Class A2 amplifier, because a 
voltage amplifier cannot deliver power without 
serious distortion of the wave-shape. 

Another term used in connection with power 
amplifiers is power sensitivity. In the case of a 
Class Al amplifier, it means the ratio of power 
output to the grid signal voltage that causes it. 
If grid current flows, the term usually means 
the ratio of plate power output to grid power 
input. 
The a.c. power that is delivered to a load by 

an amplifier tube has to be paid for in power 
taken from the source of plate voltage and 
current. In fact, there is always more power 
going into the plate circuit of the tube than is 
coming out as useful output. The difference 
between the input and output power is used up 
in heating the plate of the tube, as explained 
previously. The ratio of useful power output 
to d.c. plate input is called the plate efficiency. 
The higher the plate efficiency, the greater the 
amount of power that can be taken from a tube 
having a fixed plate-dissipation rating. 

Parallel and Push-Pull 

When it is necessary to obtain more power 
output than one tube is capable of giving, two 
or more similar tubes may be connected in 
parallel. In this case the similar elements in all 
tubes are connected together. This method is 
shown in Fig. 3-12 for a transformer-coupled 
amplifier. The power output is in proportion 
to the number of tubes used; the grid signal 
or exciting voltage required, however, is the 
same as for one tube. 

If the amplifier operates in such a way as to 
consume power in the grid circuit, the grid power 
required is in proportion to the number of tubes 
used. 
An increase in power output also can be 

secured by connecting two tubes in push-pull. 
In this case the grids and plates of the two 
tubes are connected to opposite ends of a balanced 
circuit as shown in Fig. 3-12. At any instant the 
ends of the secondary winding of the input 
transformer, 7'1, will be at opposite polarity 
with respect to the cathode connection, so the 
grid of one tube is swung positive at the sanie 
instant that the grid of the other is swung 
negative. Hence, in . any push-pull-connected 
amplifier the voltages and currents of one tube 
are out of phase with those of the other tube. 
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Fig. 3-12 — Parallel and push-pull al. amplifier circuits. 

In push-pull operation the even-harmonic 
(second, fourth, etc.) distortion is balanced out 
in the plate circuit. This means that for the 
same power output the distortion will be less 
than with parallel operation. 
The exciting voltage measured between the 

two grids must be twice that required for one 
tube. If the grids consume power, the driving 
power for the push-pull amplifier is twice that 
taken by either tube alone. 

Cascade Amplifiers 

It is readily possible to take the output of one 
amplifier and apply it as a signal on the grid of 
a second amplifier, then take the second ampli-
fier's output and apply it to a third, and so on. 
Each amplifier is called a stage, and a number 
of stages used successively are said to be in 
cascade. 

Class B Amplifiers 

Fig. 3-13 shows two tubes connected in a 
push-pull circuit. If the grid bias is set at the 
point where (when no signal is applied) the 
plate current is just cut off, then a signal can 
cause plate current to flow in either tube only 
when the signal voltage applied to that par-
ticular tube is positive. Since in the balanced 
grid circuit the signal voltages on the grids of 
the two tubes always have opposite polarities, 
plate current flows only in one tube at a time. 
The graphs show the operation of such an 

amplifier. The plate current of tube B is drawn 
inverted to show that it flows in the opposite 
direction, through the primary of the output 
transformer, to the plate current of tube A. 
Thus each half of the output-transformer pri-
mary works alternately to induce a half-cycle 
of voltage in the secondary. In the secondary 
of T2, the original waveform is restored. This 
type of operation is called Class B amplification. 
The Class B amplifier is considerably more 

efficient than the Class A amplifier. Further-

more, the d.c. plate current of a Class B am-
plifier is proportional to the signal voltage on 
the grids, so the power input is small with small 
signals. The d.c. plate power input to a Class A 
amplifier is the same whether the signal is large, 
small, or absent altogether; therefore the maxi-
mum input that can be applied to a Class A 
amplifier is equal to the rated plate dissipation 
of the tube or tubes. Two tubes in a Class B 
amplifier can deliver approximately twelve times 
as much audio power as the same two tubes in 
a Class A amplifier. 
A Class B amplifier usually is operated in 

such a way as to secure the maximum possible 
power output. This requires rather large values 
of plate current and to obtain them the grids 
must be driven positive with respect to the 
cathode during at least part of the cycle, so grid 
current flows and the grid circuit consumes 
power. While the power requirements are fairly 
low (as compared with the power output), the 
fact that the grids are positive during only part 
of the cycle means that the load on the preceding 
amplifier or driver stage varies in magnitude 
during the cycle; the effective load resistance is 
high when the grids are not drawing current and 
relatively low when they do take current. This 
must be allowed for when designing the driver. 

Certain types of tubes have been designed 
specifically for Class B service and can be 
operated without fixed or other form of grid 
bias ("zero-bias" tubes). The amplification factor 
is so high that the plate current is small without 
signal. Because there is no fixed bias, the grids 
start drawing current immediately whenever a 
signal is applied, so the grid-current flow is 
continuous throughout the cycle. This makes the 
load on the driver much more constant than is 
the case with tubes of lower p biased to plate-
current cut-off. 

Class B amplifiers used at radio frequencies 
are known as linear amplifiers because they are 
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Fig. 3-13 — Class B amplifier operation. 
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adjusted to operate in such a way that the power 
output is proportional to the square of the r.f. 
exciting voltage. This permits amplification of 
a modulated r.f. signal without distortion. Push-
pull is not required in this type of operation; a 
single tube can be used equally well. 

Class AB Amplifiers 

A Class AB amplifier is a push-pull amplifier 
with higher bias than would be normal for pure 
Class A operation, but less than the cut-off 
bias required for Class B. At low signal levels 
the tubes operate practically as Class A am-
plifiers, and the plate current is the same with or 
without signal. At higher signal levels, the plate 
current of one tube is eut, off during part of the 
negative cycle of the signal applied to its grid, 
and the plate current of the other tube rises with 
the signal. The plate current for the whole 
amplifier also rises above the no-signal level 
when a large signal is applied. 

In a properly-designed Class AB amplifier 
the distortion is as low as with a Class A stage, 
but the efficiency and power output are con-
siderably higher than with pure Class A opera-
tion. A Class AB amplifier can be operated 
either with or without driving the grids into 
the positive region. A Class AB' amplifier is 
one in which the grids are never positive with 
respect to the cathode; therefore, no driving 
power is required — only voltage. A Class AB2 
amplifier is one that has grid-current flow during 
part of the cycle if the applied signal is large; 
it takes a small amount óf driving power. The 
Class AB2 amplifier will deliver somewhat more 
power (using the same tubes) but the Class AB' 
amplifier avoids the problem of designing a driver 
that will deliver power, without distortion, into 
a load of highly-variable resistance. 

Operating Angle 

Inspection of Fig. 3-13 shows that either of 
the two tubes actually is working for only half 
the a.c. cycle and idling during the other half. 
It is convenient to describe the amount of time 
during which plate current flows in terms of 
electrical degrees. In Fig. 3-13 each tube has 
"180-degree" excitation, a half-cycle being equal 
to 180 degrees. The number of degrees during 
which plate current flows is called the operating 
angle of the amplifier. From the descriptions 
given above, it should be clear that a Class A 
amplifier has 360-degree excitation, because plate 
current flows during the whole cycle. In a Class 
AB amplifier the operating angle is between 180 
and 360 degrees (in each tube) depending on the 
particular operating conditions chosen. The 
greater the amount of negative grid bias, the 
smaller the operating angle becomes. 
An operating angle of less than 180 degrees 

leads to a considerable amount of distortion, 
because there is no way for the tube to reproduce 
even a half-cycle of the signal on its grid. Using 
two tubes in push-pull, as in Fig. 3-13, would 
merely put together two distorted half-cycles. 
An operating angle of less than 180 degrees 

therefore cannot be used if distortionless output 
is wanted. 

Class C Amplifiers 

In power amplifier> operating at radio fre-
quencies distortion of the r.f. waveform is rela-
tively unimportant. For reasons described later 
in this chapter, an r.f. amplifier must be operated 
with tuned circuits, and the selectivity of such 
circuits "filters out" the r.f. harmonies resulting 
from distortion. 
A radio-frequency power amplifier therefore 

can be used with an operating angle of less than 
180 degrees. This is called Class C operation. The 
advantage is that the plate efficiency is in-
creased, because the loss in the plate is propor-
tional, among other things, to the amount of 
time during which the plate current flows, and this 
time is reduced by decreasing the operating angle. 
Depending on the type of tube, the optimum 

load resistance for a Class C amplifier ranges 
from about 1500 to 5000 ohms. It is usually 
secured by using tuned-circuit arrangements, of 
the type described in the chapter on circuit 
fundamentals, to transform the resistance of the 
actual load to the value required by the tube. 
The grid is driven well into the positive region, 
so that grid current flows and power is consumed 
in the grid circuit. The smaller the operating 
angle, the greater the driving voltage and the 
larger the grid driving power required to develop 
full output in the load resistance. The best com-
promise between driving power, plate efficiency, 
and power output usually results when the 
minimum plate voltage (at the peak of the driv-
ing cycle, when the plate current reaches its 
highest value) is just equal to the peak positive 
grid voltage. Under these conditions the operat-
ing angle is usually from 150 to 180 degrees and 
the plate efficiency lies in the range of 70 to 80 
percent. While higher plate efficiencies are pos-
sible, attaining them requires excessive driving 
power and grid bias, together with higher plate 
voltage than is "normal" for the particular tube 
type. 
With proper design and adjustment, a Class C 

amplifier can be made to operate in such a way 
that the power input and output are proportional 
to the square of the applied plate voltage. This is 
an important consideration when the amplifier is 
to be plate-modulated for radiotelephony, as 
described in the chapter on amplitude modula-
tion. 

• FEED-BACK 
It is possible to take a part of the amplified 

energy in the plate circuit of an amplifier and 
insert it into the grid circuit. When this is done 
the amplifier is said to have feed-back. 

If the voltage that is inserted in the grid cir-
cuit is 180 degrees out of phase with the signal 
voltage acting on the grid, the feed-back is called 
negative, or degenerative. On the other hand, if 
the voltage is fed back in phase with the grid 
signal, the feed-back is called positive, or re-
generative. 
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Negative Feed-Back 

With negative feed-back the voltage that is fed 
back opposes the signal voltage. This decreases 
the amplitude of the voltage acting between the 
grid and cathode and thus has the effect of reduc-
ing the voltage amplification. That is, a larger 
exciting voltage is required for obtaining the 
same output voltage from the plate circuit. 
The greater the amount of negative feed-back 

(when properly applied) the more independent 
the amplification becomes of tube characteristics 
and circuit conditions. This tends to make the 
frequency-response characteristic of the amplifier 
flat — that is, the amplification tends to be the 
same at all frequencies within the range for 
which the amplifier is designed. Also, any distor-
tion generated in the plate circuit of the tube 
tends to "buck itself out." Amplifiers with nega-
tive feed-back are therefore comparatively free 
from harmonie distortion. These advantages are 
worth while if the amplifier otherwise has enough 
voltage gain for its intended use. 

Signal 

Signal 

(A) 

(B) 

Fig. 3-14 — Simple circuits for producing feed-back. 

In the circuit shown at A in Fig. 3-14 resistor 
R. is in series with the regular plate resistor, R.„ 
and thus is a part of the load for the tube. There-
fore, part of the output voltage will appear across 
I?„ However, R. also is connected in series with 
the grid circuit, and so the output voltage that 
appears across Rc is in series with the signal 
voltage. The output voltage across Rc opposes 
the signal voltage, so the actual a.c. voltage 
between the grid and cathode is equal to the 
difference between the two voltages. 
The circuit shown at B in Fig. 3-14 can be used 

to give either negative or positive feed-back. The 
secondary of a transformer is connected back 
into the grid circuit to insert a desired amount of 
feed-back voltage. Reversing the terminals of 
either transformer winding (but not both simul-
taneously) will reverse the phase. 

Positive Feed-Back 

Positive feed-back increases the amplification 
because the feed-back voltage adds to the original 
signal voltage and the resulting larger voltage on 

the grid causes a larger output voltage. The 
amplification tends to be greatest at one fre-
quency (depending upon the particular circuit 
arrangement) and harmonic distortion is in-
creased. If enough energy is fed back, a self-
sustaining oscillation — in which enemy at essen-
tially one frequency is generated by the tube 
itself — will be set up. In such case all the signal 
voltage on the grid can be supplied from the 
plate circuit; no external signal is needed because 
any small irregularity in the plate current — and 
there are always some such irregularities — will 
be amplified and thus give the oscillation an 
opportunity to build up. Oscillations obviously 
would be undesirable in an ordinary audio-
frequency amplifier, and for that reason (as well 
as the others mentioned above) the use of positive 
feed-Itack is e( ot fined principally to "oscillators." 

• INTERELECTRODE CAPACITANCES 
Each pair of elements in a tube forms a small 

condenser, with each element acting as a con-
denser "plate." There are three such capacitances 
in a triode — that between the grid and cathode, 
that between the grid and plate, and that be-
tween the plate and cathode. The capacitances 
are very small — only a few micromicrofarads at 
most — but they frequently have a very pro-
nounced effect on the operation of an amplifier 
circuit. 

Input Capacitance 

It was explained previously that the a.c. grid 
voltage and a.c. plate voltage of an amplifier 
having a resistive load are 180 degrees out of 
phase, using the cathode of the tube as a reference 
point. However, these two voltages are in phase 
going around the circuit from plate to grid as 
shown in Fig. 3-15. This means that their sum is 
acting between the grid and plate; that is, across 
the grid-plate capacitance of the tube. 
As a result, a capacitive current flows around 

the circuit, its amplitude being directly propor-
tional to the sum of the a.c. grid and plate 
voltages and to the grid-plate capacitance. The 
source of grid signal must furnish this amount of 
current, in addition to the capacitive current that 
flows in the grid-cathode capacitance. Hence the 
signal source "sees" an effective capacitance that 
is larger than the grid-cathode capacitance. The 
greater the voltage amplification the greater this 
effective input capacitance. The input capaei-

Ep 

Fig. .3-15 The a.c. voltage appearing between the 
grid and plate of the amplifier is the sum of the signal 
voltage and the output voltage, as shown by this sim-
plified circuit. Instantaneous polarities are indicated. 



62 CHAPTER 3 

tance of a resistance-coupled amplifier is given by 
the formula 

Cinput = Gn(A -1- 1) 
where CA is the grid-to-cathode capacitance, 
C„, is t he grid-to-plate capacitance, and A is the 
voltage amplification. The capacitance may be 
as much as several hundred micromicrofarads 
when the voltage amplification is large, even 
though the interelectrode capacitances are quite 
small. 

Output Capacitance 

The principal component of the output ca-
pacitance of an amplifier is the actual plate-to-
cathode capacitance of the tube. The output 
capacitance usually need not be considered in 
audio amplifiers, but becomes of importance at 
radio frequencies. 

Tube Capacitance at R.F. 

At radio frequencies the reactances of even 
very small interelectr•ode capacitances drop to 
very low values. A resistance-coupled amplifier 
cannot be used at r.f., for example, because the 
reactances of the interelectrode "condensers" are 
so low that they practically short-circuit the 
input and output circuits and thus the tube is 
unable to amplify. This is overcome at radio 
frequencies by using tuned circuits for the grid 
and plate, making the tube capacitances part of 
the tuning capacitances. In this way the circuits 
can have the high resistive impedances necessary 
for satisfactory amplification. 
The grid-plate capacitance is important at 

radio frequencies because it is, in effect, a cou-
pling condenser between the grid and plate cir-
cuits. Since its reactance is relatively low at r. f., 
it offers a path over which energy can be fed back 
from the plate to the grid. In practically every 
case the feed-back is in the right phase and of 
sufficient amplitude to cause oscillation, so the 
circuit becomes useless as an amplifier. 

Special "neutralizing" circuits can be used to 
prevent feed-back but they are, in general, not 
too satisfactory when used in radio receivers. 
They are, however, widely used in transmitters. 

• SCREEN-GRID TUBES 

The grid-plate capacitance call be reduced to a 
negligible value by inserting a second grid be-
tween the control grid and the plate, as indicated 
in Fig. 3-16. The second grid, called the screen 
grid, acts as an electrostatic shield to prevent 
capacitive coupling between the control grid and 
plate. It is made in the form of a grid or coarse 
screen so that electrons can pass through it. 

Because of the shielding action of the screen 
grid, the positively-charged plate cannot attract 
electrons from the cathode as it does in a triode. 
In order to get electrons to the plate, it is also 
necessary to apply a positive voltage (with 
respect to the cathode) to the screen. The screen 
then attracts electrons much as does the plate in 
a triode tube. In traveling toward the screen the 
electrons acquire such velocity that most of them 

shoot between the screen wires and then are 
attracted to the plate. A certain proportion do 
strike the screen, however, with the result that 
some current also flows in the screen-grid circuit. 
To be a good shield, the screen grid must be 

connected to the cathode through a circuit that 
has low impedance at the frequency being ampli-
fied. A by-pass condenser from screen grid to 
cathode, having a reactance of not more than a 
few hundred ohms, is generally used. 
A tube having a cathode, control grid, screen 

grid and plate (four elements) is called a tetrode. 
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Fig. 3-16 — Represent-
ative arrangement of 
elements in a screen. 
grid tube, o ith front part 
of plate and screen grid 
cut away. In till: drau-
ing the C011troGgrid con-
nection is made through 
a cap on the top of the 
tube. thus el a ting 
the capacitance that 
would exist betoeen the 
plate- and grid-lead wires 
if both passed through 
the lease. "Single-ended" 
tubes that have both 
leads going th r gil the 
base use .: oceial 

Mg and con-truci  to 
eliminate Mterlead ca-
pacitance. 

Pentodes 

When an electron traveling at appreciable 
velocity through a tube strikes the plate it dis-
lodges other electrons which "splash" from the 
plate into the interelement space. This is called 
secondary emission. In a triode the negative grid 
repels the secondary electrons back into the plate 
and they cause no disturbance. In the screen-grid 
tube, however, the positively-charged screen 
attracts the secondary electrons, causing a reverse 
current to flow between screen and plate. 
To overcome the effects of secondary emission, 

a third grid, called the suppressor grid, may be 
inserted between the screen and plate. This grid, 
which usually is connected directly to the cath-
ode, repels the relatively low-velocity secondary 
electrons. They are driven back to the plate 
without appreciably obstructing the regular 
plate-current flow. A five-element tube of this 
type is called a pentode. 

Although the screen grid in either the tetrode 
or pentode greatly reduces the influence of the 
plate upon plate-current flow, the control grid 
still can control the plate current in essentially 
the same way that it does in a triode. Conse-
quently, the grid-plate transconductance (or 
mutual conductance) of a tetrode or pentode will 
be of the same order of value as in a triode of cor-
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responding structure. On the other hand, since 
a change in plate voltage has very little effect on 
the plate-current flow, both the amplification 
factor and plate resistance of a pentode or tetrode 
are very high. In small receiving pentodes the 
amplification factor is of the order of 1000 or 
higher, while the plate resistance may be from 
0.5 to 1 or more megohms. Because of the high 
plate resistance, the actual voltage amplification 
possible with a pentode is very much less than 
the large amplification factor might indicate. A 
voltage gain in the vicinity of 50 to 200 is typical 
of a pentode stage. 

In practical screen-grid tubes the grid-plate 
capacitance is only a small fraction of a micro-
microfarad. This capacitance is too small to cause 
an appreciable increase in input capacitance as 
described in the preceding section, so the input 
capacitance of a screen-grid tube is simply the 
sum of its grid-cathode capacitance and control-
grid-to-screen capacitance. The output capad-
tame of a screen-grid tube is equal to the capaci-
tance between the plate and screen. 

Pentode R.F. Amplifier 

Fig. 3-17 shows a simplified form of r.f. am-
plifier circuit using a pentode tube. Radio-
frequency energy in the small coil coupled to L1 
is built up in voltage in the tuned circuit, L 
when /4'1 is tuned to resonance with the fre-
quency of the incoming signal. The voltage that 
appears across L ICI is applied to the grid and 
cathode of the tube and is amplified by the tube. 
A second resonant circuit, L2C2, is the load for the 
plate of the tube, its parallel impedance being 
high because it is tuned to resonance with the 
frequency applied to the grid. R.f. output can be 
taken from the coil coupled to L2. The screen-
grid voltage is obtained from a tap on the plate 
battery; most tubes are designed for operation 
with the screen voltage considerably lower than 
the plate voltage. In this circuit the batteries are 
assumed to have low impedance for the r.f. cur-
rent; in a practical circuit, by-pass condensers 
would be used to make sure that the impedances 
of the return paths are so low as to be negligible. 

Audio Amplification 

In addition to their applications as radio-
frequency amplifiers, pentode or tetrode screen-
grid tubes also can be constructed for audio-
frequency power amplification. In tubes designed 
for this purpose the chief function of the screen 
is to serve as an accelerator of the electrons, so 
that large values of plate current can be drawn 
at relatively low plate voltages. Such tubes have 
quite high power sensitivity compared with 
triodes of the same power output, although har-
monic distortion is somewhat greater. 

Beam Tubes 

A beam tetrode is a four-element screen-grid 
tube constructed in such a way that the electrons 
are formed into concentrated beams on their way 
to the plate. Additional design features overcome 
the effects of secondary emission so that a sup-

2 

R FOut 
 o 

Fig. 3-17 — Shnplified pentode r.f.-amplifier circuit. 
MCI and L2C2 are tuned to the same frequency. 

pressor grid is not needed. The "beam" con-
struction makes it possible to draw large plate 
currents at relatively low plate voltages, and 
increases the power sensitivity. 

For power amplification at both audio and 
radio frequencies beam tetrodes have largely 
supplanted the pentode type because large power 
outputs can be secured with very small amounts 
of grid driving power. The circuits with which 
they are used are practically identical with those 
used for pentodes. 
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40 -30 -20 -10 
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Fig. 3-18 — Curves showing the relationship between 
mutual conductance and negative grid bias for two 
small receiving pentodes, one a sharp cut-off type and 
the other a variabh•-p type. 

Variable-4u Tubes 

The mutual conductance of a vacuum tube 
decreases with increasing negative grid bias, as-
suming that the other electrode voltages are held 
constant. Since the mutual conductance controls 
the amount of amplification, it is possible to ad-
just the gain of the amplifier by adjusting the 
grid bias. This method of gain control is uni-
versally used in radio-frequency amplifiers de-
signed for receivers. Some means of controlling 
the r.f. gain is essential in a receiver having a 
number of amplifiers, because of the wide range 
in the strengths of the incoming signals. 
The ordinary type of tube has what is known 

as a sharp cut-off characteristic. The mutual 
conductance decreases at a uniform rate as the 
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negative bias is increased, as shown in Fig. 3-18. 
The amount of signal voltage that such a tube 
can handle without causing distortion is not 
sufficient to take care of very strong signals. To 
overcome this, some tubes are made with a 
variable-g characteristic (that is, the amplifica-
tion factor changes with the grid bias), resulting 
in the type of curve shown in Fig. 3-18. The 
variable-µ tube can handle a much larger signal 
than the sharp cut-off type befo-e the signal 
swings either beyond the zero grid-bias point or 
the plate-current cut-off point. 

• OTHER TYPES OF AMPLIFIERS 
In the amplifier circuits so far discussed, the 

signal has been applied between the grid and 
cathode and the amplified output has been taken 
from the plate-to-cathode circuit. That is, the 
cath9de has been the meeting point for the input 
and output circuits. However, it is possible to use 
any one of the three principal elements as the 
common point. This leads to two different kinds 
of amplifiers, commonly called the grounded-grid 
amplifier (or grid-separation circuit) and the 
cathode follower. 

Fig. 3-19 — In the 
upper circuit, the 
grid is the junction 
point between the 
input and output 
circuits. In the 
lower dram ing, the 
plate is the junc-
tion. In either case 
the output is de-
veloped in the load 
resistor, R, and 
may be coupled to 
a following ampli-
fier bv the usual 
metho.ds. 

Signal 

Signal 

II 
GROUNDED-GRID AMPLIFIER 

CATHODE FOLLOWER 

These two circuits are shown in simplified form 
in Fig. 3-19. In both circuits the resistor R repre-
sents the load into which the amplifier works; 
the actual load may be resistance-capacitance-
coupled, transformer-coupled, may be a tuned 
circuit if the amplifier operates at radio fre-
quencies, and so on. Also, in both circuits the 
batteries that supply grid bias and plate power 
are assumed to have such negligible impedance 
that they do not enter into the operation of the 
circuits. 

Grounded-Grid Amplifier 

In the grounded-grid amplifier the input signal 
is applied between the cathode and grid, and the 
output is taken between the plate and grid. The 
grid is thus the common element. The plate cur-
rent (including the a.c. component) has to flow 
through the signal source to reach the cathode. 
This source always has appreciable impedance, 

and the alternating plate current causes a voltage 
drop that is out of phase with the signal and t lu 
circuit is therefore degenerative. Also, since the 
source of signal is in series with the load through 
the plate-to-eathode resistance of the tube, some 
of the power in the load is supplied by the signal 
source. The result is that the signal source is 
called upon to furnish a considerable amount of 
power. 
The input impedance of the grounded-grid 

amplifier consists of a capacitance, calculated in a 
similar way as for the grounded-cathode am-
plifier, in parallel with an equivalent resistance 
represent ing the power furnished by the driving 
sourcc to the load. The output impedance, 
neglecting the interelectrode capacitances, is 
equal to the plate resistance of the t ube. This is 
the same as in the ease of the grounded-cathode 
amplifier. 
The grounded-grid amplifier finds its chief ap-

plication at v.h.f. and u.h.f., where the more con-
ventional amplifier circuit fails to work properly. 
With a triode tube designed for this type of 
operation, an r.f. amplifier can be built that is 
free from the type of feed-back that causes 
oscillation. This requires that the grid act as a 
shield between the cathode and plate, reducing 
the plate-cathode capacitance to a very low value. 

Cathode Follower 

The cathode follower uses the plate of the tube 
as the common element. The input signal is ap-
plied between the grid and plate (assuming 
negligible impedance in the batteries) and the 
output is taken from between cathode and plate. 
This circuit, like the grounded-grid amplifier, is 
degenerative; in fact, all of the output voltage is 
fed back into the input circuit. The input signal 
therefore has to be larger than the output 
voltage; that is, the cathode follower gives a loss 
in voltage, although it gives the same power gain 
as other circuits. 
An important feature of the cathode follower is 

its low output impedance, which is given by the 
formula (neglecting the grid-to-cathode ca-
pacitance) 

r, 
Zoutput 

1 + 

where rp is the tube plate resistance and µ is the 
amplification factor. This is a valuable charac-
teristic in an amplifier designed to cover a wide 
band of frequencies. In addition, the input ca-
pacitance is only a fraction of the grid-to-cathode 
capacitance of the tube, a feature of further 
benefit in a wide-band amplifier. The cathode 
follower is useful as a step-down impedance 
transformer, since the input impedance is high 
and the output impedance is low. 

• CATHODE CIRCUITS AND GRID BIAS 
Most of the equipment used by amateurs is 

powered by the a.c. line. This includes the fila-
ments or heaters of vacuum tubes. Although 
supplies for the plate (and sometimes the grid) 
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Grid 
Return 

(A) 

Plate 
Return 

Fig. 3-20 — Filament center-tapping 
heated tubes. 

Grid 
Return 

methods for use with directly. 

are usually rectified and filtered to give pure d.c. 
— that is, direct current that is constant and 
without a superimposed a.c. component — the 
relatively large currents required by filaments 
and heaters usually make a rectifier-type d.c. 
supply impracticable. 

Filament Hum 

Alternating current is just as good as direct 
current from the heating standpoint, but some of 
the a.c. voltage is likely to get on the grid and 
cause a low-pitched "a.c. hum" to be superim-
posed on the output. 
Hum troubles are worst with directly-heated 

cathodes or filaments, because with such cathodes 
there has to be a direct connection between the 
source of heating power and the rest of the cir-
cuit. The hum can be minimized by either of the 
connections shown in Fig. 3-20. In both cases the 
grid- and plate-return circuits are connected to 
the electrical midpoint (center-tap) of the fila-
ment supply. Thus, so far as the grid and plate 
are concerned, the voltage and current on one 
side of the filament are balanced by an equal and 
opposite voltage and current on the other side. 
The balance is never quite perfect, however, so 
filament-type tubes are never completely hum-
free. For this reason directly-heated filaments are 
employed for the most part in power tubes, 
where the amount of hum introduced is ex-
tremely small in comparison to the power-output 
level. 
With indirectly-heated cathodes the chief 

problem is the magnetic field set up by the heater. 
Occasionally, also, there is leakage between the 
heater and cathode, allowing a small a.c. voltage 
to get to the grid. If hum appears, grounding one 
side of the heater supply usually will help to 
reduce it, although sometimes better results are 
obtained if the heater supply is center-tapped 

SIgna I 

Plate 
- Voltage 

Fig. 3-21 — Cathode biasing. R is the cathode resi.. 
tor and C is the cathode by-pass condenser. 

(B) 

and the center-tap grounded, as in 
Fig. 3-20. 

Cathode Bias 

In the simplified amplifier circuits 
discussed in this chapter, grid bias has 

RI:Itautre„ been supplied by a battery. However, 
in equipment that operates from the 
power line cathode bias is the type 
commonly used. 
The cathode-bias method uses a re-

sistor (cathode resistor) connected in 
series with the cathode, as shown at R 
in Fig. 3-21. The direction of plate-
current flow is such that the end of 

the resistor nearest the cathode is positive. The 
voltage drop across R therefore places a negative 
voltage on the grid. This negative bias is obtained 
from the steady d.c. plate current. 

If the alternating component of plate current 
flows through R when the tube is amplifying, the 
voltage drop caused by the a.c. will be degenera-
tive (note the similarity between this circuit and 
that of Fig. 3-14A). To prevent this the resistor 
is by-passed by a condenser, C, that has very 
low reactance compared with the resistance of R. 
Depending on the type of tube and the particular 
kind of operation, R may be between about 100 
and 3000 ohms. For good by-passing at the low 
audio frequencies, C should be 10 to 50 micro-
farads (electrolytic condensers are used for this 
purpose). At radio frequencies, capacitances of 
about 100 add. to 0.1 dd. are used; the small 
values are sufficient at very high frequencies and 
the largest at low and medium frequencies. In 
the range 3 to 30 megacycles a capacitance of 
0.01 ;dd. is satisfactory. 
The value of cathode resistor for an amplifier 

having negligible d.c. resistance in its plate cir-
cuit (transformer or impedance coupled) can 
easily be calculated from the known operating 
conditions of the tube. The proper grid bias 
and plate current always are specified by the 
manufacturer. Knowing these, the required re-
sistance can be found by applying Ohm's Law. 

Example: It is found from tube tables that the 
tube to be used should have a negative grid bias 
of 8 volts and that at this bias the plate current 
will be 12 milliamperes (0.012 amp.). The re-
quired cathode resistance is then 

E 8 
R = - — = 667 ohms. 

/ 0.012 

The nearest standard value. 680 ohms, would be 
close enough. The power used in the resistor is 

P El = 8 X 0.012 = 0.096 watt. 

A li-watt or 3,¡-watt resistor would have ample 
rating. 

The current that flows through R is the total 
cathode current. In an ordinary triode amplifier 
this is the same as the plate current, but in a 
screen-grid tube the cathode current is the sum of 
the plate and screen currents. Hence these two 
currents must be added when calculating the 
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value of cathode resistor required for a screen-
grid tube. 

Example: A receiving pentode requires 3 volts 
negative bias. At this bias and the recommended 
plate and screen voltages, its plate current is 9 
ma, and its screen current is 2 ma. The cathode 
current is therefore 11 ina. (0.011 amp.). The 
required resistance is 

E 3 
R — — = 272 ohms. 

/ 0.011 

A 270-ohm resistor would be satisfactory. The 
power in the resistor is 

P = El = 3 X 0.011 = 0.033 watt. 

The cathode-resistor method of biasing is self-
regulating, because if the tube characteristics 
vary slightly from the published values (as they 
do in practice) the bias will increase if the plate 
current is slightly high, or decrease if it is slightly 
low. This tends to hold the plate current at the 
proper value. 

Calculation of the cathode resistor for a re-
sistance-coupled amplifier is ordinarily not prac-
ticable by the method described above, because 
the plate current in such an amplifier is usually 
much smaller than the rated value given in the 
tube tables. However, representative data for the 
tubes commonly used as resistance-coupled 
amplifiers are given in the chapter on audio 
amplifiers, including cathode-resistor values. 

Screen Supply 

In practical circuits using tetrodes and pen-
todes the voltage for the screen frequently is 
taken from the plate supply through a resistor. A 
typical circuit for an r.f. amplifier is shown in 
Fig. 3-22. Resistor R is the screen dropping 
resistor, and C is the screen by-pass condenser. 
In flowing through R, the screen current causes 
a voltage drop in R that reduces the plate-supply 
voltage to the proper value for the screen. When 
the plate-supply voltage and the screen current 
are known, the value of R can be calculated from 
Ohm's Law. 

Example: An r.f. receiving pentode has a rated 
screen current of 2 milliamperes (0.002 amp.) at 
normal operating conditions. The rated screen 
voltage is 100 volts, and the plate supply gives 
250 volts. To put 100 volts on the screen, the 
drop across R must be equal to the difference 
between the plate-supply voltage and the screen 
voltage; that is, 250 — 100 = 1.30 volts. Then 

E 50 
R = — = J. = 75,000 ohms. 

/ 0.002 

The power to be dissipated in the resistor is 

P = El = 150 X 0.002 = 0.3 watt. 

A or 1-watt resistor would be satisfactory. 

The reactance of the screen by-pass condenser, 
C, should be low compared with the screen-to-
cathode impedance. For radio-frequency applica-
tions a capacitance in the vicinity of 0.01 mfd. is 
amply large. 

In some circuits the screen voltage is obtained 
from a voltage divider connected across the plate 
supply. The design of voltage dividers is dis-
cussed at length in the chapter on Power Supplies. 

Signal 

— Plate Voltage + 

Fig. 3-22 — Screen-voltage supply for a pentode tithe 
through a dropping resistor, R. The screen by-pass 
condenser, C, must llave low enough reactance to bring 
the screen to ground potential for the frequency or 
frequencies being amplified. 

• SPECIAL TUBE TYPES 
Multipurpose Tubes 

"Combination" tubes are available to perform 
more than one function, particularly in receiver 
circuits. For the most part these are simply 
multiunit tubes made up of individual tube-
element structures, combined in a single bulb for 
compactness and economy. 
Among the simplest multipurpose types are 

full-wave rectifiers, combining two diodes in one 
envelope, and twin triodes, consisting of two 
triodes in one bulb. More complex types include 
duplex-diode triodes (two diodes and a triode in 
one structure), duplex-diode pentodes, con-
verters and mixers (for superheterodyne re-
ceivers), combination power tubes and rectifiers, 
and so on. 

Mercury- Vapor Rectifiers 

For a given value of plate current, the power 
lost in a diode rectifier will be reduced if it is 
possible to decrease the voltage drop from plate 
to cathode. A small amount of mercury in the 
tube will vaporize when the cathode is heated 
and, further, will ionize when plate voltage at 
least equal to a certain minimum value (ionizing 
voltage) is applied. The positive ions neutralize 
the space charge and reduce the plate-cathode 
voltage drop to a practically constant value of 
about 15 volts, regardless of the value of plate 
current. 

Since this voltage drop is smaller than can be 
attained with purely thermionic conduction, 
there is less power loss in a mercury-vapor recti-
fier than in a vacuum rectifier. Also, the voltage 
drop in the tube is constant despite variations in 
load current. Mercury-vapor tubes are widely 
used in rectifiers built to deliver large power 
outputs. 

Grid- Control Rectifiers 

If a grid is inserted in a mercury-vapor rectifier 
it is found that, with sufficient negative grid bias, 
it is possible to prevent plate current from flow-
ing. However, this is true only if the bias is 
present before plate voltage is applied. If, after 
applying plate voltage, the bias is lowered to the 
point where plate current can flow, the mercury 
vapor will ionize and the grid will lose control of 
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plate current, because the space charge dis-
appears when ionization occurs. The grid can 
assume control again only after the plate voltage 
is reduced below the deionizing voltage, which is 
somewhat less than the plate-cathode voltage 
drop during plate-current flow. 

The same phenomenon also occurs in triodes 
filled with other gases that ionize at low pressure. 
Grid-control rectifiers or thyratrons find con-
siderable application in "electronic switching," 
and in timing devices. Both triode and tetrode 
t pes are manufactured. 

Oscillators 
It was mentioned earlier in this chapter that if 

there is enough positive feed-back in an amplifier 
circuit, self-sustaining oscillations will be set up. 
When an amplifier is arranged so that this condi-
tion exists it is called an oscillator. 

Oscillations normally take place at only one 
frequency, and a desired frequency of oscillation 
can be obtained by using a resonant circuit tuned 
to that frequency. For example, in Fig. 3-23A 
the circuit LC is tuned to the desired frequency 
of oscillation. The cathode of the tube is con-
nected to a tap on coil L and the grid and plate 
are connected to opposite ends of the tuned cir-
cuit. When an r.f. current flows in the tuned 
circuit there is a voltage drop across L that in-
creases progressively along the turns. Thus if the 
top end of L is positive at some instant the bot-
tom end will be negative, and the point at which 
the tap is connected will be at an intermediate 
potential. The amplified current in the plate 
circuit, which flows through the bottom section of 
L, is in phase with the current already flowing in 
the circuit and thus in the proper relationship for 
positive feed-back. 

HARTLEY CIRCUIT 

Plate Voltage (A) 

(B) 

COI-PITTS CIRCUIT 
Fig. 3-23 — Basic oscillator circuits. Feed-back voltage 
is obtained by tapping the grid and cathode across a 
portion of the tuned circuit. In the Hartley circuit the 
tap is on the coil, but in the Colpitts circuit the voltage 
is obtained from the drop across a condenser. 

The amount of feed-back depends on the posi-
tion of the tap. If the tap is too near the grid end 
the voltage drop between grid and cathode is too 
small to give enough feed-back to sustain oscilla-
tion, and if it is too near the plate end the im-
pedance between the cathode and plate is too 
small to permit good amplification. Maximum 

iced-back usually is obtained when the tap is 
somewhere near the center of the coil. 
The circuit of Fig. 3-23A is parallel-fed, Cb 

being the blocking condenser. The value of Cb 
is not critical so long as its reactance is low .(a 
few hundred ohms) at the operating frequency. 
Condenser Ca is the grid condenser. It and Rg 

(the grid leak) are used for the purpose of ob-
taining grid bias for the tube. In practically all 
oscillator circuits the tube generates its own bias. 
During the part of the cycle when the grid is 
positive with respect to the cathode, it attracts 
electrons. These electrons cannot flow through L 
back to the cathode because Cg "blocks" direct 
current. They therefore have to flow or "leak" 
through Rg to cathode, and in doing so cause a 
voltage drop in R„ that places a negative bias on 
the grid. The amount of bias so developed is 
equal to the grid current multiplied by the 
resistance of Rg (Ohm's Law). The value of grid-
leak resistance required depends upon the kind 
of tube used and the purpose for which the oscil-
lator is intended. Values range all the way from a 
few thousand to several hundred thousand ohms. 
The capacitance of Cg should be large enough to 
have low reactance (a few hundred ohms) at the 
operating frequency. 
The circuit shown at B in Fig. 3-23 uses the 

voltage drops across two condensers in series in 
the tuned circuit to supply the feed-back. Other 
than this, the operation is the same as just 
described. The feed-back can be varied by vary-
ing the ratio of the reactances of C1 and C2 (that 
is, by varying the ratio of their capacitances). 

Another type of oscillator, called the tuned-
plate tuned-grid circuit, is shown in Fig. 3-24. 
Resonant circuits tuned approximately to the 
sanie frequency are connected between grid and 
cathode and between plate and cathode. The two 
coils, L1 and L2 are not magnetically coupled. 
The feed-back is through the grid-plate capaci-
tance of the tube, and will be in the right phase 
to be positive when the plate circuit, C2L2, is 
tuned to a slightly higher frequency than the 
grid circuit, L1C1. The amount of feed-back can 
be adjusted by varying the tuning of either cir-
cuit. The frequency of oscillation is determined 
by the tuned circuit that has the higher Q. The 
grid leak and grid condenser have the same 
functions as in the other circuits. In this case it is 
convenient to use series feed for the plate circuit, 
so Ch is a by-pass condenser to guide the r.f. 
current around the plate supply. 
There are many oscillator circuits, some using 

two or more tubes, but the basic feature of all 
of them is that there is positive feed-back in the 
proper amplitude to sustain oscillation. 
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Oscillator Operating Characteristics 

When an oscillator is delivering power to a 
load, the adjustment for proper feed-back will 
depend on how heavily the oscillator is loaded 
— that is, how much power is being taken from 
the circuit. If the feed-back is not large enough — 
grid excitation too small — a small increase in 
load may tend to throw the circuit out of oscilla-
tion. On the other hand, too much feed-back 
will make the grid current excessively high, 
with the result that the power loss in the grid 
circuit is larger than necessary. Since the oscilla-
tor itself supplies this grid power, excessive 
feed-back lowers the over-all efficiency because 
whatever power is used in the grid circuit is not 
available as useful output. 
One of the most important considerations in 

oscillator design is frequency stability. The prin-
cipal factors that cause a change in frequency are 
(t) temperature, (2) plate voltage, (3) loading, 
(4) mechanical variations of circuit elements. 
Temperature changes will cause vacuum-tube 
elements to expand or contract slightly, thus 
causing variations in the interelectrode ca-
pacitances. Since these are unavoidably part 
of the tuned circuit, the frequency will change 
correspondingly. Temperature changes in the 
coil or condenser will alter their inductance or 
capacitance slightly, again causing a shift in 
the resonant frequency. These effects are rela-
tively slow in operation, and the frequency 
change caused by them is called drift. 
A change in plate voltage usually will cause 

the frequency to change a small amount, an 
effect called dynamic instability. Dynamic in-
stability can be reduced by using a tuned circuit 
of high effective Q. Since the tube and load 

Plate 
Voltage 

Fig. 3-24 — The tuned-plate tuned-grid oscillator. 

represent a relatively low resistance in parallel 
with the circuit, this means that a low L/C ratio 
(high-C) must be used and that the circuit should 
be lightly loaded. A high value of grid leak re-
sist once also is helpful because, by increasing the 
grid bias without increasing grid current, it raises 
the effective tube grid and plate resistances as 
seen by the tank circuit. Using relatively high 

plate voltage and low plate current also is 
desirable. 

Load variations act in much the same way as 
plate-voltage variations. A temperature change 
in the load may also result in drift. 

Mechanical variations, usually caused by 
vibration, cause changes in inductance and/ 
or capacitance that in turn cause the frequency 
to "wobble" in step with the vibration. 
Methods of minimizing frequency variations 

in oscillators are taken up in detail in later 
chapters. 

Ground Point 

In the oscillator circuits shown in Figs. 3-23 
and 3-24 the cathode is connected to ground. 
It is not actually essential that the radio-
frequency circuit should be grounded at the 
cathode; in fact, there are many times when 
an r.f. ground on some other point in the circuit 

Plate Voltage ô + 

Fig. 3-25 — Showing how the plate may be grounded 
for r.f. in a typical oscillator circuit (I la;tley) 

is desirable. The r.f. ground can be placed at 
any point so long as proper provisions are 
made for feeding the supply voltages to the 

tube elements. 
Fig. 3-25 shows the Hartley circuit with the 

plate end of the circuit grounded. No r.f. choke is 
needed in the plate circuit because the plate al-
ready is at ground potential and there is no r.f. 
to choke off. All that is necessary is a by-pass 
condenser, n„ across the plate supply. Direct 
current flows to the cathode through the lower 
part of the tuned-circuit coil, L. An advantage of 
such a circuit is that the frame of the tuning 
condenser can be grounded. 
Tubes having indirectly-heated cathodes are 

more easily adaptable to circuits grounded at 
other points than the cathode than are tubes 
having directly-heated filaments. With the 
latter tubes special precautions have to be 
taken to prevent the filament from being by-
passed to ground by the capacitance of the 
filament-heating transformer. 

Semiconductor Devices 
Although not vacuum tubes, there is another 

group of rect ifying devices that can perform simi-

lar functions. These include the crystal diode and 
the transistor. They make use of the peculiar 
properties of certain crystals, particularly ger-

manium, called semiconductors. 

• CRYSTAL DIODES 
As the name implies, the crystal diode is a two-

element rect ifying device comparable with a tube 
diode. In its common form it consists of a small 
piece of an appropriate crystalline substance with 
one contact made through a fine pointed wire or 
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catwhisker. The other contact is through the 
metal mounting, as shown in Fig. 3-26. Such a 
device will conduct current much more readily in 
one direction than the other. 

germanium Weer 
Met! Base I Catwhisker 

Case 

MetalSupports 

Wire leads 

SYM BOL 

Fig. 3-26 — The germanium crystal and circuit symbol. 
The arrow points in the direction of minimum resistance. 

As compared with a tube diode, the crystal 
diode has the advantages of very small size, very 
low interelectrode capacitance (less than one 
micromicrofarad), and requiring no heater or 
filament power. Its forward resistance — in the 
favored direction of current flow — is a few hun-
dred ohms, comparable with that of a tube diode. 
Its disadvantage is a relatively low inverse peak 
voltage rating (see Power Supply chapter) and a 
back resistance (in the direction of least current 
flow) that may be as low as 20,000 ohms, although 
in some types the back resistance may be as high 
as a megohm. The tube diode, in contrast, simply 
does not conduct in the reverse direction, and so 
has infinite back resistance for all practical 
purposes. 
The crystal diode is widely used in measuring 

equipment and as a detector and mixer in receivers. 

• TRANSISTORS 
If two catwhiskers are placed very close to-

gether on a germanium crystal and a positive 
voltage applied to one while a negative voltage is 
applied to the other, both with respect to a com-
mon connection called the base, it is found that a 
change in current through the first (the emitter) 
will cause a corresponding change in the ciirrent 
through the second ( the collector), and vice 
versa. Such a device, shown in 
Fig. 3-27, is called a point-
contact transistor. 

Amplification 

A current of several mil-
liamperes will flow in the 
emitter circuit when the posi-
tive bias is only a fraction of 
a volt, so the impedance of 
the emitter circuit is quite 
low — of the order of a few 
hundred ohms. On the other 
hand, the output resistance 
of the collector circuit is of 
the order of tens of thousands 
of ohms. The current gain — 
the ratio of change in collec-
tor current to the change in 
emitter current — varies with 
the type of transistor and may 
range from somewhat less 
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than 1 to a value as high as :3 or 4. However, the 
emitter current is flowing in a low impedance 
while the collector current, is flowing in a high im-
pedance, so there is a power gain in proportion to 
the impedances. This gain may be 20 db. or more. 
The base circuit of a transistor also has con-

siderable internal resistance, common to the 
emitter and collector circuits. Inherent feed-
back occurs because the collector current flows 
through the base resistance and is thus introduced 
into the emitter circuit. If the current gain is 
greater than 1 this feed-back may cause self-
oscillation. 

Junction Transistors 

Another form of transistor, called the junction 
type, is also shown in Fig. 3-27. This consists of 
a sandwich of germanium wafers having opposite 
conduction characteristics — that is, one type 
conducts because of a deficiency of electrons 
(p type) and the other because of an excess of 
electrons (n type). Junction transistors may be 
made either of an n-p-n or p-n-p sandwich. 
Biases of opposite polarity are used on the emit-
ter and collector, just as in the case of point-
contact transistors, but these biases are reversed 
when a p-n-p is substituted for an n-p-n. 

Transistor Applications 

Since transistors will both amplify and oscillate, 
they can perform many of the same functions as 
vacuum tubes. Their advantages are very small 
size and weight, no cathode power required, and 
operation at very low voltages and currents — 
of the ofaer of 3 to 6 volts for the emitter and 10 
to 25 volts for the collector. At present, their 
power-handling capacity is quite limited, con-
fining their use to very low power applications. 
In many respects the characteristics of transistors 
are the opposite of those of vacuum tubes, so that 
the circuit techniques are quite different. Since 
transistors have only very recently been made 
available commercially, their application in ama-
eur radio is largely a field for future exploration. 
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Fig. 3-27 — The point-contact transistor (left) and junction-type transistor 
(right). Plus and minus signs indicate polarities of bias voltages applied to the 
elements, with respect to the base. 



CHAPTER 4 

High-Frequency 

Communication 
Much of the appeal of amateur communica-

tion on the high frequencies lies in the fact that 
the results are not always predictable. Transmis-
sion conditions on the same frequency vary with 
the year and even with the time of day. Although 
these variations usually follow certain established 
cycles, many peculiar effects can be observed 
from time to time. Every radio amateur should 
have some understanding of the known facts 
about radio wave propagation so that he will 
stand some chance of interpreting the unusual 

conditions when they occur. The observant ama-
teur is in an excellent position to make worth-
while contributions to the science, provided he 
has sufficient background to understand his re-
sults. He may discover new facts about propa-
gation at the very-high frequencies or in the 
microwave region, as amateurs have in the past. 
In fact, it is through amateur efforts that most 
of the extended-range possibilities of various 
radio frequencies have been discovered, either 
through accident or long and careful investigation. 

What To Expect on the Various Amateur Bands 

The 1.8-Mc., or " 160-meter," band offers re-
liable working over ranges up to 25 miles or so 
during daylight. On winter nights, ranges up to 
several thousand miles are not impossible. Only 
small sections of the band are currently available 
to amateurs, because of the presence of the loran 
service in that part of the spectrum. The pulse-
type interference sometimes caused by loran can 
be readily eliminated by using an audio limiter 
in the receiver. 
The 3.5-Mc., or " 80-meter," band is a more 

useful band during the night than during the 
daylight hours. In the daytime, one can seldom 
hear signals from a distance of greater than 200 
miles or so, but during the darkness hours dis-
tances up to several thousand miles are not un-
usual, and transoceanic contacts are regularly 
made during the winter months. During de 
summer, the static level is high in some parts of 
the world. 
The 7-Mc., or " 40-meter," band has many of 

the same characteristics as 3.5, except that the 
distances that can be covered during the day and 
night hours are increased. During daylight, dis-
tances up to a thousand miles can be covered 
under good conditions, and (luring the dawn and 
dusk periods in winter it is possible to work sta-
tions as far as the other side of the world, the 
signals following the darkness path. The winter 
months are somewhat better than the summer 
ones. In general, summer static is much less of a 
problem than on 80 meters, although it can be 
serious in the semitropical zones. 

The 14-Mc., or " 20-meter,- band is probably 
the best one for long-distance work. During por-
tions of the sunspot cycle (discussed later in this 
chapter) it is open to some part of the world 
during practically all of the 24 hours, while at 
other times it is generally useful only during 
daylight hours and the dawn and dusk periods. 
The 21-Mc., or " 15-meter," band shows highly 

variable characteristics depending on the sunspot 
cycle. During sunspot maxima it is useful for 
long-distance work during a large part of the 24 
hours, but in years of low sunspot activity it is 
almost wholly a daytime band, and sometimes 
unusable even in daytime. However, it is often 
possible to maintain communication over dis-
tances up to 1500 miles or more by sporadic-E 
ionization (described later), which may occur 
either day or night at any time in the sunspot 
cycle. 
The 27-Mc. (" 11-meter") and 28-Mc. (" 10-

meter") bands are generally considered to be 
DX bands during the daylight hours and good 
for local work during the hours of darkness, 
although at the peak of the sunspot cycle, they 
are "open" into the late evening hours for DX 
communication. At the sunspot minimum these 
bands are usually "dead" for long-distance com-
munication in the northern latitudes. Neverthe-
less, sporadic-E propagation is likely to occur 
at any time, just as in the case of the 21-Mc. 
band. The v.h.f. and u.h.f. bands (50 Mc. and 
higher) are considered in detail in the chapter on 
v.h. f. propagat ion. 

Characteristics of Radio Waves 

Radio waves are ba›icall) ut the same nature 
as light and heat, which also are forms of elec-
tromagnetic radiation. The principal difference 
is in the wavelength, which in the case of radio 

waves is much greater than the wavelengths of 
light or heat. However, all three types of radia-
tion travel at the same speed (300,000,000 meters 
per second) in free space, and have similar prop-

70 
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erties in that they all can be reflected, refracted, 
and diffracted. 
As described in the chapter on fundamentals, 

an electromagnetic wave is composed of moving 
fields of electric and magnetic force. The lines of 
force in the two fields are at right angles, and are 
mutually perpendicular to the direction of travel. 
A simple representation of a wave is shown in 
Fig. 4-1. In this drawing the electric lines are 
perpendicular to the earth and the magnetic lines 
are horizontal. They could, however, have any 
position with respect to earth so long as they 
remain perpendicular to each other. 

iyeretic 
lines of 
Force 

Electric lines of Force 

Ïiiiiii 

Iuiva 
RlIII 

Fig. 4-1 — Represes tation of electrostatic and electro-
magnetic lines of force in a radio wave. Arrows indicate 
instantaneous directions of the fields for a wave travel-
ing toward the reader. Reversing the direction of one 
set of lines would reverse the direction of travel. 

The plane containing the continuous lines of 
electric and magnetic force shown by the grid- or 
mesh-like drawing in Fig. 4-1 is called the wave 
front. 

Polarization 

The polarization of a radio wave is taken as 
the direction of the lines of force in the electric 
field. If the electric lines are perpendicular to the 
earth, the wave is said to be vertically polarized; 
if parallel with the earth, the wave is horizon-
tally polarized. The longer waves, when traveling 
along the ground, usually maintain their polari-
zation in the same plane as was generated at the 
antenna. The polarization of shorter waves may 
be altered during travel, however, and sometimes 
will vary quite rapidly. 

Medium of Propagation 

The medium in which electromagnetic waves 
travel has a marked influence on the speed with 
which they move. When the medium is empty 
space the speed, as stated above, is 300,000,000 
meters per second. It is almost, but not quite, 
that great in air, and is much less in some other 
substances. In dielectrics, for example, the speed 
is inversely proportional to the dielectric con-
stant of the material. 
When a wave meets a good conductor it can-

not penetrate it to any extent (although it will 

• 
travel through a dielectric with ease) because the 
electric lines of force are practically short-
circuited. 

Reflection 

A light ray traveling through air of uniform 
characteristics goes in a straight line, but when 
it meets some object having different properties 
its path is shifted. If the "discontinuity" is suffi-
ciently great in extent, as compared with the 
wavelength of light, and if the change in prop-
erties is abrupt, the ray may be reflected. The 
discontinuity may be either a change in the di-
electric constant or the conductivity of the 
medium. Similarly, a radio wave will be reflected 
under comparable conditions. However, the dis-
continuity set up by the reflecting object must 
at least be comparable with the wavelength in 
size, to cause reflection of radio waves. Neverthe-
less, objects as small as an airplane, a tree, or 
even a man's body will reflect waves a few feet 
long and less. 

Refraction 

When a wave meets a discontinuity that it can 
penetrate, the change in speed causes its path to 
be deflected, if it enters at any angle other than the 
perpendicular to the surface of the new medium. 
That part of the wave front that enters the new 
medium first travels at the new speed before the 
trailing part of the wave front enters, and so the 
wave as a whole is swung around or refracted. 
The new direction depends on the difference in 
speed in the two media, and on the wavelength. 
Wave "bending" by refraction is the mechanism 
by which long-distance communication at high 
frequencies is possible. The medium in which the 
bending takes place is an ionized region, called 
the ionosphere, in the upper atmosphere. The 
composition and properties of the ionosphere are 
discussed later in this chapter. 

Diffraction 

When a wave grazes the edge of an object in 
passing, it tends to be bent around that edge. 
This effect, called diffraction, results in a diver-
sion of part of the energy of those waves which 
normally follow a straight path, so they may be 
received at some distance below the summit of 
an obstruction or around its edges. 

Spreading 

The field intensity of a wave is inversely pro-
portional to the distance from the source. Thus 
if one receiving point is twice as far from the 
transmitter as another, the field strength at the 
more distant point will be just half the field 
strength at the nearer point. This results from 
the fact that the energy in the wave front must 
be distributed over a greater area as the wave 
moves away from the source. This inverse-dis-
tance law is based on the assumption that there 
is nothing in the medium to absorb energy from 
the wave as it travels, which is true in free space 
but not in practical communication along the 
ground and through the atmosphere. 
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Types of Propagation 

According to the altitude of the paths along 
which they are propagated, radio waves may 
be classified as ionospheric waves, tropospheric 
waves or ground waves. 
The ionospheric wave or sky wave is that part 

of the total radiation that is directed toward the 
ionosphere. Depending upon variable conditions 
in that region, as well as upon transmitting 
wavelength, the ionospheric wave may or may 
not be returned to earth by the effects of refrac-
tion and reflection. 
The tropospheric wave is that part of the total 

radiation that undergoes refraction and reflec-
tion in regions of abrupt change of dielectric 
constant in the troposphere, such as the bound-
aries between air masses of differing temperature 
and moisture content. 

The ground wave is that part of the total radia-
tion that is directly affected by the presence of 
the earth and its surface features. The ground 

Fig. 4-2 — Showing how both direct and reflected 
waves may be received simultaneously. 

wave has two components. One is the surface 
wave, which is an earth-guided wave, and the 
other is the space wave (not to be confused with 
the ionospheric or sky wave). The space wave is 
itself the resultant of two components — the 
direct wave and the ground-reflected wave, as 

evui in Fig. • I-2. 

Ionospheric Propagation 

• PROPERTIES OF THE IONOSPHERE 
Except for distances of a few miles, nearly all 

amateur communication on frequeneies below 
30 Mc. is by means of the sky wave. Upon leav-
ing the transmitting antenna, this wave travels 
upward from the earth's surface at such an angle 
that it would continue out into space were its 
path not bent sufficiently to bring it back to 
earth. The medium that causes such bending is 
the ionosphere, a region in the upper atmosphere, 
above a height of about 60 miles, where free ions 
and electrons exist in sufficient quantity to have 
an appreciable effect on the speed at which the 
waves travel. 
The ionization in the upper atmosphere is be-

lieved to be caused by ultraviolet radiation from 
the sun. The ionosphere is not a single region but 
is composed of a series of layers of varying den-
sities of ionization occurring at different heights. 
Each layer consists of a central region of rela-
tively dense ionization that tapers off in inten-
sity both above and below. 

Refraction and Reflection 

The greater the intensity of ionization in a 
layer, the more the path of the wave is bent. The 
amount of bending also depends on the wave-
length; the longer the wave, the more the path is 
bent for a given degree of ionization. Thus low-
frequency waves are more readily bent than 
those of high frequency. For this reason the lower 
frequencies — 3.5 and 7 Mc. — are more "re-
liable" than the higher frequencies — 14 to 28 
Mc.; there are times when the ionization is of 
such low value that waves of the latter frequency 
range are not bent enough to return to earth. 

In addition to refraction, reflection may take 
place at the lower boundary of an ionized layer 
if the boundary is sharply defined; i.e., if there is 
an appreciable change in ionization within a 
relatively short interval of travel. For waves 
approaching the layer at or near the perpendicu-
lar, the change in ionization must take place 
within a difference in height comparable with 

the wavelengt h. hence, ionospheric reflection is 
more apt to occur at longer \ \ velengths (lower 
frequencies). 

Absorption 

In traveling through the ionosphere the wave 
gives up some of its energy by setting the ionized 
particles into motion. The energy absorption 
from this cause increases with the wavelength; 
that is, absorption is greater at lower frequencies. 
It also increases with the intensity of ionization, 
and with the density of the atmosphere in the 
ionized region. 

Ionospheric absorption decreases the strength 
of the signal at the receiving point below the 
value that would be expected from the normal 
spreading of a wave traveling the saine distance. 

Virtual Height 

Although an ionospheric layer is a region of 
considerable depth it is convenient to assign to 
it a definite height, called the virtual height. 
This is the height from which a simple reflection 
would give the >Mille effect as the gradual refrac-
tion that actually takes place, as illustrated in 
Fig. 4-3. The wave traveling upward is bent back 
over a path having an appreciable radius of 
turning, and a measurable interval of time is 
consumed in the turning process. The virtual 
height is the height of a triangle having equal 
sides of a total length proportional to the time 
taken for the wave to travel from T to R. 

Fig. 4-3 — Bending in the ionosphere, and the echo or 
reflection method of determining virtual height. 
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Normal Structure of the Ionosphere 

The lowest useful ionized layer is called the 
E layer. The average height of the region of 
maximum ionization is about 70 miles. The air 
at this height is sufficiently dense so that the 
ions and electrons set free by the sun's radiation 
do not travel far before they meet and recombine 
to form neutral particles, so the layer can main-
tain its normal intensity of ionization only in the 
presence of continuing radiation from the sun. 
Hence the ionization is greatest around local 
noon and practically disappears after sundown. 

In the daytime there is a still lower ionized 
area, the D region. The D-region ionization is 
proportional to the height of the 
sun and is greatest at noon. Low-fre-
quency waves (80 meters) are almost 
completely absorbed by this layer 
while it exists, and only the high-
angle radiation is reflected by the E 
layer. (Lower-angle radiation travels 
farther through the D region and is 
absorbed.) 
The second principal layer is the F 

layer, which has a height of about 175 
miles at night. At this altitude the air is 
so thin that recombination of ions and 
electrons takes place very slowly, in-
asmuch as particles can travel relatively 
great distances before meeting. The 
ionization decreases after sundown, 
reaching a minimum just before sun-
rise. In the daytime the F layer splits 
into two parts, the F1 and F2 layers, with aver-
age virtual heights of, respectively, 140 miles 
and 200 miles. These layers are most highly 
ionized at about local noon, and merge again at 
sunset into the F layer. 

• SKY-WAVE PROPAGATION 
Wave Angle 

The smaller the angle at which a wave leaves 
the earth, the less will be the bending required 
in the ionosphere to bring it back and, in gen-
eral, the greater the distance between the point 
where it leaves the earth and that at which it 
returns. This is shown in Fig. 4-4. The vertical 
angle (such as the angle A in the figure) that 
the wave makes with a tangent to the earth is 
called the wave angle or angle of radiation. 

Skip Distance 

Since greater bending is required to return the 
wave to earth when the wave angle is high, at 
the higher frequencies the refraction frequently 
is not enough to give the required bending unless 
the wave angle is smaller than some critical 
value. This is illustrated in Fig. 4-4, where A 
and smaller angles give useful signals while waves 
sent at higher angles penetrate the layer and are 
not returned. The distance between 7' and 21 is, 
therefore, the shortest possible distance, at that 
particular frequency, over which communication 
by normal ionospheric refraction can be accom-
plished. 

Zingent 

73 
The area between the end of the useful ground 

wave and the beginning of iondspheric-wave re-
ception is called the skip zone, and the distance 
from the transmitter to the nearest point where 
the sky wave returns to earth is called the skip 
distance. The extent of skip zone depends upon 
the frequency and the state of the ionosphere, 
and also upon the height of the layer in which 
the refraction takes place. The higher layers give 
longer skip distances for the same wave angle. 
Wave angles at the transmitting and receiv-
ing points are usually, although not always, 
approximately the same for any given wave 
path. 
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Fig. 4-4 — Refraction of skv waves, showing the critical wave 
angle and the skip zone. Wives leaving the transmitter at angles 
above the critical (greater than A) are not bent enough to be re-
turned to earth. As the angle is decreased, the waves return to 
earth at increasingly greater distances. 

Critical and Maximum Usable Frequencies 

If the frequency is low enough, a wave sent 
vertically to the ionosphere will be reflected back 
down to the transmitting point. If the frequency 
is then gradually increased, eventually a fre-
quency will be reached where this vertical re-
flection just fails to occur. This is the critical 
frequency for the layer under consideration. 
When the operating frequency is below the crit-
ical value there is no skip zone. 
The critical frequency is a useful index to the 

highest frequency that can be used to transmit 
over a specified distance — the maximum usable 
frequency (m.u.f.). If the wave leaving the trans-
mitting point at angle A in Fig. 4-4 is, for ex-
ample, at a frequency of 14 Mc., and if a higher 
frequency would skip over the receiving point 
Ri, then 14 Mc. is the m.u.f. for the distance 
from 7' to RI. 
The greatest possible distance is covered when 

the wave leaves along the tangent to the earth; 
that is, at zero wave angle. Under average condi-
tions this distance is about 4000 kilometers or 
2500 miles for the F2 layer, and 2000 km. for 
1250 miles for the E layer. The distances vary 
with the layer height. Frequencies above these 
limiting m.u.f.'s will not be returned to earth at 
any distance. The 4000-km. m.u.f. for the F2 
layer is approximately 3 times the critical fre-
quency for that layer, and for the E layer the 
2000-km. m.u.f. is about 5 times the critical 
frequency. 

Absorption in the ionosphere is least at the 
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maximum usable frequency for the distance, and 
increases very rapidly as the frequency is lowered 
below the m.u.f. Consequently, best results with 
low power always are secured when the frequency 
is as close to the m.u.f. as possible. 

It is readily possible for the ionospheric wave 
to pass through the E layer and be refracted back 
to earth from the F, F1 or F2 layers. This is 
because the critical frequencies are higher in the 
latter layers, so that a signal too high in frequency 
to be returned by the E layer can still come back 
from one of the others, depending upon the time 
of day and the existing conditions. Depending 
upon the wave angle and the distance, it is 
sometimes possible to carry on communication 
via either the E or Fi-F2 layers on the same 
frequency. 

Multihop Transmission 

On returning to the earth the wave can be 
reflected upward and travel again to the iono-
sphere. There it may once more be refracted, and 
again bent back to earth. This process may be 
repeated several times. Multihop propagation of 
this nature is necessary for transmission over 
great distances because of the limited heights of 
the layers and the curvature of the earth, which 
restrict the maximum one-hop distance to the 
values mentioned in the preceding section. How-
ever, ground losses absorb some of the energy 
from the wave on each reflection (the amount of 
the loss varying with the type of ground and 
being least for reflection from sea water), and 
there is also absorption in the ionosphere at each 
reflection. Hence the smaller the number of hops 
the greater the signal strength at the receiver, 
other things being equal. 

Fading 

Two or more parts of the wave may follow 
slightly different paths in traveling to the re-
ceiving point, in which case the difference in 
path lengths will cause a phase difference to exist 
between the wave components at the receiving 
antenna. The total field strength will be the sum 
of the components and may be larger or smaller 
than one component alone, since the phases may 
be such as either to aid or oppose. Since the paths 
change from time to time, this causes a varia-
tion in signal strength called fading. Fading can 
also result from the combination of single-hop 
and multihop waves, or the combination of a 
ground wave with an ionospheric or tropospheric 
wave. The latter condition results in an area of 
severe fading in the region where the two waves 
have about the same intensity; better reception 
is obtained at either shorter or longer distances 
where one component is considerably stronger 
than the other. 

Fading may be rapid or slow, the former type 
usually resulting from rapidly-changing condi-
tions in the ionosphere, the latter occurring when 
transmission conditions are relatively stable. 

It frequently happens that transmission condi-
tions are different for waves of slightly different 
frequencies, so that in the case of voice-modu-
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lated transmission, involving sidebands differing 
slightly from the carrier in frequency, the carrier 
and various sideband components may not be 
propagated in the same relative amplitudes and 
phases they had at the transmitter. This effect, 
known as selective fading, causes severe distor-
tion of the signal. 

Scatter 

Even though the operating frequency is above 
the m.u.f. for a given distance, it is usually pos-
sible to hear signals from within the skip zone. 
This phenomenon, called scatter, is caused by 
random reflections from distances beyond the 
skip zone. Such reflections can occur when the 
transmitted energy strikes the earth at a dis-
tance and some of it is reflected back into the 
skip zone to the receiver. Other possible scatter 
sources are "patches" of ionization of different 
density than the average, or sporadic-E clouds 
(see later section). Scatter signals are weaker 
than those normally propagated, and also have a 
rapid fade or "flutter" that makes them easily 
recognizable. 

It is probable that scatter also plays a con-
siderable part in long-distance transmission (be-
yond the maximum one-hop distance) — particu-
larly in cases where, with multihop propagation, 
the m.u.f. at some intermediate reflection point 
in the ionosphere is below the frequency actually 
being used. 

• OTHER FEATURES OF IONOSPHERIC 
PROPAGATION 

Cyclic Variations in the Ionosphere 

Since ionization depends upon ultraviolet ra-
diation, conditions in the ionosphere vary with 
changes in the sun's radiation. In addition to the 
daily variation, seasonal changes result in higher 
critical frequencies in the E layer in summer, 
averaging about 4 Mc. as against a winter aver-
age of 3 Me. The le layer shows little variation, 
the critical frequency being of the order of 4 to 
5 Mc. in the evening. The P layer, which has a 
critical frequency near 5 Me. in summer, usually 
disappears entirely in winter. The daytime maxi-
mum critical frequencies for the F2 are highest 
in winter ( 10 to 12 Mc.) and lowest in summer 
(around 7 Mc.). The virtual height of the le2 
layer, which is about 185 miles in winter, aver-
ages 250 miles in summer. These values are rep-
resentative of latitude 40 deg. North in the 
Western hemisphere, and are subject to con-
siderable variation in other parts of the world. 

Very marked changes in ionization also occur 
in step with the 11-year sunspot cycle. Although 
there is no apparent direct correlation between 
sunspot activity and critical frequencies on a 
given day, there is a definite correlation between 
average sunspot activity and critical frequencies. 
The critical frequencies are highest during sun-
spot maxima and lowest during sunspot minima. 
During the period of minimum sunspot activity 
the lower frequencies — 7 and 3.5 Mc. — fre-
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quently are the only usable bands at night. At 
such times the 28-Mc. band is seldom useful for 
long-distance work, while the 14- Mc, band per-
forms well in the daytime but is not ordinarily 
useful at night. The next sunspot minimum is 
forecast for the winter of 1954-55. The most 
recent maximum occurred in the winter of 1947-
48. 

Ionosphere Storms and Other Disturbances 

Certain types of sunspot activity cause con-
siderable disturbances in the ionosphere (iono-
sphere storms) and are accompanied by dis-
turbances in the earth's magnetic field (magnetic 
storms). Ionosphere storms are characterized by 
a marked increase in absorption, so that radio 
conditions become poor. The critical frequencies 
also drop to relatively low values during a storm, 
so that only the lower frequencies are useful for 
communication. Ionosphere storms may last from 
a few hours to several days. Since the sun rotates 
on its axis once every 28 days, disturbances tend 
to recur at such intervals, if the sunspots respon-
sible do not become inactive in the meantime. 
Absorption is usually low, and radio conditions 
therefore good, just preceding a storm. 

Unusually high ionization in the region of the 
atmosphere below the normal ionosphere may 
increase absorption to such an extent that sky-
wave transmission becomes difficult and some-
times even impossible. The length of such a dis-
turbance may be several hours, with a gradual 
falling off of transmission conditions at the begin-
ning and an equally gradual building up at the 
end of the period. Fade-outs, similar to the above 
in effect, are caused by sudden disturbances on 
the sun. They are characterized by very rapid 
ionization, with sky-wave transmission disap-
pealing almost instantly, occur only in daylight. 
and do not last as long as the first type of ab-
sorption. 

Magnetic storms frequently are accompanied 
by unusual auroral displays, creating an ionized 
"curtain" in the polar regions which can act as 
a reflector of radio waves. Auroral reflection may 
be observed on any frequency, depending upon 
the conditions, and it is always characterized by 
a flutter on all signals that makes voice work 
difficult. It is most noticeable in the northern 
latitudes and on signals traveling through the 
Auroral zone — that is, through the polar regions 
and over the North Atlantic. 

Sporadic-E Ionization 

Scattered patches or clouds of relatively dense 
ionization occasionally appear at heights approxi-
mately the same as that of the E layer. This 
sporadic-E ionization is most prevalent in the 
equatorial regions, where it is substantially con-
tinuous. In northern latitudes it is most frequent 
in the spring and early summer, but is present in 
some degree a fair percentage of the time the 
year 'round. It accounts for a good deal of the 

75 
night-time short distance work on the lower fre-
quencies (3.5 and 7 Mc.) and, when more intense, 
for similar work on 14 and 28 Mc. Exceptionally 
intense sporadic-E ionization is responsible for 
work over distances exceeding 400 or 500 miles 
on the 50-Mc. band. 

There•are indications of a relationship between 
sporadic-E ionization and average sunspot ac-
tivity, but it does not appear to be directly re-
lated to daylight and darkness since it may 
occur at any time of the day. However, there is 
an apparent tendency for the ionization to peak 
at mid-morning and in the early evening. 

Meteor Trails 

A phenomenon that frequently occurs on sig-
nals from within the skip zone is a sudden in-
crease in intensity, called a burst. Bursts are 
caused by meteors which, entering the earth's 
atmosphere at high speed, are followed by an 
ionized trail of rather high intensity. The ioniza-
tion is caused by heating from the friction be-
tween the meteor and the air molecules in the 
ionosphere region. The ionization usually disap-
pears in less than a second, but (luring that time 
it is often capable of reflecting signals up to 
100 Mc. or 80. The lower frequency limit depends 
on the length of the ionized trail. Bursts are fre-
quently observed on the 14- and 28-Mc. bands, 
especially during those times of the year when 
"meteor showers" occur. When the meteor is 
moving in a direction somewhat parallel to the 
wave path, it can induce a rising or falling 
"whistle" on the signal, for a second or so. 

Tropospheric Propagation 

Changes in temperature and humidity of air 
masses in the lower atmosphere often permit 
work over greater than normal ground-wave 
distances on 28 Mc. and higher frequencies. The 
effect can be observed on 28 Mc., but it is gen-
erally more marked on 50 and 144 Mc. The 
subject is treated in detail in a later chapter. 

• PREDICTION CHARTS 
The Central Radio Propagation Laboratory 

of National Bureau of Standards offers predic-
tion charts three months in advance, by means 
of which it is possible to predict with considerable 
accuracy the maximum usable frequency that 
will hold over any path on the earth during a 
monthly period. The charts are based on iono-
sphere observations made at a number of stations 
throughout the world, coupled with considerable 
statistical data. They are conservative enough to 
enable the amateur to anticipate and plan his 
best operating times, particularly on the 14- and 
28-Mc. bands. The charts can be obtained from 
the Superintendent of Documents, U. S. Govern-
ment Printing Office, Washington 25, D. C. for 
10 cents a copy or $ 1.00 per year on subscription. 
They are called "CRPL-D Basic Radio Propaga-
tion Predictions." 



CHAPTER 5 

High-Frequency 
Receivers 
A good receiver in the amateur station makes 

the difference between mediocre contacts and 
solid QS0s, and its importance cannot be over-
emphasized. In the uncrowded v.h.f. bands, 
sensitivity (the ability to bring in weak signals) 
is the most important factor in a receiver. In the 
more crowded amateur bands, good sensi-
tivity must be combined with selectivity (the 
ability to distinguish between signals separated 
by only a small frequency difference). To receive 
weak signals, the receiver must furnish enough 
amplification to amplify the minute signal power 
delivered by the antenna up to a useful amount of 
power that will operate a loudspeaker or set 
of headphones. Before the amplified signal can 
operate the 'speaker or 'phones, it must be con-
verted to audio-frequency power by the process of 
detection. The sequence of amplification is not 
too important — some of the amplification can 
take place (and usually does) before detection, 
and some can be used after detection. 
There are two major differences between 

receivers for 'phone reception and for c.w. 
reception. A 'phone signal has sidebands that 
make the signal take up about 6 or 8 kc. in the 
band, and the audio quality of the received 
signal is impaired if the passband of the receiver 
is less than half of this. On the other hand, a c.w. 
signal occupies only a; few hundred cycles at the 
most, and consequently the passband of a c.w. 

receiver can be small. In either case, if the pass-
band of the receiver is more than necessary, sig-
nals adjacent to the desired one can be heard, and 
the selectivity of the receiver is said to be poor. 
The detection process delivers directly the audio 
frequencies present as modulation on a 'phone 
signal. There is no modulation on a c.w. signal, 
and it is necessary to introduce a second radio 
frequency, differing from the signal frequency 
by a suitable audio frequency, into the detector 
circuit to produce an audible beat. The frequency 
difference, and hence the beat-note, is generally 
made on the order of 500 to 1000 cycles, since 
these tones are within the range of optimum re-
sponse of both the ear and the headset. If the 
source of the second radio frequency is a separate 
oscillator, the system is known as heterodyne 
reception; if the detector is made to oscillate and 
produce the second frequency, it is known as 
an autodyne detector. Modern superhetero-
dyne receivers (described later) generally use 
a separate oscillator to generate the beat-note. 
Summing up the two differences, 'phone re-
ceivers can't use as much selectivity as c.w. 
receivers, and c.w. receivers require some kind 
of beating oscillator to give an audible signal. 
Broadca.st receivers can receive only 'phone 
signals because no beat oscillator is included. 
Communications receivers include beat oscillators 
and often some means for varying the selectivity. 

Receiver Characteristics 
Sensitivity 

In commercial circles "sensitivity" is defined as 
the strength of the signal (in microvolts) at the 
input of the receiver that is required to produce 
a specified audio power output at the 'speaker or 
headphones. This is a satisfactory definition for 
broadcast and communications receivers operat-
ing below about 20 Mc., where atmospheric 
and man-made electrical noises normally mask 
any noise generated by the receiver itself. 

Another commercial measure of sensitivity 
defines it as the signal at the input of the re-
ceiver required to give an audio output some 
stated amount (generally 10 db.) above the 
noise output of the receiver. This is a more useful 
sensitivity measure for the amateur, since it 
indicates how well a weak signal will be heard and 
is not merely a measure of the over-all amplifica-
tion of the receiver. However, it is not an absolute 
method for comparing two receivers, because 
the passband width of the receiver plays a large 
part in the result. 

The random motion of the molecules in the 
antenna and receiver circuits generates small 
voltages called thermal-agitation noise volt-
ages. The frequency of this noise is random and 
the noise exists across the entire radio spec-
trum. Its amplitude increases with the tem-
perature of the circuits. Only the noise in the 
antenna and first stage of a receiver is normally 
significant, since the noise developed in later 
stages is masked by the amplified noise from the 
first stage. The only noise that is amplified is 
that which falls within the receiver passband, so 
the noise appearing in the receiver output is less 
when the passband is reduced. Noise is also gen-
erated by the current flow within the first tube 
itself; this effect can be combined with the 
thermal noise and called receiver noise. 
The limit of a receiver's ability to detect 

weak signals is the thermal noise generated in 
the input circuit. Even if a perfect noise-free 
tube were developed and used throughout the 
receiver, the limit to reception would be the 
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thermal noise. ( Atmospheric- and man-made 
noise is a practical limit below 20 Mc.) The 
degree to which a receiver approaches this ideal 
is called the noise figure of the receiver, and it is 
expressed as the ratio of noise power at the input 
of the receiver required to increase the noise 
output of the receiver 3 db. Since the noise power 
passed by the receiver is dependent on the 
passband, the figure shows how far the receiver 
departs from the ideal. The ratio is generally 
expressed in db., and runs around 6 to 12 db. for 
a good receiver, although figures of 2 to 4 db. have 
been obtained. Comparisons of noise figures can 
be made by the amateur with simple equipment. 
(See QST, August, 1949, page 20.) 

Selectivity 

Selectivity is the ability of a receiver to 
discriminate against signals of frequencies 
differing from that of the desired signal. The 
over-all selectivity will depend upon the se-
lectivity of the individual tuned circuits and 
the number of such circuits. 
The selectivity of a receiver is shown graph-

ically by drawing a curve that gives the ratio 
of signal strength required at various frequen-
cies off resonance to the signal strength at 
resonance, to give constant output. A reso-
nance curve of this type is shown in Fig. 5-1. 
The bandwidth is the width of the resonance 
curve (in cycles or kilocycles) of a receiver at a 
specified ratio; in Fig. 5-1, the bandwidths are 
indicated for ratios of response of 2 and 10 ("6 
db. down" and " 20 db. down"). 
The bandwidth at 6 db. down must be sufficient 

to pass the signal and its sidebands if faithful 
reproduction of the signal is desired. However, in 
the crowded amateur bands, it is generally advisa-
ble to sacrifice fidelity for intelligibility. The 
ability to reject adjacent-channel signals depends 
upon the sk:rt selectivity of the receiver, which is 
determined by the bandwidth at high attenua-
tion. In a receiver with good skirt selectivity, the 
ratio of the 6-db. bandwidth to the 60-db. band-
width will be about 0.25 for c.w. and 0.5 for 
'phone. The minimum usable bandwidth at 
6-db. down is about 150 cycles for cow. reception 
and about 2000 cycles for 'phone. 
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Fig. 5-1 — Typical selectivity curve of a modern super-
heterodyne receiver. Relative response is plotted against 
deviations above and helms the resonance frequency. 
The scale at the left is in terms of voltage ratios, 
the corresponding decibel steps are shown at the right. 

Stability 

The stability of a receiver is its ability to 
"stay put" on a signal under varying conditions 
of gain-cOntrol setting, temperature, supply-
voltage changes and mechanical shock and dis-
tortion. The term "unstable" is also applied to a 
receiver that breaks into oscillation or a regenera-
tive condition with some settings of its controls 
that are not specifically intended to control such 
a condition. 

Fidelity 

Fidelity is the relative ability of the re-
ceiver to reproduce in its output the mod-
ulation carried by the incoming signal. For 
perfect fidelity, the relative amplitudes of the 
various components must not be changed by 
passing through the receiver. However, in ama-
teur communication the important requirement 
is to transmit intelligence and not "high-fidelity" 
signals. 

Detection and Detectors 
Detection is the process of recovering the 

modulation from a signal (see "Modulation, 
Heterodyning and Beats"). Any device that is 
"nonlinear" (i.e., whose output is not exactly 
proportional to its input) will act as a detector. 
It can be used as a detector if an impedance 
for the desired modulation frequency is con-
nected in the output circuit. 

Detector sensitivity is the ratio of desired 
detector output to the input. Detector linear-
ity is a measure of the ability of the detector to 
reproduce the exact form of the modulation 
on the incoming signal. The resistance or im-
pedance of the detector is the resistance or 
impedance it presents to the circuits it is con-

nected to. The input resistance is important 
in receiver design, since if it is relatively low it 
means that the detector will consume power, 
and this power must be furnished by the pre-
ceding stage. The signal-handling capability 
means the ability to accept signals of a specified 
amplitude without overloading or distortion. 

Diode Detectors 

The simplest detector for a.m. is the diode. A 
galena, silicon or germanium crystal is an 
imperfect form of diode (a small current can 
pass in the reverse direction), and the principle 
of detection in a crystal is similar to that in a 
vacuum-tube diode. 
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At. Output 

(A) 

(B) 

(C) 

A. . Output 

Fig. 5-2 — Simplified and practical diode detector 
circuits. A, the elementary half-wave diode detector; 
II, a practical circuit, with r.f. filtering and audio output 
coupling; C, full-wave diode detector, with output cou-
pling indicated. The circuit, MCI, is tuned to the signal 
frequency; typical values for C2 and Bi in A and C are 

tt. 250 pmfd. a(' 250,000 ohms, respectively; in B, C2 and 
Ca are 100 µpt.'''. each; RI, 50,000 ohms; and /12, 250,000 
ohms. C.4 is 0.1 pfd. and RS may be 0.5 to 1 megolun. 

Circuits for both half-wave and full-wave 
diodes are given in Fig. 5-2. The simplified 
half-wave circuit at 5-2A includes the r.f. 
tuned circuit, L2Ci, a coupling coil, LI, from 
which the r.f. energy is fed to L2C1, and the 
diode, D, with its load resistance, RI, and by-
pass condenser, C2. The flow of rectified r.f. 
current causes a d.c. voltage to develop across 
the terminals of RI. The — and -F signs show 
the polarity of the voltage. The variation in 
amplitude of the r.f. signal with modulation 
causes corresponding variations in the value of 
the d.c. voltage across RI. In audio work the 
load resistor, RI, is usually 0.1 megohm or 
higher, so that a fairly large voltage will develop 
from a small rectified-current flow. 
The progress of the signal through the de-

tector or rectifier is shown in Fig. 5-3. A typi-
cal modulated signal as it exists in the tuned 
circuit is shown at A. When this signal is ap-
plied to the rectifier tube, current will flow 
only during the part of the r.f, cycle when 
the plate is positive with respect to the eath-. 

ode, so that the output of the rectifier consists 
of half-cycles of r.f. These current pulses flow 
in the load circuit comprised of R1 and C2, the 
resistance of RI and the capacity of C2 being so 
proportioned that C2 charges to the peak value 
of the rectified voltage on each pulse and re-
tains enough charge between pulses so that the 
voltage across RI is smoothed out, as shown in 
C. C2 thus acts as a filter for the radio-fre-
quency component of the output of the recti-
fier, leaving a d.c. component that varies in 
the same way as the modulation on the original 
signal. When this varying d.c. voltage is ap-
plied to a following amplifier through a cou-
pling condenser (C4 in Fig. 5-2B), only the 
variations in voltage are transferred, so that 
the final output signal is a.c., as shown in D. 

In the circuit at 5-2B, RI and C2 have been 
divided for the purpose of providing a more 
effective filter for r.f. It is important to prevent 
the appearance of any r.f. voltage in the output 
of the detector, because it may cause overload-
ing of a succeeding amplifier tube. The audio-
frequency variations can be transferred to 
another circuit through a coupling condenser, 
C4, to a load resistor, Ra, which usually is a 
"potentiometer" so that the audio volume can 
be adjusted to a desired level. 

Coupling to the potentiometer (volume con-
trol) through a condenser also avoids any flow 
of d.c. through the control. The flow of d.c. 
through a high-resistance volume control often 
tends to make the control noisy (scratchy) after 
a short while. 
The full-wave diode circuit at 5-2C differs 

in operation from the half-wave circuit only in 
that both halves of the r.f. cycle are utilized. 
The full-wave circuit has the advantage that 
very little r.f. voltage appears across the load 
resistor, RI, because the midpoint of L2 is at 
the same potential as the cathode, or "ground" 
for r.f., and r.f. filtering is easier than in the 
half-wave circuit. 
The reactance of C2 must be small compared 
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Fig. 5-3 — Diagrams showing the detection process. 
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RFC 

(A) 

RFC 

kE 
g - Output 
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Fig. 5-4 — Circuits for plate detection. A, triode; 13, 
pentode. The input circuit, LICI, is tuned to the signal 
frequency. Typical values for the other components are: 

Component Circuit A Circuit B 

Cs 0.5 lard. or larger. 
C3 0.001 to 0.002 µM. 
C4 0.1 pfd. 
C5 
Hi 25,000 to 150,000 ohms. 
112 50,000 to 100,000 ohms. 
113 
144 
RFC 2.5 mh. 

Plate voltages from 100 to 
Effective screen voltage in B 

0.5 mfd. or larger. 
250 to 500 pad. 
0.1 dd. 
0.5 gfil. or larger. 
10,000 to 20,000 ohms. 
100,000 to 250,000 ohms. 
50,000 ohms. 
20,000 ohms. 
2.5 mh. 
250 volts may be used. 
should be about 30 volts. 

to the resistance of R1 at the radio frequency 
being rectified, but at audio frequencies must 
be relatively large compared to RI. If the capacity 
of Cs is too large, response at the higher audio 
frequencies will be lowered. 
Compared with other detectors, the sensitiv-

ity of the diode is low, normally running around 
0.8 in audio work. Since the diode consumes 
power, the Q of the tuned circuit is reduced, 
bringing about a reduction in selectivity. The 
loading effect of the diode is close to one-half the 
load resistance. The detector linearity is good. 
and the signal-handling capability is high. 

Plate Detectors 

The plate detector is arranged so that recti-
fication of the r.f. signal takes place in the plate 
circuit of the tube. Sufficient negative bias is ap-
plied to the grid to bring the plate current nearly 
to the cut-off point, so that application of a 
signal to the grid circuit causes an increase in 
average plate current. The average plate current 
follows the changes in signal amplitude in a 
fashion similar to the rectified current in a diode 
detector. 

Circuits for triodes and pentodes are given 
in Fig. 5-4. Cs is the plate by-pass condenser, 
and, with RFC, prevents r.f. from appear-
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ing in the output. The cathode resistor, RI, pro-
vides the operating grid bias, and Cs is a by-pass 
for both radio and audio frequencies. Rs is the 
plate load resistance and C4 is the output coupling 
condenser. In the pentode circuit at B, Rs and 

form a voltage divider to supply the proper 
screen potential (about 30 volts), and C5 is a 
by-pass condenser. Cs and C5 must have low 
reactance for both radio and audio frequencies. 

In general, transformer coupling from the 
plate circuit of a plate detector is not satisfac-
tory, because the plate impedance of any tube 
is very high when the bias is near the plate-
current cut-off point. Impedance coupling may 
be used in place of the resistance coupling shown 
in Fig. 5-4. Usually 100 henrys or more inductance 
is required. 
The plate detector is more sensitive than 

the diode because there is some amplifying action 
in the tube. It will handle large signals, but is not 
so tolerant in this respect as the diode. Linearity, 
with the self-biased circuits shown, is good. Up 
to the overload point the detector takes no power 
from the tuned circuit, and so does not affect 
its Q and selectivity. 

Infinite-Impedance Detector 

The circuit of Fig. 5-5 combines the high 
signal-handling capabilities of the diode detector 
with low distortion and, like the plate detector, 
does not load the tuned circuit it connects to. 
The circuit resembles that of the plate detector, 
except that the load resistance, RI, is connected 
between cathode and ground and thus is common 
to both grid and plate circuits, giving negative 
feed-back for the audio frequencies. The cath-
ode resistor is by-passed for r.f. but not for 
audio, while the plate circuit is by-passed to 
ground for both audio and radio frequencies. 
Rs forms, with Cs, an RC filter to isolate the 
plate from the "B" supply. An r.f. filter, con-
sisting of a series r.f. choke and a shunt condenser, 
can be connected between the cathode and C4 to 
eliminate any r.f. that might otherwise appear 
in the output. 
The plate current is very low at no signal, 

increasing with signal as in the case of the plate 
detector. The voltage drop across R1 consequently 

cc,1 
R F Input 

- A F 413 
Output 

Fig. 5-5 — The infinite-impedance detector. The input 
circuit, L2C:, is tuned to the signal frequency. Typical 
values for the other component. are: 
Cs — 250 gad. RI — 0.15 megohm. 
Cs — 0.5 µfd. 112 -25,000 ohms. 
C4 — 0.1 gfil. 1(3— 0.25-megohm volume control. 

A tube having a medium amplification factor (about 
20) should be used. Plate voltage should be 250 volts. 
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increases with signal. Because of this and the 
large initial drop across RI, the grid usually 
cannot be driven positive by the signal, and no 
grid current can be drawn. 

• REGENERATIVE DETECTORS 

By providing controllable r.f. feed-back 

(regeneration) in a triode or pentode detector 
circuit, the incoming signal can be amplified 
many times, thereby greatly increasing the 
sensitivity of the detector. Regeneration also 
increases the effective Q of the circuit and thus 
the selectivity. The grid-leak type of detector is 
most suitable for the purpose. 
The grid-leak detector is a combination diode 

rectifier and audio-frequency amplifier. In the 
circuits of Fig. 5-6, the grid corresponds to the 
diode plate and the rectifying action is exactly 
the same as in a diode. The d.c. voltage from 
rectified-current flow through the grid leak, 
RI, biases the grid negatively, and the audio-
frequency variations in voltage across R1 are 
amplified through the tube as in a normal a.f. 
amplifier. In the plate circuit, T1, L4 and L3 are 
the plate load resistances, C3 is a by-pass con-
denser and RFC an r.f. choke to eliminate r.f. 
in the output circuit. 
A grid-leak detector has considerably greater 

sensitivity than a diode. The sensitivity is further 
increased by using a screen-grid tube instead of a, 
triode, as at 5-6 B and C. The operation is equiva-
lent to that of the triode circuit. The screen by-
pass condenser, C5, should have low reactance 
for both radio and audio frequencies. 112 and 113 
constitute a voltage divider on the plate supply 
to furnish the proper screen voltage. In both 
circuits, C2 must have low r.f. reactance and high 
a.f. reactance compared to the resistance of RI. 

Although the regenerative grid-leak detector is 
more sensitive than any other type, its many 
disadvantages commend it for use only in the 
simplest receivers. The linearity is rather poor, 
and the signal-handling capability is limited. 
The signal-handling capability can be improved 
by reducing R1 to 0.1 megohm, but the sensitivity 
will be decreased. The degree of antenna coupling 
is often critical. 
The circuits in Fig. 5-6 are regenerative, the 

feed-back being obtained by feeding some signal 
to the grid back from the plate circuit. The 
amount of regeneration must be controllable, be-
cause maximum regenerative amplification is 
secured at the critical point where the circuit is 
just about to oscillate. The critical point in 
turn depends upon circuit conditions, which may 
vary with the frequency to which the detector is 
tuned. In the oscillating condition, a regenerative 
detector can be detuned slightly from an incom-
ing c.w. signal to give autodyne reception. 
The circuit of Fig. 5-6A uses a variable by-pass 

condenser, C3, in the plate circuit to control 
regeneration. When the capacity is small the 
tube does not regenerate, but as it increases 
toward maximum its reactance becomes smaller 
until there is sufficient feed-back to cause 
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oscillation. If L2 and L3 are wound end-to-end in 
the same direction, the plate connection is to the 
outside of the plate or "tickler" coil, L3, when 
the grid connection is to the outside of L2. 
The circuit of 5-6B is for a pentode tube, re-

generation being controlled by adjustment of 
the screen-grid voltage. The tickler, L3, is in 
the plate circuit. The portion of the control 
resistor between the rotaticg contact and 
ground is by-passed by a la:•ge condenser (0.5 

(A) 

(C) 

Fig. 5-6 — Triode and pentode regenerative detector 
circuits. The input circuit, 1,2C1, is tuned to the signal 
frequency. The grid e.nolenser, Ca, should have a value 
of about 100 add. in all circuits; the grid leak, RI, 
may range in value from 1 to 5 megohms. The tickler coil, 
L3, ordinarily bill have from 10 to 25 per cent of the 
number of turns on L2: in C., the cathode tap is about 10 
per cent of the number of turns on L2 above ground. 
Regeneration-control condenser C3 in A should have a 
maximum capacity of 100 pad. or more; b. -pass con-
densers C3 in B and C are likewise 100 pmfd: c5 is ordi-
narily 1 mfd. or more; R2. a 50,000-ohm potentiometer; 
Ra, 5-0,000 to 100,000 ohms. L4 in B (L3 in C) is a 500. 
henry inductance. C4 is 0.1 dd. in both circuits. Ti in A 
is a conventional audio transformer for coupling (min 
the plate of a tube to a following grid. RFC is 2.5 mh. 
In A, the plate voltage should he about 50 volts for 
best sensitivity. Pentode circuits require about 30 volts 
on the screen; plate potential may be 100 Lo 250 volts. 
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dd. or more) to filter out scratching noise 
when the arm is rotated. The feed-back is 
adjusted by varying the number of turns on 
1.3 or the coupling between L2 and 14, until the 
tube just goes into oscillation at a screen po-
tential of approximately 30 volts. 

Circuit C is identical with B in principle of 
operation. Since the screen and plate are in 
parallel for r.f. in this circuit, only a small 
amount of "tickler" — that is, relatively few 
turns between the cathode tap and ground 
— is required for oscillation. 

Smooth Regeneration Control 

The ideal regeneration control would permit 
the detector to go into and out of oscillation 
smoothly, would have no effect on the fre-
quency of oscillation, and would give the same 
value of regeneration regardless of frequency 
and the loading on the circuit. In practice, the 
effects of loading, particularly the loading that 
occurs when the detector circuit is coupled to 
an antenna, are difficult to overcome. Like-
wise, the regeneration is usually affected by the 
frequency to which the grid circuit is tuned. 

In all circuits it is best to wind the tickler at 
the ground or cathode end of the grid coil, and 
to use as few turns on the tickler as will allow 
the detector to oscillate easily over the whole 
tuning range at the plate (and screen, if a pen-
tode) voltage that gives maximum sensitivity. 
Should the tube break into oscillation suddenly 
as the regeneration control is advanced, making 
a click, it usually indicates that the coupling to 
the antenna (or r.f. amplifier) is too tight. The 
wrong value of grid leak plus too-high plate and 
screen voltage are also frequent causes of lack of 
smoothness in going into oscillation. 

Antenna Coupling 

If the detector is coupled to an antenna, 
slight changes in the antenna (as when the wire 
swings in a breeze) affect the frequency of the 
oscillations generated, and thereby the beat 
frequency when c.w. signals are being received. 
The tighter the antenna coupling is made, the 
greater will be the feedback required or the 
higher will be the voltage necessary to make the 
detector oscillate. The antenna coupling should 
be the maximum that will allow the detector to 
go into oscillation smoothly with the correct 
voltages on the tube. If capacity coupling to the 
grid end of the coil is used, generally only a very 
small amount of capacity will be needed to 
couple to the antenna. Increasing the capacity 
increases the coupling. 
At frequencies where the antenna system is 

resonant the absorption of energy from the 
oscillating detector circuit will be greater, with 
the consequence that more regeneration is 
needed. In extreme cases it may not he possible 
to make the detector oscillate with normal 
voltages. The remedy for these "dead spots" is to 
loosen the antenna coupling to a point that per-
mits normal oscillation and smooth regeneration 
control. 
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Body Capacity 

A regenerative detector occasionally shows a 
tendency to change frequency slightly as the 
hand is moved near the dial. This condition 
(body capacity) can be corrected by better shield-
ing, and sometimes by r.f. filtering of the 'phone 
leads. A good, short ground connection and 
loosening the coupling to the antenna will help. 

Hum 

Hum at the power-supply frequency, even 
when using battery plate supply, may result 
from the use of a.c. on the tube heater. Effects 
of this type normally are troublesome only when 
the circuit of Fig. 5-6C is used, and then only at 
14 Mc. and higher. Connecting one side of the 
heater supply to ground, or grounding the center-
tap of the heater-transformer winding, will reduce 
the hum. The heater wiring should be kept as 
far as possible from the r.f. circuits. 
House wiring, if of the "open" type, may cause 

hum if the detector tube, grid lead, and grid 
condenser and leak are not shielded. This type of 
hum is easily recognizable because of its rather 
high pitch. 

Tuning 

For c.w. reception, the regeneration control 
is advanced until the detector breaks into a 
"hiss," which indicates that the detector is 
oscillating. Further advancing the regenera-
tion control after the detector starts oscillating 
will result in a slight decrease in the strength of 
the hiss, indicating that the sensitivity • of the 
detector is decreasing. 
The proper adjustment of the regeneration 

control for best reception of c.w. signals is 
where the detector just starts to oscillate. Then 
c.w. signals can be tuned in and will give a tone 
with each signal depending on the setting of the 
tuning control. As the receiver is tuned through 
a signal the tone first will be heard as a very 
high pitch, then will go down through "zero 
beat" and rise again on the other side, finally 
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Fig. 5-7 — As the tuning dial of a receiver is turned 
past a c.w. signal, the beat-note varies from a high tone 
down through "zero beat" (no audible frequency differ-
ence) and back up to a high tone, as shown at A, B and 
C. The curve is a graphical representation of the action. 
The heat exists past 8000 or 10,000 cycles but usually is 
not heard because of the limitations of the aiido system. 
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disappearing at a very high pitch. This behavior 
is shown in Fig. 5-7. A low-pitched beat-note 
cannot be obtained from a strong signal because 
the detector "pulls in" or "blocks"; that is, 
the signal forces the detector to oscillate at the 
signal frequency, even though the circuit may 
not be tuned exactly to the signal. This phenom-
enon, is also called "locking-in"; the more stable 
of the two frequencies assumes control over the 
other. It usually can be corrected by advancing 
the regeneration control until the beat-note is 
heard again, or by reducing the input signal. 
The point just after the detector starts °sell-
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lating is the most sensitive condition for c.w. 
reception. Further advancing the regeneration 
control makes the receiver less susceptible 
to blocking by strong signals, but also less sensi-
tive to weak signals. 

If the detector is in the oscillating condition 
and a 'phone signal is tuned in, a steady audible 
beat-note will result. While it is possible to 
listen to 'phone if the receiver can be tuned to 
exact zero beat, it is more satisfactory to reduce 
the regeneration to the point just before the 
receiver goes into oscillation. This is also the 
most sensitive operating point. 

Tuning and Band-Changing Methods 
Band-Changing 

The resonant circuits that are tuned to the 
frequency of the incoming signal constitute a 
special problem in the design of amateur re-
ceivers, since the amateur frequency assign-
ments consist of groups or bands of frequencies 
at widely-spaced intervals. The same coil and 
tuning condenser cannot be used for, say, 14 Mc. 
to 3.5 Mc., because of the impracticable maxi-
mum-to-minimum capacity ratio required, and 
also because the tuning would be excessively 
critical with such a large frequency range. It is 
necessary, therefore, to provide a means for 
changing the circuit constants for various fre-
quency bands. As a matter of convenience the 
same tuning condenser usually is retained, but 
new coils are inserted in the circuit for each band. 
One method of changing inductances is to use 

a switch having an appropriate number of con-
tacts, which connects the desired coil and discon-
nects the others. The unused coils are sometimes 
short-circuited by the switch, to avoid the possi-
bility of undesirable self resonances in the unused 
coils. This is not necessary if the coils are sepa-
rated from each other by several coil diameters, 
or are mounted at right angles to each other. 
Another method is to use coils wound on 

forms with contacts (usually pins) that can 
be plugged in and removed from a socket. These 
coils are advantageous when space in a multiband 
receiver is at a premium. They are also very use-
ful when considerable experimental work is 
involved, because they are easier to work on than 
coils clustered around a switch. 

Bandspreading 

The tuning range of a given coil and variable 
condenser will depend upon the inductance of 
the coil and the change in tuning capacity. For 
ease of tuning, it is desirable to adjust the tun-
ing range so that practically the whole dial 
scale is occupied by the band in use. This is 
called bandspreading. Because of the varying 
widths of the bands, special tuning methods 
must be devised to give the correct maximum-
minimum capacity ratio on each band. Several 
of these methods are shown in Fig. 5-8. 

In A, a small bandspread condenser, C1 ( 15-
to 25-µpfd. maximum capacity), is used in par-
allel with a condenser, C2, which is usually large 

enough (100 to 140 µdd.) to cover a 2-to-1 
frequency range. The setting of C2 will de-
termine the minimum capacity of the circuit, 
and the maximum capacity for bandspread 
tuning will be the maximum capacity of CI 
plus the setting of C2. The inductance of the 
coil can be adjusted so that the maximum-
minimum ratio will give adequate bandspread. 
It is almost impossible, because of the non-
harmonic relation of the various band limits, to 
get full bandspread on all bands with the same 
pair of condensers. C2 is variously called the 
band-setting or main-tuning condenser. It must 
be reset each time the band is changed. 
The method shown at B 

makes use of condensers in 
series. The tuning con-
denser, C1, may have a (A) 
maximum capacity of 100 
add. or more. The mini-
mum capacity is deter-
mined principally by the 
setting of C3, which usu-
ally has low capacity, and 
the maximum capacity by 
the setting of C2, which is 
of the order of 25 to 50 
eigfd. This method is capa-
ble of close adjustment to 
practically any desired de-
gree of bandspread. Either 
C2 and C3 must be ad-
justed for each hand or 
separate preadjusted con-
densers must be switched 
in. 
The circuit at C also gives complete spread 

on each band. CI, the bandspread condenser, 
may have any convenient value of capacity; 
50 µdd. is satisfactory. C2 may be used for con-
tinuous frequency coverage ("general cover-
age") and as a band-setting condenser. The 
effective maximum-minimum capacity ratio 
depends upon the capacity of C2 and the point 
at which CI is tapped on the coil. The nearer 
the tap to the bottom of the coil, the greater 
the bandspread, and vice versa. For a given 
coil and tap, the bandspread will be greater 
if C2 is set at higher capacity. C2 may be mounted 
in the plug-in coil form and preset, if desired. 

(ED 

(c) 

Fig. 5-8 — Essentials 
of the three basic band - 
spread timing systems. 
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This requires a separate condenser for each band, 
but eliminates the necessity for resetting C2 each 
time the band is changed. 

Ganged Tuning 

The tuning condensers of the several r.f. 
circuits may be coupled together mechanically 
and operated by a single control. However, 
this operating convenience involves more com-
plicated construction, both electrically and 
mechanically. It becomes necessary to make 
the various circuits track — that is, tune to the 
same frequency at each setting of the tuning 
control. 

Fig. 5-9 — Showing the use 
of a trimmer condenser to 
set the minimum circuit ca-
pacity in order to obtain true 
tracking for gang-tuning. 

True tracking can be obtained only when the 
inductance, tuning condensers, and circuit 
inductances and minimum and maximum 
capacities are identical in all "ganged" stages. 
A small trimmer or padding condenser may be 
connected across the coil, so that variations in 
minimum capacity can be compensated. The 
fundamental circuit is shown in Fig. 5-9, where 
CI is the trimmer and C2 the tuning condenser. 
The use of the trimmer necessarily increases the 
minimum circuit capacity, but it is a necessity 
for satisfactory tracking. Midget condensers 
having maximum capacities of 15 to 30 aafd. are 
commonly used. 
The same methods are applied to band-

spread circuits that must be tracked. The 
circuits are identical with those of Fig. 5-8. 
If both general-coverage and bandspread tun-
ing are to be available, an additional trimmer 
condenser must be connected across the coil in 
each circuit shown. If only amateur-band tun-
ing is desired, however, then Ca in Fig. 5-8B, 
and C2 in Fig. 5-8C, serve as trimmers. 
The coil inductance can be adjusted by 

starting with a larger number of turns than 

necessary and removing a turn or fraction of 
a turn at a time until the circuits track satis-
factorily. An alternative method, provided the 
inductance is reasonably close to the correct 
value initially, is to make the coil so that the 
last turn is variable with respect to the whole 
coil, or to use a single short-circuited turn the 
position of which can be varied with respect to 
the coil. The application of these methods is 
shown in Fig. 5-10. 

Still another method for trimming the in-
ductance is to use an adjustable brass (or copper) 
or powdered-iron core. The brass core acts like a 
single shorted turn, and the inductance of the 
coil is decreased as the brass core, or "slug," is 
moved into the coil. The powdered-iron core has 
the opposite effect, and increases the inductance 
as it is moved into the coil. The Q of the coil is 
not affected materially by the use of the brass 
slug, provided the brass slug has a clean surface 
or is silverplated. The use of the powdered-iron 
core will raise the Q of a coil, provided the iron 
is suitable for the frequency in use. Good pow-
dered-iron cores can be obtained for use up to 
about 50 Mc. 

(B) 
Fig. 5-10 — Methods of adjusting the inductance for 
ganging. The half-turn in A can be ntoved so that its 
magnetic fieM either aids or opposes the field of the coil. 
The shorted loop in B is not connected to the coil, but 
operates by induction. It sill have no effect on the coil 
inductance when the axis of the loop is perpendicular 
to the axis of the coil, and will give maximum reduction 
of the coil inductance when rotated 90°. The loop can be 
a solid disk of metal and give exactly the same effect. 

The Superheterodyne 

For many years (up to about 1932) practi-
cally the only type of receiver to be found in 
amateur stations consisted of a regenerative 
detector and one or more stages of audio amplifi-
cation. Receivers of this type can be made quite 
sensitive but strong signals block them easily 
and, in our present crowded bands, they are 
seldom used except in emergencies. They have 
been replaced by superheterodyne receivers, 
generally called "superhets." 

The Superheterodyne Principle 

In a superheterodyne receiver, the frequency 
of the incoming signal is heterodyned to a new 
radio frequency, the intermediate frequency 
(abbreviated "i.f."), then amplified, and finally 
detected. The frequency is changed by modulating 
the output of a tunable oscillator (the high-fre-

quency, or local, oscillator) by the incoming 
signal in a mixer or converter stage (first de-
tector) to produce a side frequency equal to the 
intermediate frequency. The other side frequency 
is rejected by selective circuits. The audio. 
frequency signal is obtained at the second 
detector. C.w. signals are made audible by 
autodyne or heterodyne reception at the second 
detector. 
As a numerical example, assume that an 

intermediate frequency of 455 kc. is chosen 
and that the incoming signal is at 7000 kc. 
Then the high-frequency oscillator frequency 
may be set to 7455 kc., in order that one side 
frequency (7455 minus 7000) will be 455 kc. 
The high-frequency oscillator could also be set 
to 6545 kc. and give the same difference fre-
quency. To produce an audible c.w. signal at 
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the second detector of, say, 1000 cycles, the 
autodyning or heterodyning oscillator would 
be set to either 454 or 456 kc. 
The frequency-conversion process permits 

r.f. amplification at a relatively low frequency, 
the i.f. High selectivity and gain can be ob-
tained at this frequency, and this selectivity 
and gain are constant. The separate oscillators 
can be designed for good stability and, since they 
are working at frequencies considerably removed 
from the signal frequencies (percentage-wise), 
they are not normally " pulled" by the incoming 
signal. 

Images 

Each h.f. oscillator frequency will cause i.f. 
response at two signal frequencies, one higher 
and one lower than the oscillator frequency. 
If the oscillator is set to 7455 kc. to tune to a 
7000-kc. signal, for example, the receiver can 
respond also to a signal on 7910 kc., which 
likewise gives a 455-kc. beat. The undesired 
signal is called the image. It can cause unneces-
sary interference if it isn't eliminated. 
The radio-frequency circuits of the receiver 

(those used before the signal is heteroened 
to the i.f.) normally are tuned to the desired 
signal, so that the selectivity of the circuits re-
duces or eliminates the response to the image 
signal. The ratio of the receiver voltage out-
put from the desired signal to that from the 
image is called the signal-to-image ratio, or 
image ratio. 
The image ratio depends upon the selectivity 

of the r.f. tuned circuits preceding the mixer 
tube. Also, the higher the intermediate fre-
quency, the higher the image ratio, since raising 
the i.f. increases the frequency separation be-
tween the signal and the image and places the 
latter further away from the resonance peak 
of the signal-frequency input circuits. Most 
receiver designs represent a compromise be-
tween economy (few r.f. stages) and image re-
jection (large number of r.f. stages). 

Other Spurious Responses 

In addition to images, other signals to which 
the receiver is not ostensibly tuned may be 
heard. Harmonics of the high-frequency oscil-
lator may beat with signals far removed from 
the desired frequency to produce output at the 
intermediate frequency; such spurious responses 
can be reduced by adequate selectivity before 
the mixer stage, and by using sufficient shielding 
to prevent signal pick-up by any means other 
than the antenna. When a strong signal is re-
ceived, the harmonics generated by rectification 
in the second detector may, by stray coupling, 
be introduced into the r.f. or mixer circuit and 
converted to the intermediate frequency, to go 
through the receiver in the same way as an ordi-
nary signal. These "birdies" appear as a hetero-
dyne beat on the desired signal, and are princi-
pally bothersome when the frequency of the 
incoming signal is not greatly different from the 

intermediate frequency. The cure is proper 
circuit isolation and shielding. 

Harmonics of the beat oscillator also may be 
converted in similar fashion and amplified 
through the receiver; these responses can be 
reduced by shielding the beat oscillator and 
operating it at low power level. 

The Double Superheterodyne 

At high and very-high frequencies it is diffi-
cult to secure an adequate image ratio when 
the intermediate frequency is of the order of 
455 kc. To reduce image response the signal 
frequently is converted first to a rather high 
(1500, 5000, or even 10,000 kc.) intermediate 
frequency, and then — sometimes after fur-
ther amplification — reconverted to a lower 
i.f. where higher adjacent-channel selectivity 
can be obtained. Such a receiver is called a 
double superheterodyne. 

• FREQUENCY CONVERTERS 
A circuit tuned to the intermediate frequency 

is placed in the plate circuit of the mixer, to offer 
a high impedance to the i.f. voltage that is devel-
oped. The signal- and oscillator-frequency volt-
ages appearing in the plate circuit are rejected by 
the selectivity of this circuit. The i.f. tuned 
circuit should have low impedance for these 
frequencies, a condition easily met if they do 
not approach the intermediate frequency. 
The conversion efficiency of the mixer is 

the ratio of i.f. output voltage from the plate 
circuit to r.f. signal voltage applied to the grid. 
High conversion efficiency is desirable. The 
mixer tube noise also should be low if a good 
signal-to-noise ratio is wanted, particularly 
if the mixer is the first tube in the receiver. 
The mixer should not require too much r.f. 

power from the h.f. oscillator, since it may be 
difficult to supply the power and yet maintain 
good oscillator stability. Also, the conversion 
efficiency should not depend too critically on 
the oscillator voltage (that is, a small change 
in oscillator output should not change the 
gain), since it is difficult to maintain constant 
output over a wide frequency range. 
A change in oscillator frequency caused by 

tuning of the mixer grid circuit is called pulling. 
Pulling should be minimized, because the stabil-
ity of the whole receiver depends critically upon 
the stability of the h.f. oscillator. Pulling de-
creases with separation of the signal and h.f.-
oscillator frequencies, being less with high in-
termediate frequencies. Another type of pull-
ing is caused by regulation in the power supply. 
Strong signals cause the supply voltage to 
change, and this in turn shifts the oscillator 
frequency. 

Circuits 

If the first detector and high-frequency oscilla-
tor are separate tubes, the first detector is called 
a "mixer." If the two are combined in one en-
velope (as is often done for reasons of economy or 
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efficiency), the first detector is called a "con-
verter." In either case the function is the same. 

Typical mixer circuits are shown in Fig. 5-11. 
The variations are chiefly in the way in which 
the oscillator voltage is introduced. In 5-11A, 
a pentode functions as a plate detector; the 
oscillator voltage is capacity-coupled to the 
grid of the tube through C2. Inductive coupling 
may be used instead. The conversion gain and in/ND 
input selectivity generally are good, so long as 
the sum of the two voltages (signal and oscilla-
tor) impressed on the mixer grid does not exceed 
the grid bias. It is desirable to make the oscillator 
voltage as high as possible without exceeding 
this limitation. The oscillator power required is 
negligible. If the signal frequency is only 5 or 10 
times the i.f., it may be difficult to develop enough 
oscillator voltage at the grid (because of the 
selectivity of the tuned input circuit). However, 
the circuit is a sensitive one and makes a good 
mixer, particularly with high-Gm tubes like the 
6AC7 and 6AK5. A good triode also works well 
in the circuit, and tubes like the 7F8 (one section), 
the 6.16 (one section), the 12AT7 (one section), 
and the 6J4 work well. When a triode is used, 
the signal frequency must be short-circuited in 
the plate circuit, and this is done by connecting 
the tuning capacitor of the i.f. transformer 
directly from plate to cathode. 

It is difficult to avoid "pulling" in a triode 
or pentode mixer, and a pentagrid mixer tube 
provides much better isolation. A typical cir-
cuit is shown in Fig. 5-11B, and tubes like the 
6SA7, 7Q7 or 6BE6 are commonly used. The 
oscillator voltage is introduced through an "in-
jection" grid. Measurement of the rectified 
current flowing in R2 is used as a check for proper 
oscillator-voltage amplitude. Tuning of the 
signal-grid circuit can have little effect on the 
oscillator frequency because the injection grid is 
isolated from the signal grid by a screen grid 
that is at r.f. ground potential. The pentagrid 
mixer is much noisier than a triode or pentode 
mixer, but its isolating characteristics make it 
a very useful device. 
Many receivers use pentagrid converters, and 

two typical circuits are shown in Fig. 5-12. 
The circuit shown in Fig. 5-12A, which is suitable 
for the 6K8, is for a "triode-hexode" converter. 
A triode oscillator tube is mounted in the same 
envelope with a hexode, and the control grid of 
the oscillator portion is connected internally to 
an injection grid in the hexode. The isolation 
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Fig. 5-11 — Typical circuits for separately-excited 
mixers. Grid injection of a pentode mixer is shown at A, 
and separate excitation of a pentagrid converter is given 
in B. Typical values for B %sill be found in Table 5-1 — 
the values below are for the pentode mixer of A. 
— 10 to 50 ppfd. lit — 1.0 rnegohm. 

C2 — 5 to 10 rorfd. 113 — 6.47 megohm. 
CS, C4, Cs — 0.001 pfd. It. — 1500 ohms. 
111 — 6800 ohms. 

Positive supply voltage can be 250 volts with a 
6AC7, 150 with a 6AK5. 

between oscillator and converter tube is reason-
ably good, and very little pulling results, except 
on signal frequencies that are quite large com-
pared with the i.f. 
The pentagrid-converter circuit shown in Fig. 

5-12B can be used with a tube like the 6SA7, 
6SB7Y, 6BA7 or 6BE6. Generally the only care 
necessary is to adjust the feed-back of the oscilla-
tor circuit to give the proper oscillator r.f. volt-
age. This condition is checked by measuring the 
d.c. current flowing in grid resistor R2. 
A more stable receiver generally results, par-

ticularly at the higher frequencies, when sepa-
rate tubes are used for the mixer and oscillator. 
Practically the same number of circuit com-

TABLE 5-1 

Circuit and Operating Values for Converter Tubes 
Plate voltage =250 Screen voltage = 100, or through specified resistor from 250 volts 

SELF-EXCITED SEPARATE EXCITATION 
Cathode Screen Grid Grid Cathode Screen ri 

. 
Grid 

Tube Resistor Resistor Leak Current Resistor Resistor Leak Current 

(dt t7'  0 12,000 22,000 0.35 ma. 68 15,000 
1,11E61  0 22,000 22,000 0.5 150 22,000 
6K82(6AE8')  240 27,000 47,000 0.15-0.2 — — 
6SA72(7Q73)  0 18,000 22,000 0.5 150 
68137Y2  0 15,000 22,000 0.35 68 
' Miniature tube 2 Octal base, metal. 3 Lock-in base. 

22,000 0.35 ma. 
22,000 0.5 

18,000 22,000 0.5 
15,000 22,000 0.35 
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6SA7, 68E6 or 6597 

+ 250 

Fig. 5-12 — Typical circuits for triode-hexode (A) and 
pentagrid (B) converters. Values for RI, Ra and Ra ean 
be found in Table 5-1; others are given below. 
Ci — 47 add. Ca — 0.01 dd. 
Ca, C4, Ca — 0.001 mfd. Bs — 1000 ohms. 

ponents is required whether or not a combi-
nation tube is used, so that there is very little 
difference to be realized from the cost standpoint. 

Typical circuit constants for converter tubes 
are given in Table 5-I. The grid leak referred 
to is the oscillator grid leak or injection-grid 
return, R2 of Figs. 5-11 and 5-12. 
The effectiveness of converter tubes of the type 

just described becomes less as the signal fre-
quency is increased. Some oscillator voltage will 
be coupled to the signal grid through "space-
charge" coupling, an effect that increases with 
frequency. If there is relatively little frequency 
difference between oscillator and signal, as for 
example a 14- or 28-Mc. signal and an i.f. of 455 
kr., this voltage can become considerable because 
the selectivity of the signal circuit will be unable 
to reject it. If the signal grid is not returned 
directly to ground, but instead is returned 
through a resistor or part of an a.v.c. system, 
considerable bias can be developed which will 
cut down the gain. For this reason, and to reduce 
image response, the i.f. following the first con-
verter of a receiver should be not less than 5 or 10 
percent of the signal frequency, for best results. 

Audio Converters 

Converter circuits of the type shown in Fig. 
5-12 can be used to advantage in the reception of 
C.W. and single-sideband suppressed-career sig-
nals, by introducing the local oscillator on the 
No. 1 grid, the signal on the No. 3 grid, and work-
ing the tube into an audio load. Its operation can 

be visualized as heterodyning the incoming signal 
into the audio range. The use of such circuits for 
audio conversion has been limited to selective i.f. 
amplifiers operating below 500 ke. and usually 
below 100 kc. An ordinary a.m. signal cannot be 
received on such a detector unless the tuning is 
adjusted to make the local oscillator zero-beat 
with the incoming carrier. 

Since the beat oscillator modulates the electron 
stream completely, a large beat-oscillator com-
ponent exists in the plate circuit. To prevent 
overload of the following audio amplifier stages, 
an adequate i.f. filter must be used in the output 
of the converter. 

• THE HIGH-FREQUENCY OSCILLATOR 

Stability of the receiver is dependent chiefly 
upon the stability of the h.f. oscillator, and 
particular care should be given this part of the 
receiver. The frequency of oscillation should be 
insensitive to mechanical shock and changes 

(A) 

(3) 

(c) 

Fig. 5-13 — High-frequency oscillator circuits. A, pen-
tode grounded-plate oscillator; B, triode grounded-
plate oscillator; C, triode ,,,cillator uith tickler 
Conan g to themixer ma v he taken from point. \ a it. I In 
A and B, coupling from 1u ill reduce pulling effects, hut 
gives less voltage than from X; thi. Is pe is hest adapted 
to mixer circuits with small oscillator-voltage require-
ments. Typical values for components are as follows: 

Circuit A Circuit 11 Circuit C 
CI — 100 ,dd. 100 µAI. 100 »dd. 
Ca — 0.1 dd. 0.1 dd. 0.1 dd. 
Ca — 0.1 ufd. 
Ili — 47,000 ohms. 47,000 ohms. 47,000 ohms. 
112 — 47,000 ohms. 10,000 to 10,000 to 

25,000 ohms. 25,000 ohms. 

The plate-supply voltage should be 250 volts. In cir-
cuits B and C, R is used to drop the supply voltage to 
100-150 volts; it may be omitted if voltage is obtained 
from a voltage divider in the power supply, 
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in voltage and loading. Thermal effects (slow 
change in frequency because of tube or circuit 
heating) should be minimized. They can be 
reduced by using ceramic instead of bakelite 
insulation in the r.f. circuits, a large cabinet 
relative to the chassis (to provide for good radia-
tion of developed heat), minimizing the number 
of high-wattage resistors in the receiver and put-
ting them in the separate power supply, and not 
mounting the oscillator coils and tuning con-
denser too close to a tube. Propping up the lid 
of a receiver will often reduce drift by lowering 
the terminal temperature of the unit. 

Sensitivity to vibration and shock can be 
minimized by using good mechanical support for 
coils and tuning condensers, a heavy chassis, and 
by not hanging any of the oscillator-circuit com-
ponents on long leads. Tie-points should be used 
to avoid long leads. Stiff short leads are excellent 
because they can't be made to vibrato. 
Smooth tuning is a great convenience to the 

operator, and can be obtained by taking pains 
with the mounting of the dial and tuning con-
densers. They should have good alignment 
and no back-lash. If the condensers are mounted 
off the chassis on posts instead of brackets, it is 
almost impossible to avoid some back-lash 
unless the posts have extra-wide bases. The 
condensers should be selected with good wiping 
contacts to the rotor, since with age the rotor 
contacts can be a source of erratic tuning. All 
joints in the oscillator tuning circuit should be 
carefully soldered, because a loose connection or 
"rosin joint" can develop trouble that is some-
times hard to locate. The chassis and panel 
materials should be heavy and rigid enough so 
that pressure on the tuning dial will not cause 
torsion and a shift in the frequency. 

In addition, the oscillator must be capable 
of furnishing sufficient r.f. voltage and power 
for the particular mixer circuit chosen, at all 
frequencies within the range of the receiver, 
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and its harmonic output should be as low as 
possible to reduce the possibility of spurious 
responses. 
The oscillator plate power should be as low 

as is consistent with adequate output. Low 
plate power will reduce tube heating and there-
by lower the frequency drift. The oscillator 
and mixer circuits should be well isolated, pref-
erably by shielding, since coupling other than by 
the intended means may result in pulling. 

If the h.f.-oscillator frequency is affected by 
changes in plate voltage, a voltage-regulated 
plate supply (Vit tube) can be used. 

Circuits 

Several oscillator circuits are shown in Fig. 
5-13. The point at which output voltage is taken 
for the mixer is indicated in each case by X or 
Y. Circuits A and B will give about the same 
results, and require only one coil. However, in 
these two circuits the cathode is above ground 
potential for r.f., which often is a cause of hum 
modulation of the oscillator output at 14 Mc. 
and higher frequencies when a.c.-heated-cathode 
tubes are used. The circuit of Fig. 5-13C reduces 
hum because the cathode is grounded. It is simple 
to adjust, and it is also the best circuit to use with 
filament-type tubes. With filament-type tubes, 
the other two circuits would require r.f. chokes to 
keep the filament above r.f. ground. 

Besides the use of a fairly high CIL ratio in 
the tuned circuit, it is necessary to adjust the 
feed-back to obtain optimum results. Too much 
feed-back may cause the oscillator to "squeg" 
and generate several frequencies simultaneously; 
too little feed-back will cause the output to be 
low. In the tapped-coil circuits (A, B), the feed-
back is increased by moving the tap toward the 
grid end of the coil. Using the oscillator shown 
at C, feed-back is obtained by increasing the 
number of turns on L2 or by moving L2 closer to 
L1. 

The Intermediate-Frequency Amplifier 

One major advantage of the superliet is that 
high gain and selectivity can be obtained by 
using a good i.f. amplifier. This can be a one-
stage affair in simple receivers, or two or three 
stages in the more elaborate sets. 

Choice of Frequency 

The selection of an intermediate frequency 
is a compromise between conflicting factors. The 
lower the i.f. the higher the selectivity and gain, 
but a low i.f. brings the image nearer the desired 
signal and hence decreases the image ratio. A 
low i.f. also increases pulling of the oscillator 
frequency. On the other hand, a high i.f, is benefi-
cial to both image ratio and pulling, but the 
selectivity and gain are lowered. The difference 
in gain is least important. 
An i.f. of the order of 455 Ice. gives good selec-

tivity and is satisfactory from the standpoint of 
image ratio and oscillator pulling at frequencies 

up to 7 Mc. The image ratio is poor at 14 Mc. 
when the mixer is connected to the antenna, but 
adequate when there is a tuned r.f. amplifier 
between antenna and mixer. At 28 Mc. and on 
the very-high frequencies, the image ratio is very 
poor unless several r.f. stages are used. Above 14 
Me., pulling is likely to be bad unless very loose 
coupling can be used between mixer and oscil-
lator. 
With an if. of about 1600 ke., satisfactory 

image ratios can be secured on 14, 21 and 28 
Me. but the i.f. selectivity is considerably lower. 
For frequencies of 28 Mc. and higher, the best 
solution is to use a double superheterodyne, 
choosing one high i.f. for image reduction (5 
and 10 Me. are frequently used) and a lower 
one for gain and selectivity. 

In choosing an i.f. it is wise to avoid frequen-
cies on which there is considerable activity by 
the various radio services, since such signals 
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may be picked up directly on the i.f. wiring. 
Shifting the i.f. or better shielding are the solu-
tions to this interference problem. 

Fidelity; Sideband Cutting 

Modulation of a carrier causes the genera-
tion of sideband frequencies numerically equal 
to the carrier frequency plus and minus the 
highest modulation frequency present. If the 
receiver is to give a faithful reproduction of 
modulation that contains, for instance, audio 
frequencies up to 5000 cycles, it must at least be 
capable of amplifying equally all frequencies con-
tained in a band extending from 5000 cycles 
above or below the carrier frequency. In a super-
heterodyne, where all carrier frequencies are 
changed to the fixed intermediate frequency, this 
means that the i.f. amplifier should amplify 
equally well all frequencies within that band. In 
other words, the amplification must be uniform 
over a band 5 kc. wide, when the carrier is set at 
one edge. If the carrier is set in the center, a 
10-kc. band is required. The signal-frequency 
circuits usually do not have enough over-all 
selectivity to affect materially the "adjacent-
channel" selectivity, so that only the i.f.-amplifier 
selectivity need be considered. 

If the selectivity is too great to permit uni-
form amplification over the band of frequen-
cies occupied by the modulated signal, some 
of the sidebands are "cut." While sideband cut-
ting reduces fidelity, it is frequently preferable 
to sacrifice naturalness of reproduction in favor 
of communications effectiveness. 
The selectivity of an i.f. amplifier, and hence 

the tendency to cut sidebands, increases with 
the number of amplifier stages and also is greater 
the lower the intermediate frequency. From the 
standpoint of communication, sideband cutting 
is never serious with two-stage amplifiers at 
frequencies as low as 455 kc. A two-stage i.f. 
amplifier at 85 or 100 Ice. will be sharp enough to 
cut some of the higher-frequency sidebands, if 
good transformers are used. However, the cutting 
is not at all serious, and the gain in selectivity is 
worthwhile if the receiver is used in the lower-
frequency bands. 

Circuits 

I.f. amplifiers usually consist of one or two 
stages. At 455 kc. two stages generally give 
all the gain usable, and also give suitable se-
lectivity for ' phone reception. 
A typical circuit arrangement is shown in 

Fig. 5-14. A second stage would simply dupli-
cate the circuit of the first. The i.f. amplifier 
practically always uses a remote cut-off pen-
tode-type tube operated as a Class A amplifier. 
For maximum selectivity, double-tuned trans-
formers are used for interstage coupling, al-
though single-tuned circuits or transformers 
with untuned primaries can be used for cou-
pling, with a consequent loss in selectivity. All 
other things being equal, the selectivity of an 
i.f. amplifier is proportional to the number of 
tuned circuits in it. 
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In Fig. 5-14, the gain of the stage is reduced 
by introducing a négative voltage to the lead 
marked "to a.v.c." or a positive voltage to R1 
at the point marked "to manual gain control." 
In either case, the voltage increases the bias on 
the tube and reduces the mutual conductance 
and hence the gain. When two or more stages are 
used, these voltages are generally obtained from 
common sources. The decoupling resistor, 113, 

helps to prevent unwanted interstage coupling. 
C2 and R4 are part of the automatic volume-
control circuit (described later); if no a.v.c. is 
used, the lower end of the i.f.-transformer sec-
ondary is connected to ground. 

In a two-stage amplifier the screen grids of 
both stages may be fed from a common supply, 
either through a resistor ( 112) as shown, the 
screens being connected in parallel, or from a 
voltage divider across the plate supply. Sep-
arate screen voltage-dropping resistors are pref-
erable for preventing undesired coupling between 
stages. 

Typical values of cathode and screen re-
sistors for common tubes are given in Table 
5-II. The 6K7, 6SK7, 6BJ6 and 7H7 are recom-
mended for i.f. work. The indicated screen re-
sistors drop the plate voltage to the correct 
screen voltage, as 112 in Fig. 5-14. 
When two stages are used the high gain will 

tend to cause instability and oscillation, so 
that good shielding, by-passing, and careful 
circuit arrangement to prevent stray coupling, 
with exposed r.f. leads well separated. are nec-
essary. 

I. F. Transformers 

The tuned circuits of i.f. amplifiers are built 
up as transformer units consisting of a metal 
shield container in which the coils and tuning 
condensers are mounted. Both air-core and 
powdered iron-core universal-wound coils are 
used, the latter having somewhat higher Qs 
and hence greater selectivity and gain. In uni-
versal windings the coil is wound in layers with 
each turn traversing the length of the coil, back 
and forth, rather than being wound perpendicu-
lar to the axis as in ordinary single-layer coils. 
In a straight multilayer winding, a fairly large 

Plate of 
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Fig. 5-14 — Typical intermediate-frequency amplifier cir-
cuit for a superheterodyne receiver. Representative values 
for components are as follows: 

Ci — 0.1 gfd. at 455 lie.: 0.01 dd. at 1600 kc. and higher. 
C2 — 0.01 ad. 
Ca, Ci, C2 — 0.1 ad. at 455 kc.; 0.01 dd. above 1600 kc. 
RI, R2 — See Table 5-11. R3 — 1800 ohms. 
114 -- 0.22 megoluu. 
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Variable air 
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PERMEABILITY TUNED 

Fig. 5-15 — Representative i.f.-transformer construe. 
tion. Coils are supported on insulating tubing or (in the 
air-tuned type) on wax-impregnated wooden dowels. 
The shield in the air-tuned transformer prevents ca-
pacity coupling between the tuning condensers. In the 
permeability-tuned transformer the cores consist of 
finely-divided iron particles supported in an insulat-
ing binder, formed into cylindrical "plugs." The 
tuning capacity is fixed, and the inductances of the 
coils are varied by moving the iron plugs in and out. 

capacity can exist between layers. Universal 
winding, with its "criss-crossed" turns, tends to 
reduce distributed-capacity effects. 

For tuning, air-dielectric tuning condensers 
are preferable to mica compression types because 
their capacity is practically unaffected by changes 
in temperature and humidity. Iron-core trans-
formers may be tuned by varying the inductance 
(permeability tuning), ill which ca.se stability 
comparable to that of variable air-condenser 
tuning can be obtained by use of high-stability 
fixed mica condensers. Such stability is of great 
importance, since a circuit whose frequency 
"drifts" with time eventually will be tuned to a 
different frequency than the other circuits, 
thereby reducing the gain and selectivity of the 
amplifier. Typical i.f.-transformer construction 
is shown in Fig. 5-15. 

Besides the type of i.f. transformer shown in 
Fig. 5-15, special units to give desired selectiv-
ity characteristics are available. For higher-
than-ordinary adjacent-channel selectivity triple-
tuned transformers, with a third tuned circuit 
inserted between the input and output windings, 
are sometimes used. The energy is transferred 
from the input to the output windings via this 
tertiary winding, thus adding its selectivity to 
the over-all selectivity of the transformer. Varia-
ble-selectivity transformers also can be obtained. 
These usually are provided with a third (un-
tuned) winding which can be connected to a 
resistor, thereby loading the tuned circuits and 
decreasing the Q to broaden the selectivity curve. 
The resistor is switched in and out of the circuit 
to vary the selectivity. Another method is to 
vary the coupling between primary and sec-
ondary, overcoupling being used to broaden the 
selectivity curve. Special circuits using single 
tuned circuits, coupled in any of several different 
ways, are used in some applications. 

Selectivity 

The over-all selectivity of the r.f. amplifier 
will depend on the frequency and the number 
of stages. The following figures are indicative 
of the bandwidths to be expected with good-
quality transformers in amplifiers so constructed 
as to keep regeneration at a minimum: 

Bandwidth in Kilocycles 
6 db. 20 db. 40 db. 

Intermediate Frequency down down down 
One stage, 50 kc. (iron core) 0.8 1.4 2.8 
One stage, 455 ke. (air core).  8.7 17.8 32.3 
One stage, 455 he. (iron core)  4.3 10.3 20.4 
Two stages, 455 ke. (iron core) 2.9 6.4 10.8 
Two stages, 1600 kc   11.0 16.6 27.4 
Two stages, 5000 kc   25.8 46.0 100.0 

Tubes for I.F. Amplifiers 

Variable-p (remote cut-off) pentodes are al-
most invariably used in i.f. amplifier stages, 
since grid-bias gain control is practically always 
applied to the i.f. amplifier. Tubes with high 
plate resistance will have least effect on the 
selectivity of the amplifier, and those with high 
mutual conductance will give greatest gain. The 
choice of i.f. tubes has practically no effect on the 
signal-to-noise ratio, since this is determined by 
the preceding mixer and r.f. amplifier. 
When single-ended tubes are used, the plate 

and grid leads should be well separated. With 
these tubes it is advisable to mount the screen 
by-pass condenser directly on the bottom of the 
socket, crosswise between the plate and grid 
pins, to provide additional shielding. The outside 
foil of the condenser should be grounded. 

• THE SECOND DETECTOR AND 
BEAT OSCILLATOR 

Detector Circuits 

The second detector of a superheterodyne 
receiver performs the same function as the de-
tector in the simple receiver, but usually operates 
at a higher input level because of the relatively 

Tube 

6A1371• 
6A(771 
6AK52 
611-62 
613A.62. 
6131162 
613.162. 
6.171 
6K71* 
6S(17I• 

681171 250 
6S.171 250 
6SK71• 250 
7(17/12322 250 
71171* 250 
'Octal base, metal. 
• Remote cut-off type. 

TABLE 5- II 

Cathode and Screen-Dropping 

Resistors for R.F. or 1.1. Amplifiers 

PI Screen 
Volts Voile 

300 
300 
180 
250 
2.50 
250 
250 
250 
250 
250 125 
250 150 

150 
100 820 
100 270 
100 270 
150 180 
Miniature tube. 

CWItode 
Reastor 

200 ohms 
160 

120 200 
150 68 
100 68 
150 100 
100 82 
100 1200 
125 240 

68 
200 
68 

Screen 
Reaetor 

33,000 ohms 
62,000 
27,000 
33,000 
33,000 
33,000 
47,000 

270,000 
47,000 
27,000 
47,000 
39,000 
180,000 
56,000 
68,000 
27,000 
Lock-in base. 
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Fig. 5-16 — Automatic volume-control 
circuit using a dual-diode-triode as a 
combined a.v.c. rectifier, second de-
tector and first a.f. amplifier. 

lit — 0.27 megohm. 
112 — 47,000 to 220,000 ohms. 
lia — 1800 ohms. 
R4 — 2 to 5 megohms. 
lia — 0.47 to 1 megohm. 

117, Rs, Rs — 0.22 megohm. 
Rio — 0.5-megohm variable. 
CI, C2, C3 — 100 add. 
c4- 0.1 mfd. 
Ca, Ca, C7 — 0.01 dd. 
Cs, Co 0.01 to 0.1 µfd. 
Cio — 5. to 10-afd. electrolytic. 

—270 add. 

great amplification ahead of it. Therefore, the 
ability to handle large signals without distortion 
is preferable to high sensitivity. Plate detection 
is used to some extent, but the diode detector is 
most popular. It is especially adapted to furnish-
ing automatic gain or volume control. The basic 
circuits have been described, although in many 
cases the diode elements are incorporated in a 
multipurpose tube that contains an amplifier 
section in addition to the diode. 

The Beat Oscillator 

Any standard oscillator circuit may be used 
for the beat oscillator required for heterodyne 
reception. Special beat-oscillator transformers 
are available, usually consisting of a tapped 
coil with adjustable tuning; these are most con-
veniently used with the circuits shown in Fig. 
5-13A and B, with the output taken from Y. A 
variable condenser of about 25-add. capacity 
may be connected between cathode and ground 
to provide fine adjustment of the frequency. The 
beat oscillator usually is coupled to the second-
detector tuned circuit through a fixed condenser 
of a few ¡add. capacity. 
The beat oscillator should be well shielded, 

to prevent coupling to any part of the receiver 
except the second detector and to prevent its 
harmonics from getting into the front end and 
being amplified along with desired signals. The 
b.f.o. power should be as low as is consistent with 
sufficient audio-frequency output on the strongest 
signals. However, if the beat-oscillator output 
is too low, strong signals will not give a propor-
tionately strong audio signal. Contrary to some 
opinion, a weak b.f.o. is never an advantage. 

• AUTOMATIC VOLUME CONTROL 

Automatic regulation of the gain of the re-
ceiver in inverse proportion to the signal strength 
is an operating convenience in 'phone reception, 
since it tends to keep the output level of the 
receiver constant regardless of input-signal 
strength. The average rectified d.c. voltage, 
developed by the received signal across a re-
sistance in a detector circuit, is used to vary the 
bias on the r.f. and i.f. amplifier tubes. Since this 

voltage is proportional to the average amplitude 
of the signal, the gain is reduced as the signal 
strength becomes greater. The control will be 
more complete as the number of stages to which 
the a.v.c. bias is applied is increased. Control of 
at least two stages is advisable. 

Circuits 

A typical circuit using a diode-triode type 
tube as a combined a.v.c. rectifier, detec-
tor and first audio amplifier is shown in Fig. 
5-16. One plate of the diode section of the 
tube is used for signal detection and the other 
for a.v.c. rectification. The a.v.c. diode plate 
is fed from the detector diode through the 
small coupling condenser, eg. A negative bias 
voltage resulting from the flow of rectified car-
rier current is developed across R4, the diode 
load resistor. This negative voltage is applied to 
the grids of the controlled stages through the 
filtering resistors, R5, R6, R7 and R5. When Si is 
closed the a.v.c. line is grounded, removing the 
a.v.c. bias from the amplifiers. 

It does not matter which of the two diode 
plates is selected for audio and which for a.v.c. 
Frequently the two plates are connected to-
gether and used as a combined detector and a.v.c. 
rectifier. This could be done in Fig. 5-16. The 
a.v.c. filter and line would connect to the junction 
of R2 and C2, while C3 and R4 would be omitted 
from the circuit. 

Delayed A. V. C. 

In Fig. 5-16 the audio-diode return is made 
directly to the cathode and the a.v.c. diode is 
returned to ground. This places bias on the a.v.c. 
diode equal to the d.c. drop through the cathode 
resistor (a volt or two) and thus delays the appli-
cation of a.v.c. voltage to the amplifier grids, 
since no rectification takes place in the a.v.c. 
diode circuit until the carrier amplitude is large 
enough to overcome the bias. Without this delay 
the a.v.c. would start working even with a very 
small signal. This is undesirable, because the 
full amplification of the receiver then could not 
be realized on weak signals. In the audio-diode 
circuit fixed bias would cause distortion, so the 
return there is directly to the cathode. 
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Time Constant 

The time constant of the resistor-condenser 
combinations in the a.v.c. circuit is an important 
part of the system. It must be high enough so 
that the modulation on the signal is completely 
filtered from the d.c. output, leaving only an 
average d.c. component which follows the rela-
tively slow carrier variations with fading. Audio-
frequency variations in the a.v.c. voltage applied 
to the amplifier grids would reduce the percentage 
of modulation on the incoming signal. But the 
time constant must not be too great or the a.v.c. 
will be unable to follow rapid fading. The ca-
pacitance and resistance values indicated in Fig. 
5-16 will give a time constant that is satisfactory 
for average reception. 

C. PV. 

A.v.c. can be used for c.w. reception but the 
circuit is more complicated. The a.v.c. voltage 
must be derived from a rectifier that is isolated 
from the beat-frequency oscillator (otherwise the 
rectified b.f.o. voltage will reduce the receiver 
gain even with no signal coming through). This 
is generally done by using a separate a.v.c. chan-
nel connected to an i.f. amplifier stage ahead of 
the second detector (and b.f.o.). If the selectivity 
ahead of the a.v.c. rectifier isn't good, strong 
adjacent signals will develop a.v.c. voltages that 
will reduce the receiver gain while listening to 
weak signals. When clear channels are available, 
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Fig.5-17 — Delayed a.v.c. is shown at A, and amplified 
and delayed a.v.c. is shown in B. I'he circuit at B gives 
excellent a.v.c. action over a wide range, with no im-
pairment of sensitivity for weak signals. For either 
circuit, typical values are: 
— 0.001 ufd. RI, R2 — 1.0 megohm. 

Ca — 100 'add. R3, R4 — Voltage divider. 

however, c.w. a.v.c. will hold the receiver output 
constant over a wide range of signal input. A.v.e. 
systems designed to work on c.w. signals must 
have fairly long time constants to work with 
slow-speed sending, and often a selection of tinte 
constants is made available. 

Amplified A.V.C. 

The a.v.c. system shown in Fig. 5-16 will not 
hold the audio output of the receiver exactly 
constant, although the variation becomes less 
as more stages are controlled by the a.v.c. voltage. 
The variation also becomes less as the delay 
voltage is increased, although there will, of 
course, be variation in output if the signal in-
tensity is below the delay-voltage level at the 
a.v.c. rectifier. In the circuit of Fig. 5-16, the 
delay voltage is set by the proper operating bias 
for the triode portion of the tube. However, 
a separate diode may be used, as shown in Fig. 
5-17A. Since such a system requires a large 
voltage at the diode, a separate i.f. stage is some-
times used to feed the delayed a.v.c. diode, as 
in Fig. 5-17B. A system like this, often called 
an "amplified a.v.c." system, gives superlative 
control action, since it maintains full receiver 
sensitivity for weak signals and substantially 
uniform audio output over a very wide range of 
signal strengths. To avoid a slight decrease in 
signal volume " on tune," the transformer cou-
pling V2 to V3 should not be selective. 

To Audio 
Amplifier 

+250 To Controlled 
Mayes 

Resistors Ra and R4 are carefully proportioned to give 
the desired delay voltage at the cathode of diode V2. 
Bleeder current of 1 or 2 ma. is ample, and hence the 
bleeder can be figured on 1000 or 500 ohms per volt. The 
delay voltage should be in the vicinity of 3 or 4 for a 
simple receiver and 10 or 20 in the case of a multitube 
high-gain affair. 
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Noise Reduction 

Types of Noise 

In addition to tube and circuit noise, much 
of the noise interference experienced in recep-
tion of high-frequency signals is caused by do-
mestic or industrial electrical equipment and by 
automobile ignition systems. The interference is 
of two types in its effects. The first is the " hiss" 
type, consisting of overlapping pulses similar 
in nature to the receiver noise. It is largely re-
duced by high selectivity in the receiver, espe-
cially for code reception. The second is the 
"pistol-shot" or " machine-gun" type, consisting 
of separated impulses of high amplitude. The 
"hiss" type of interference usually is caused by 
commutator sparking in dc. and series-wound 
a.c. motors, while the " shot" type results from 
separated spark discharges (a.c. power leaks, 
switch and key clicks, ignition sparks, and the 

like). 
The only known approach to reducing tube 

and circuit noise is through better " front-end" 
design and through more over-all selectivity. 

Impulse Noise 

Impulse noise, because of the short dura-
tion of the pulses compared with the time be-
tween them, must have high amplitude to 
contain much average energy. Hence, noise of 
this type strong enough to cause much interfer-
ence generally has an instantaneous amplitude 
much higher than that of the signal being re-
ceived. The general principles of devices intended 
to reduce such noise is to allow the desired signal 

I F 

(B) 

Fig. 5-18 — Series-valve noise-limiter circuits. A, as 
used with an infinite-impedance detector: 11, with a diode 
detector. Typical values for components are as follous: 
RI — 0.27 megolun. R4 — 20,000 to 47,000 ohms. 
It2 — 47,000 ohm«. Ct — 279 pad. 
113— 10,000 ohms. C2, C3 —  0.1 mfd. 

All other diodc-circuit constants M B are conventional. 
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to pass through the receiver unaffected, but to 
make the receiver inoperative for amplitudes 
greater than that of the signal. The greater the 
amplitude of the pulse compared with its time 
of duration, the more successful the noise re-
duction. 

Another approach is to " silence" (render in-
operative) the receiver during the short duration 
time of any individual pulse. The listener will 
not hear the " hole" because of its short dura-
tion, and very effective noise reduction is ob-
tained. Such devices are called " silencers" rather 
than " limiters." 

In passing through selective receiver circuits, 
the time duration of the impulses is increased, 
because of the Q of the circuits. Thus the more 
selectivity ahead of the noise-reducing device, 
the more difficult it becomes to secure good 
pulse-type noise suppression. 

Audio Limiting 

A considerable degree of noise reduction in 
code reception can be accomplished by am-
plitude-limiting arrangements applied to the 
audio-output circuit of a receiver. Such limiters 
also maintain the signal output nearly constant 
during fading. These output-limiter systems are 
simple, and adaptable to most receivers. How-
ever, they cannot prevent noise peaks from 
overloading previous stages. 

• SECOND-DETECTOR NOISE 
LIMITER CIRCUITS 

The circuit of Fig. 5-18 " chops" noise peaks 
at the second detector of a superhet receiver 
by means of a ffiased diode, which becomes 
nonconducting above a predetermined signal 
level. The audio output of the detector must 
pass through the diode to the grid of the am-
plifier tube. The diode normally would be non-
conducting with the connections shown were 
it not for the fact that it is given positive bias 
from a 30-volt source through the adjustable 
potentiometer, R3. Resistors R1 and R2 must 
be fairly large in value to prevent loss of audio 
signal. 
The audio signal from the detector can be 

considered to modulate the steady diode cur-
rent, and conduction will take place so long as 
the diode plate is positive with respect to the 
cathode. When the signal is sufficiently large 
to swing the cathode positive with respect to 
the plate, however, conduction ceases, and 
that portion of the signal is cut off from the 
audio amplifier. The point at which cut-off 
occurs can be selected by adjustment of k3. 

1.3• setting R3 so that the signal just passes 
through the " valve," noise pulses higher in 
amplitude than the signal will be cut off. The 
circuit of Fig. 5-18A, using an infinite-imped-
ance detector, gives a positive voltage on rectiti-
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from 
Zest I.F 

.enplifier 

cation. When the rectified voltage is negative, 
as it is from the usual diode detector, the circuit 
arrangement shown in Fig. 5-18B must be used. 
An audio signal of about ten volts is required 

for good limiting action. The limiter will work 
on either c.w. or 'phone signals, but in either 
case the potentiometer must be set at a point 
determined by the strength of the incoming 
signal. 

Second-detector noise-limiting circuits that 
automatically adjust themselves to the receiver 
carrier level are shown in Fig. 5-19. In either 
circuit, V1 is the usual diode second detector, 
RI.% is the diode load resistor, and C1 is an r.f. 
by-pass. A negative voltage proportional to the 
carrier level is developed across C2, and this volt-
age cannot change rapidly because R3 and C2 
are both large. In the circuit at A, diode V3 acts 
as a conductor for the audio signal up to the point 
where its anode is negative with respect to the 
cathode. Noise peaks that exceed the maximum 
carrier-modulation level will drive the anode 
negative instantaneously, and during this time 
the diode does not conduct. The large time con-
stant of C2R3 prevents any rapid change of the 
reference voltage. In the circuit at B, the diode 
V2 is inactive until its cathode voltage exceeds 
its anode voltage. This condition will obtain 
under noise peaks and, when it does, the diode 
V2 short-circuits the signal and no voltage is 
passed on to the audio amplifier. Diode rectifiers 
such as the 6H6 and 6AL5 can be used for these 
types of noise limiters. Neither circuit is useful 
for c.w. reception, but they are both quite ef-
fective for 'phone work. The series circuit (A) 
is slightly better than the shunt circuit. 

I.F. Noise Silencer 

In the circuit shown in Fig. 5-20, noise pulses 
are made to decrease the gain of an i.f. stage 
momentarily and thus silence the receiver for 
the duration of the pulse. Any noise voltage in 
excess of the desired signal's maximum i.f. voltage 
is taken off at the grid of the i.f. amplifier, ampli-
fied by the noise-amplifier stage, and rectified 
by the full-wave diode noise rectifier. The noise 
circuits are tuned to the i.f. The rectified noise 
voltage is applied as a pulse of negative bias to the 
No. 3 grid of the 6L7 i.f. amplifier, wholly or 
partially disabling this stage for the duration 
of the individual noise pulse, depending on the 
amplitude of the noise voltage. The noise-ampli-
fier/rectifier circuit is biased by means of the 

Fig. 5-19 — Self-adjusting series 
(A) and shunt (B) noise limiters. 
The functions of 17: and US can 
be combined in one tube like the 
6116 or 6A1.5. 
CI — 100 µµfd. 
C2, C3 — 0.05 afd. 
R: — 0.27 meg. in A; 47,000 ohms 

in B. 
112 — 0.27 meg. in A; 0.15 meg. 

in B. 
113— 1.0 megohm. 
Ra — 0.82 megohm. 
Ra — 6800 ohms. 

"threshold control," R2, so that rectification 
will not start until the noise voltage exceeds the 
desired signal amplitude. With automatic volume 
control the a.v.c. voltage can be applied to the 
grid of the noise amplifier, to augment this 
threshold bias. In a typical instance, this system 
improved the signal-to-noise ratio some 30 db. 
(power ratio of 1000) with heavy ignition inter-
ference, raising the signal-to-noise ratio from 
—10 db. without the silencer to +20 db. with 
the silencer. 

• SIGNAL-STRENGTH AND 
TUNING INDICATORS 

An indicator that will show relative signal 
strength is a useful receiver accessory. It is an 
aid in giving reports to transmitting stations, 
and it is helpful in aligning the receiver circuits, 
in conjunction with a test oscillator or other 
steady signal. 
Two types of indicators are shown in Fig. 

5-21. That at A uses an electron-ray tube, several 
types of which are available. The grid of the 
triode section usually is connected to the a.v.c. 
line. The particular type of tube used depends 
upon the voltage available for its grid; where the 

I F Trans. 

IF 
Input 

6L7 

+ 

Fig. 5-20 — 1.f. noise-silencing circuit. The plate supply 
should be 250 volts. Typical values for components are: 
C: —50 —250 µdd. (use smallest value possible without 

r.f. feed-back). 
C2 — 47 gpfd. 112 — 5000-ohm variable. 
C3 — 0.1 dd. Ra — 22,000 ohms. 
RI, Ra, Ra 0.1 meg. RFC- 20 mh. 
Ti — Full-wave diode transformer. 

Silencer 

I F Trans. 

I F. 
Output 
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a.v.c. voltage is large, a remote cut-off type 
(6G5, 6N5 or 6AD6G) should be used in prefer-
ence to the sharp cut-off type (6E5). 
The system at B uses a milliammeter in a 

bridge circuit, arranged so that the meter 
readings increase with the signal strength. The 
voltage developed by the a.v.c. circuit is 
approximately a logarithmic function of the 
signal, so if the plate current of the tube is 
proportional to the grid voltage, the meter will 
read according to a linear decibel scale and will 
not be "crowded" at some point. 
To adjust the system in Fig. 5-21B, pull the 

tube out of its socket or otherwise break the 
cathode circuit so that no plate current flows, 
and adjust the value of resistor R1 across the 
meter until the scale reading is maximum. The 
value of resistance required will depend on the 
internal resistance of the meter, and must be 
determined by trial and error (the current is 
approximately 2.5 ma.). Then replace the 
tube, allow it to warm up, turn the a.v.c. switch 
to " off" so the grid is shorted to ground, and 
adjust the 3000-ohm variable resistor for zero 
meter current. When the a.v.e. is " on," the 
meter will follow the signal variations up to 
the point where the voltage is high enough to 
cut off the meter tube's plate current. This 
will occur in the neighborhood of 15 volts with 
a 6J5 or 6SN7GT, and represents a rather 
high-amplitude signal. 
The bridge circuit, while not exactly linear, 

is quite satisfactory from a practical stand-
point. It will handle a signal range of well over 
80 db. The meter cannot be " pinned" because 

AMC. 
Line 

nieg. 

0.10 

+250 

Fig. 5-21 — Tuning-indicator or S-meter circuits for 
superheterodyne receivers. A, electroei-ra indicator; 
B. bridge circuit for a.v.c.-controlled tube. 

MA — 0-1 or 0-2 milliammeter. 
RI — See text. 

the maximum reading occurs when the tube 
plate current is driven to zero, at which point 
further increases in a.v.c. bias cause no change. 

Improving Receiver Selectivity 

• INTERMEDIATE-FREQUENCY 
AMPLIFIERS 

As mentioned earlier in this chapter, one of 
the big advantages of the superheterodyne 
receiver is the improved selectivity that is possi-
ble. This selectivity is obtained in the i.f. ampli-
fier, where the lower frequency allows more 
selectivity per stage than at the higher signal 
frequency. For 'phone reception, the limit to 
useful selectivity in the i.f. amplifier is the point 
where so many of the sidebands are cut that 
intelligibility is lost, although it is possible to 
remove completely one full set of side-bands 
without impairing the quality at all. Maximum 
receiver selectivity in 'phone reception requires 
good stability in both transmitter and receiver, 
so that they will both remain "in tune" during 
the transmission. The limit to useful selectivity 
in code work is around 100 or 200 cycles for 
hand-key speeds, but this much selectivity re-
quires good stability in both transmitter and 
receiver, and a slow receiver tuning rate for ease 
of operation. 

Single- Signal Effect 

In heterodyne c.w. reception with a super-
heterodyne receiver, the beat oscillator is set 
to give a suitable audio-frequency beat note 
when the incoming signal is converted to the 
intermediate frequency. For example, the beat 
oscillator may be set to 456 ke. (the i.f. being 
455 kc.) to give a 1000-cycle beat note. Now, 
if an interfering signal appears at 457 ke., or 
if the receiver is tuned to heterodyne the in-
coming signal to 457 ke., it will also be hetero-
dyned by the beat oscillator to produce a 1000-
cycle beat. Hence every signal can be tuned 
in at two places that will give a 1000-cycle beat 
(or any other low audio frequency). This audio-
frequency image effect can be reduced if the 
i.f. selectivity is such that the incoming signal, 
when heterodyned to 457 ke., is attenuated to 
a very low level. 
When this is done, tuning through a given 

signal will show a strong response at the de-
sired beat note on one side of zero beat only, 
instead of the two beat notes on either side of 
zero beat characteristic of less-selective recep-
tion, hence the name: single-signal reception. 
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The necessary selectivity is not obtained with 

nonregenerative amplifiers using ordinary tuned 
circuits unless a low i.f. or a large number of 
circuits is used. 

Regeneration 

Regeneration can be used to give a single-
signal effect, particularly when the i.f. is 455 Ice. 
or lower. The resonance curve of an i.f. stage at 
critical regeneration (just below the oscillating 
point) is extremely sharp, a bandwidth of 1 ice. 
at 10 times down and 5 Ice. at 100 times down 
being obtainable in one stage. The audio-fre-
quency image of a given signal thus can be re-
duced by a factor of nearly 100 for a 1000-cycle 
beat note (image 2000 cycles from resonance). 

Regeneration is easily introduced into an if. 
amplifier by providing a small amount of ca-
pacity coupling between grid and plate. Bringing 
a short length of wire, connected to the grid, 
into the vicinity of the plate lead usually will 
suffice. The feed-back may be controlled by the 
regular cathode-resistor gain control. When the 
i.f. is regenerative, it is preferable to operate the 
tube at reduced gain (high bias) and depend on 
regeneration to bring up the signal strength. This 
prevents overloading and increases selectivity. 
The higher selectivity with regeneration re-

duces the over-all response to noise generated 
in the earlier stages of the receiver, just as does 
high selectivity produced by other means, and 
therefore improves the signal-to-noise ratio. 
However, the regenerative gain varies with signal 
strength, being less on strong signals, and the 
selectivity varies. 

Crystal Filters 

Probably the simplest means for obtaining 
high selectivity is by the use of a piezoelectric 
quartz crystal as a selective filter in the i.f. 
amplifier. Compared to a good tuned circuit, 
the Q of such a crystal is extremely high. The 
crystal is ground to be resonant at the desired 
intermediate frequency. It is then used as a 
selective coupler between i.f. stages. 

Fig. 5-22 gives a typical crystal-filter reso-
nance curve. For single-signal reception, the 
audio-frequency image can be reduced by a 
factor of 1000 or more. Besides practically elim-
inating the a.f. image, the high selectivity of 
the crystal filter provides good discrimination 
against signals very close to the desired signal 
and, by reducing the band-width, reduces the 
response of the receiver to noise. 

Crystal-Filter Circuits; Phasing 

Several crystal-filter circuits are shown in 
Fig. 5-23. Those at A and B are practically 
identical in performance, although differing in 
details. The crystal is connected in a bridge 
circuit, with the secondary side of T1, the input 
transformer, balanced to ground either through 
a pair of condensers, C-C (A), or by a center-
tap on the secondary, 1.2 (B). The bridge is 
completed by the crystal and the phasing con-
denser, C2, which has a maximum capacity some-

what higher than the capacity of the crystal 
in its holder. When C2 is set to balance the 
crystal-holder capacity, the resonance curve of 
the crystal circuit is practically symmetrical; 
the crystal acts as a series-resonant circuit of 
very high Q and thus allows signals of the de-
sired frequency to be fed through C3 to Led, 
the output transformer. Without C2, the holder 
capacity (with the crystal acting as a dielectric) 
would pass undesired signals. 

In the circuit at C, the Q of the load circuit 
for the filter is adjusted by the setting of R, 
which in turn varies the bandwidth of the filter 
from " sharp" to a bandwidth suitable for 
'phone reception. This circuit or a modification 
of it is found in practically all of the better 
communications receivers these days. 
The "bandpass" crystal filter at D uses two 

crystals separated slightly in frequency to give 
a bandpass characteristic to the filter. If the 
frequencies are removed only a few hundred 
cycles from each, the characteristic is an ex-
cellent one for c.w. reception. With crystals 
about 2 Ice. apart, a good 'phone characteristic 
is obtained. 

Additional I.F. Selectivity 

Many commercial communications receivers 
do not have sufficient selectivity for amateur 
use, and their performance can be improved by 
adding additional selectivity. One popular 
method is to couple a BC-453 aircraft receiver 
(war surplus, tuning range 190 to 550 Ice.) to the 
tail end of the 465-kc. i.f. amplifier in the com-
munications receiver and use the resultant out-
put of the BC-453. The aircraft receiver uses an 
85-kc. i.f. amplifier that is quite sharp — 6.5 kc. 
wide at — 60 db. — and it helps tremendously in 
separating 'phone signals and in backing up crys-
tal filters for improved c.w. reception. (See QST, 
January, 1948, page 40.) 

.4eeeeîele,-' KILOCYCL£S 
Fig. 5-22 — Graphical representation of single-signal 
selectivity. The shaded area indicates the over-all 
bandwidth, or region in which response is obtainable. 
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If a BC-453 is not available, it is still a simple 
matter to enjoy the benefits of improved selectiv-
ity. It is only necessary to heterodyne to a lower 
frequency the 465-kc. signal existing in the re-
ceiver i.f. amplifier and then rectify it after pass-
ing it through the sharp low-frequency amplifier. 
The Ilammarlund Company and the J. W. Miller 
Company both offer 50-kc. transformers for this 
application. 
QST references on high i.f. selectivity include: 

McLaughlin, "Selectable Single Sideband," April, 
1948; Githens, "Super-Selective C.W. Receiver," 
Aug., 1948. 

• RADIO-FREQUENCY AMPLIFIERS 
While selectivity to reduce audio-frequency 

images can be built into the i.f. amplifier, dis-
crimination against radio-frequency images can 
only be obtained in circuits ahead of the first 
detector. These tuned circuits and their associ-
ated vacuum tubes are called radio-frequency 
amplifiers. For top performance of a communica-

-= +5 

(c) 

Fig. 5-23 — Crystal-filter circuits of four types. The 
first three give variable bandwidth, with C having the 
greatest range of selectivity. 

tions receiver on frequencies above 7 Mc., it is 
mandatory that it have one or two stages of r.f. 
amplification, for image rejection and improved 
sensitivity. 

Receivers with an i.f. of 455 kc. can be ex-
pected to have some r.f. image response at a 
signal frequency of 14 Mc. and higher if only 
one stage of r.f. amplification is used. (Regen-
eration in the r.f, amplifier will reduce image 
response, but regeneration usually requires fre-
quent readjustment when tuning across a band.) 
With two stages of r.f. amplification and an i.f. 
of 455 kc., no images should be apparent at 14 
Mc., but they will show up on 28 Mc. and higher. 
Three stages or more of r.f. amplification, with 
an i.f. of 455 kc., will reduce the images at 28 Mc., 
but it really takes four or more stages to do a 
good job. The better solution at 28 Mc. is to use a 
"triple-detection" superheterodyne, with one 
stage of r.f. amplification and a first i.f. of 1600 
kc. or higher. A normal receiver with an i.f. of 
455 kc. can be converted to a triple superhet by 
connecting a " converter" (to be described later) 
ahead of the receiver. 

For best selectivity, r.f. amplifiers should use 
high-Q circuits and tubes with high input and 
output resistance. Variable-g pentodes are prac-
tically always used, although triodes (neutral-
ized or otherwise connected so that they won't 
oscillate) are often used on the higher frequen-
cies because they introduce less noise. Pentodes 
are better where maximum image rejection is 
desired, because they have less loading effect on 
the circuits. 

• FEED-BACK 
Feed-back giving rise to regeneration and 

oscillation can occur in a single stage or it may 
appear as an over-all feed-back through several 
stages that are on the same frequency. To avoid 
feed-back in a single stage, the output must be 
isolated from the input in every way possible, 
with the vacuum tube furnishing the only cou-
pling between the two circuits. An oscillation 
can be obtained in an r.f. or i.f. stage if there is 
any undue capacitive or inductive coupling be-
tween output and input circuits, if there is too 
high an impedance between cathode and ground 
or screen and ground, or if there is any appre-
ciable impedance through which the grid and 
plate currents can flow in common. This means 
good shielding of coils and condensers in r.f. 
and i.f, circuits, the use of good by-pass con-
densers (mica or ceramic at r.f., paper or ceramic 
at i.f.), and returning all by-pass condensers 
(grid, cathode, plate and screen) with short 
leads to one spot on the chassis. If single-ended 
tubes are used, the screen or cathode by-pass 
condenser should be mounted across the socket, 
to serve as a shield between grid and plate pins. 
Less care is required as the frequency is lowered, 
but in high-impedance circuits, it is sometimes 
necessary to shield grid and plate leads and to be 
careful not to run them close together. 
To avoid over-all feed-back in a multistage 
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amplifier, attention must be paid to avoid run-
ning any part of the output circuit back near the 
input circuit without first filtering it carefully. 
Since the signal-carrying parts of the circuit (the 
"hot" grid and plate leads) can't be filtered, 
the best design for any multistage amplifier 
is a straight line, to keep the output as far away 
from the input as possible. For example, an r.f. 
amplifier might run along a chassis in a straight 
line, run into a mixer where the frequency is 
changed, and then the i.f. amplifier could be run 
back parallel to the r.f. amplifier, provided there 
was a very large frequency difference between the 
r.f. and the i.f. amplifiers. However, to avoid 
any possible coupling, it would be better to run 
the i.f. amplifier off at right angles to the r.f.-
amplifier line, just to be on the safe side. Good 
shielding is important in preventing over-all 
oscillation in high-gain-per-stage amplifiers, but 
it becomes less important when the stage gain 
drops to a low value. In a high-gain amplifier, 
the power leads (including the heater circuit) 
are common to all stages, and they can provide 
the over-all coupling if they aren't properly 
filtered. Good by-passing and the use of series 
isolating resistors will generally eliminate any 
possibility of coupling through the power leads. 
RI. chokes, instead of resistors, are used in the 
heater leads where necessary. 

• CROSS-MODULATION 

Since a one- or two-stage r.f. amplifier will 
have a passband measured in hundreds of ke. 
at 14 Mc. or higher, strong signals will be ampli-
fied through the r.f. amplifier even though it is 
not tuned exactly to them. If these signals are 
strong enough, their amplified magnitude may 
be measurable in volts after passing through 
several r.f. stages. If an undesired signal is strong 
enough after amplification in the r.f. stages to 
shift the operating point of a tube (by driving the 
grid into the positive region), the undesired signal 
will modulate the desired signal. This effect 
is called cross-modulation, and is often encoun-
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Fig. .5-24 — Typical radio-frequency amplifier circuit 
for a superheterodyne receiver. Representative values 
for components are as follows: 

CI, C2, Cs, C4 — 0.01 ad. below 15 Mc., 0.001 mfd. at 
30 Mc. 

RI, 112 — See Table 5-11. 
118 — 1800 ohms. 
R4 — 0.22 megohm. 
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Fig. 5-25 — Converter-circuit tracking methods. Fol-
lowing are approximate circuit values for 450- to 465-kc. 
i.f.s, us ith tuning ranges of approximately 2.15-to-1 and 
C2 having 110-umfd. maximum, and the total minimum 
capacitance, inducing C3 or C4, being 30 to 36 mad. 

Tuning Range Li Lo Cs 

1.7-4 Nle. 
3.7-7.5 Mc. 
7-15 Mc. 
14-30 Mc. 

50 ph. 
14 ph. 
3.5 ah. 
0.8 all. 

40 ah. 
12.2 ph. 
3 ah. 
0.78 ah. 

0.0013 dd. 
0.0022 ad. 
0.0015 afd. 
None used 

-tpproxintate values for 450- to 165.kr. i.f.s with a 
2.5-to-1 tuning range, CI and C. being 350-add. maxi 
mum, minimum including C3 and C4 being 40 to 50 pad 

Tuning Range Li L2 Cs 

0.5-1.5 Me. 
1.5-4 Mc. 
4-10 Nlc. 
10-25 Mc. 

240 ah. 
32 al. 
1.5 ah. 
0.8 ah. 

130 ah. 
25 ph. 
4 ah. 
0.75 ab. 

125 add. 
0.00115 afd. 
0.0028 dd. 
None used 

tered in receivers with several r.f. stages working 
at high gain. It shows up as a superimposed mod-
ulation on the signal being listened to, and often 
the effect is that a signal can be tuned in at sev-
eral points. It can be reduced or eliminated by 
greater selectivity in the antenna and r.f. stages 
(difficult to obtain), the use of variable-m tubes 
in the r.f. amplifier, reduced gain in the r.f, ampli-
fier, or reduced antenna input to the receiver. 
A receiver designed for minimum cross-modu-

lation will use as little gain as possible ahead of 
the high-selectivity stages, to hold strong un-
wanted signals below the overload point. 
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Gain Control 

To avoid cross-modulation and other over-
load effects in the first detector and r.f. stages, 
the gain of the r.f. stages is usually made ad-
justable. This is accomplished by using vari-
able-a tubes and varying the d.c. grid bias, 
either in the grid or cathode circuit. If the gain 
control is automatic, as in the case of a.v.c., 
the bias is controlled in the grid circuit Manual 
control of r.f. gain is generally done in the cathode 
circuit. A typical r.f. amplifier stage with the two 
types of gain control is shown in schematic form 

in Fig. 5-24. 

Tracking 

In a receiver with no r.f. stage, it is no incon-
venience to adjust the high-frequency oscillator 
and the mixer circuit independently, because 
the mixer tuning is broad and requires little 
attention over an amateur band. However, when 
r.f. stages are added ahead of the mixer, the r.f. 
stages and mixer will require retuning over an 
entire amateur band. Hence most receivers with 
one or more r.f. stages gang all of the tuning con-
trols to give a single-tuning-control receiver. 
Obviously there must exist a constant difference 
in frequency (the i.f.) between the oscillator and 
the mixer/r.f. circuits, and when this condition 
is achieved the circuits are said to track. 
Tracking methods for covering a wide fre-

quency range, suitable for general-coverage re-
ceivers, are shown in Fig. 5-25. The tracking 
capacity, c5, commonly consists of two eon-

densers in parallel, a fixed one of somewhat less 
capacity than the value needed and a smaller 
variable in parallel to allow for adjustment to 
the exact proper value. The trimmer, C4, is first 
set for the high-frequency end of the tuning 
range, and then the tracking condenser is set for 
the low-frequency end. The tracking capacity 
becomes larger as the percentage difference be-
tween the oscillator and signal frequencies be-
comes smaller (that is, as the signal frequency 
becomes higher). Typical circuit values are given 
in the tables under Fig. 5-25. The coils can be 
conveniently calculated with the ARRL Light-
ning Calculator and then trimmed in the circuit 

for best tracking. 
In amateur-band receivers, tracking is sim-

plified by choosing a bandspread circuit that 
gives practically straight-line-frequency tuning 
(equal frequency change for each dial division), 
and then adjusting the oscillator and mixer 
tuned circuits so that both cover the same total 
number of kilocycles. For example, if the i.f. is 
455 Ice. and the mixer circuit tunes from 7000 
to 7300 ke. between two given points on the 
dial, then the oscillator must tune from 7455 to 
7755 ke. between the same two dial readings. 
With the bandspread arrangement of Fig. 5-8A, 
the tuning will be practically straight-line-fre-
quency if C2 (banaset) is 4 times or more the 
maximum capacity of CI (bandspread), as is 
usually the case for strictly amateur-band cover-
age. C1 should be of the straight-line-capacity 
type (semicircular plates). 

Improving Receiver Sensitivity 
The sensitivity (signal-to-noise ratio) of a re- maximize sensitivity and selectivity in this circuit. 

ceiver on the higher frequencies above 20 Mc. When a receiver is satisfactory in every respect 
is dependent upon the bandwidth of the re- (stability and selectivity) except sensitivity on 
ceiver and the noise contributed by the "front 14 through 30 Mc., the best solution for the ;ma-
end" of the receiver. Neglecting the fact that tour is to add a preamplifier, a stage of r.f. am-
image rejection may be poor, a receiver with no plification designed expressly to improve the 
r.f. stage is generally satisfactory, from a sen- sensitivity. If image rejection is lacking in the 
sitivity point, in the 3.5- and 7-Mc. bands. How- receiver, some selectivity should be built into the 
ever, as the frequency is increased and the at- preamplifier (it is then called a preselector). If, 
mospheric noise becomes less, the advantage however, the receiver operation is poor on the 
of a good "front end" becomes apparent. hence higher frequencies but is satisfactory on the 
at 14 Mc. and higher it is worth while to use lower ones, a "converter" is the best solution. 
at least one stage of r.f. amplification ahead of Some commercial receivers that appear to 
the first detector for best sensitivity as well as lack sensitivity on the higher frequencies can 
image rejection. The multigrid converter tubes be improved simply by tighter coupling to the 
have very poor noise figures, and even the best antenna. Since the receiver manufacturer has 
pentodes and triodes are three or four times no way to predict the type of antenna that will 
noisier when used as mixers than they are when be used, he generally designs the input for some 

used as amplifiers, compromise value, usually around 300 or 400 
If the purpose of an r.f. amplifier is to improve - ohms in the high-frequency ranges. 1f your an-

the receiver noise figure at 14 Mc. and higher, tonna looks like something far different than 
a high-g,n pentode or triode should be used. this, the receiver effectiveness can be improved 
Among the pentodes, the best tubes are the by proper matching. This can be accomplished 
6AC7, 6AK5 and the 65G7, in the order named. by changing the antenna to the right value (as 
The 6AK5 takes the lead around 30 Mc. The determined from the receiver instruction book) 
634, 6J6, 7F8 and triode-connected 6AK5 are the or by using a simple matching device as described 
best of the triodes. For best noise figure, the later in this chapter. Overcoupling the input cir-
antenna circuit should be coupled a little heavier cuit will often improve sensitivity but it will, 
than optimum. This cannot give best selectivity of course, always reduce the image-rejection 
in the antenna circuit, so it is futile to try to contribution of the antenna circuit. 
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Commercial rei•eivers can also be "hopped up" 
by substituting a high-gm tube in the first r.f. 
stage if one isn't already there. The amateur 
must be prepared to take the consequences, 
however, since the stage may oscillate, or not 
track without some modification. A simpler 
solution is to add the "hot" r.f. stage ahead of 
the receiver. 

Regeneration 

Regeneration in the r.f. stage of a receiver 
(where only one stage exists) will often improve 
the sensitivity because the greater gain it pro-
vides serves to ma,sk more completely the first-
detector noise, and it also provides a measure of 
automatic matching to the antenna through 
tighter coupling. However, accurate ganging 
becomes a problem, because of the increased 
selectivity of the regenerative r.f. stage, and the 
receiver almost invariably becomes a two-handed-
tuning device. Regeneration should not be over-
looked as an expedient, however, and amateurs 
have used it ivith, considerable success. High-q,, 
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tubes are the best as regenerative amplifiers, 
and the feed-back should not be controlled by 
changing the operating voltages (which should 
be the same as for the tube used in a high-gain 
amplifier) but by changing the loading or the 
feed-back coupling. This is a tricky process and 
another reason why regeneration is not too widely 
used. 

Gain Control 

In a receiver front end designed for best signal-
to-noise ratio, it is advantageous in the reception 
of weak signals to eliminate the gain control 
from the first r.f. stage and allow it to run "wide 
open" all of the time. If the first stage is con-
trolled along with the i.f. (and other r.f. stages, 
if any), the signal-to-noise ratio of the receiver 
will suffer. As the gain is reduced, the g., of the 
first tube is reduced, and its noise figure becomes 
higher. A good receiver might well have two 
gain controls, one for the first radio-frequency 
stage and another for the i.f. and other r.f. 
stages. 

Extending the Tuning Range 
As mentioned earlier, when a receiver doesn't 

cover a particular frequency range, either in fact 
or in satisfactory performance, a simple solution 
is to use a converter. A converter is another 
"front end" for the receiver, and it is made to 
tune the proper range or to give the necessary 
performance. It works into the receiver at some 
frequency between 1.6 and 10 Mc. and thus 
forms with the receiver a "triple-detection" 
superhet. 

There are several different types of converters 
in vogue at the present time. The commonest 
type, since it is the oldest, uses a regular tunable 
oscillator, mixer, and r.f. stages as desired, and 
works into the receiver at a fixed frequency. 
A second type uses broad-banded r.f. stages in 
the r.f. and mixer stages of the converter, and 
only the oscillator is tuned. Since the frequency 
the converter works into is high (7 Mc. or more), 
little or no trouble with images is experienced, 
despite the broad-band r.f. stages. A third type 
of converter uses broad-banded r.f. and output 
stages and a fixed-frequency oscillator (self- or 
crystal-controlled). The tuning is done with 
the receiver the converter is connected to. This 
is an excellent system if the receiver itself is 
well shielded and has no external pick-up of its 
own. Many war-surplus receivers fall in this 
category. A fourth type of converter uses a fixed 
oscillator with ganged mixer and r.f. stages, and 
requires two-handed tuning, for the r.f. stages 
and for the receiver. The r.f. tuning is not criti-

cal, however, unless there are many stages 
The broad-banded r.f. stages have the ad-

vantage that they can be built with short leads, 
since no tuning capacitors are required and the 
unit can be tuned initially by trimming the in-
ductances. They are more prone to cross-modula-
tion than the gang-tuned r.f. stages, however, 
because of the lack of selectivity. The fourth 
type of converter is probably the most satis-
factory, particularly if a crystal-controlled high-
frequency oscillator is used. It not only has the 
advantage of the best selectivity and protection 
against images and cross-modulation, but the 
crystal gives it a stability unobtainable with self-
controlled oscillators. Amateurs who specialize 
in operation on 28 and 50 Mc. generally use good 
converters ahead of conventional communica-
tions receivers, and it pays off in better perform-
ance for the station. 

While converters can extend the operating 
range of an existing receiver, their greatest ad-
vantage probably lies in the opportunity they 
give for getting the best performance on any one 
band. By selecting the best tubes and techniques 
for any particular band, the amateur is assured 
of top receiver performance. With separate con-
verters for each of several bands, changes can 
be made in any one without disabling or impair-
ing the receiver performance on another band. 
The use of converters ahead of the low-frequency 
receiver is rapidly becoming standard practice 
on the bands above 14 Mc. 

Tuning a Receiver 
C. W. Reception 

For making code signals audible, the beat 
oscillator should be set to a frequency slightly 
different from the intermediate frequency. To 

adjust the beat-oscillator frequency, first tune 
in a moderately-weak but steady carrier with 
the beat oscillator turned off. Adjust the receiver 
tuning for maximum signal strength, as indicated 



100 CHAPTER 5 

by maximum hiss. Then turn on the beat os-
cillator and adjust its frequency (leaving the 
receiver tuning unchanged) to give a suitable 
beat note. The beat oscillator need not subse-
quently be touched, except for occasional check-
ing to make certain the frequency has not drifted 
from the initial setting. The b.f.o. may be set 
on either the high- or low-frequency side of zero 
beat. 
The best receiver condition for the reception of 

c.w. signals will have the first r.f. stage running 
at maximum gain, the following r.f., mixer and 
if. stages operating with just enough gain to 
maintain the signal-to-noise ratio, and the audio 
gain set to give comfortable headphone or speaker 
volume. The audio volume should be controlled 
by the audio gain control, not the i.f. gain con-
trol. Under the above conditions, the selectivity 
of the receiver is being used to best advantage, 
and cross-modulation is minimized. It precludes 
the use of a receiver in which the gain of the 
first r.f. stage and the i.f. stages are controlled 
simultaneously. 

Tuning with the Crystal Filter 

If the receiver is equipped with a crystal filter 
the tuning instructions in the preceding para-
graph still apply, but more care must be used 
both in the initial adjustment of the beat oscil-
lator and in tuning. The beat oscillator is set as 
described above, but with the crystal filter set at 
its sharpest position, if variable selectivity is 
available. The initial adjustment should be made 
with the phasing control in an intermediate 
position. Once adjusted, the beat oscillator should 
be left set and the receiver tuned to the other 
side of zero beat (audio-frequency image) on 
the same signal to give a beat note of the same 
tone. This beat will be considerably weaker 
than the first, and may be "phased out" almost 
completely by careful adjustment of the phasing 
control. This is the adjustment for normal oper-
ation; it will be found that one side of zero beat 
has practically disappeared, leaving maximum 
response on the other. 
An interfering signal having a beat note differ-

ing from that of the a.f. image can be similarly 
phased out, provided its frequency is not too 
near the desired signal. 
Depending upon the filter design, maximum 

selectivity may cause the dots and dashes to 
lengthen out so that they seem to "run together." 
It must be empha.sized that, to realize the bene-
fits of the crystal filter in reducing interference, 
it is necessary to do all tuning with it in the cir-
cuit. Its high selectivity often makes it difficult to 
find the desired station quickly, if the filter 
is switched in only at times when interference is 
present. 

'Phone Reception 

In reception of 'phone signals, the normal 
procedure is to set the r.f. and i.f. gain at maxi-
mum, switch on the a.v.c., and use the audio gain 
control for setting the volume. This insures maxi-
mum effectiveness of the a.v.c. system in com-

pensating for fading and maintaining constant 
audio output on either strong or weak signals. 
On occasion a strong signal close to the frequency 
of a weaker desired station may take control of 
the a.v.c., in which case the weaker station may 
disappear because of the reduced gain. In this 
case better reception may result if the a.v.c. is 
switched off, using the manual r.f. gain control 
to set the gain at a point that prevents "block-
ing" by the stronger signal. 
When receiving an AM signal on a frequency 

within 5 to 20 kc. from a single-sideband signal 
it may also be necessary to switch off the a.v.c. 
and resort to the use of manual gain control, 
unless the receiver has excellent skirt selectivity. 
No ordinary a.v.c. circuit can handle the syllabic 
bursts of energy from the SSB station. 
A crystal filter will help reduce interference in 

'phone reception. Although the high selectivity 
cuts sidebands and reduces the audio output at 
the higher audio frequencies, it is possible to use 
quite high selectivity without destroying intelligi-
bility. As in c.w. reception, it is advisable to do 
all tuning with the filter in the circuit. Variable-
selectivity filters permit a choice of selectivity to 
suit interference conditions. 
An undesired carrier close in frequency to a 

desired carrier will heterodyne with it to pro-
duce a beat note equal to the frequency differ-
ence. Such a heterodyne can be reduced by ad-
justment of the phasing control in the crystal 
filter. 
A tone control often will be of help in reducing 

the effects of high-pitched heterodynes, sideband 
splatter and noise, by cutting off the higher audio 
frequencies. This, like sideband cutting with high 
selectivity circuits, causes some reduction in 
naturalness. 

Spurious Responses 

Spurious responses can be recognized without 
a great deal of difficulty. Often it is possible to 
identify an image by the nature of the trans-
mitting station, if the frequency assignments 
applying to the frequency to which the receiver 
is tuned are known. However, an image also can 
be recognized by its behavior with tuning. If the 
signal causes a heterodyne beat note with the 
desired signal and is actually on the same fre-
quency, the beat note will not change as the re-
ceiver is tuned through the signal; but if the inter-
fering signal is an image, the beat will vary in 
pitch as the receiver is tuned. The beat oscillator 
in the receiver must be turned off for this test. 
Using a crystal filter with the beat oscillator on, 
an image will peak on the side of zero beat op-
posite that on which desired signals peak. 
Harmonic response can be recognized by the 

"tuning rate," or movement of the tuning dial 
required to give a specified change in beat note. 
Signals getting into the i.f. via high-frequency 
oscillator harmonics tune more rapidly (less dial 
movement) through a given change in beat 
note than do signals received by normal means. 
Harmonics of the beat oscillator can be rec-

ognized by the tuning rate of the beat-oscillator 
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pitch control. A smaller movement of the control shielded receivers it is often possible to find b.f.o. 
will suffice for a given change in beat note than harmonics below 2 Mc., but they should be very 
that necessary with legitimate signals. In poorly- weak at higher frequencies. 

Narrow-Band Frequency- and Phase-Modulation 
Reception 

FM Reception 

In the reception of NFM (narrow-band FM) 
by a normal AM receiver, the a.v.c. is switched 
off and the incoming signal is not tuned "on the 
nose," as indicated by maximum reading of the 
S-meter, but slightly off to one side or the other. 
This puts the carrier of the incoming signal on 
one side or the other of the i.f. selectivity charac-
teristic (see Fig. 5-1). As the frequency of the 
signal changes back and forth over a small range 
with modulation, these variations in frequency 
are translated to variations in amplitude, and the 
consequent AM is detected in the normal man-
ner. The signal is tuned in (on one side or the 
other of maximum carrier strength) until the 
audio quality appears to be best. If the audio is 
too weak, the transmitting operator should be 
advised to increase his swing slightly, and if the 
audio quality is bad ("splashy" and with serious 
distortion on volume peaks) he should be advised 
to reduce his swing. Cooperation between trans-
mitting and receiving operators is a necessity for 
best audio quality. The transmitting station 
should always be advised immediately if at any 
time his bandwidth exceeds that of an AM signal, 
since this is a violation of FCC regulations, ex-
cept in those portions of the bands where wide-
band FM is permitted. 

If the receiver has a discriminator or other 
detector designed expressly for FM reception, 
the signal is peaked on the receiver (as indicated 
by maximum S-meter reading or minimum back-

ground noise). There is also a spot on either side 
of this tuning condition where audio is recovered 
through slope detection, but the signal will not 
be as loud and the background noise will be 
higher. 

PM Reception 

Phase-modulated signals can be received in 
the same way that NFM signals are, except that 
in this case the audio output will appear to be 
lacking in "lows," because of the differences in 
the deviation-vs.-audio characteristics of the two 
systems. This can be remedied to a considerable 
degree by advancing the tone control of the re-
ceiver to the point where more nearly normal 
speech output is obtained. 
NPM signals can also be received on communi-

cations receivers by making use of the crystal 
filter, in which case there is no need for audio 
compensation. The crystal filter should be set 
to the sharpest position and the carrier should 
be tuned in on the crystal peak, not set off to one 
side. The phasing condenser should be set not 
for exact neutralization but to give a rejection 
notch at some convenient side frequency such 
as 1000 cycles off resonance. There is considerable 
attenuation of the side bands with such tuning, 
but it can readily be overcome by using addi-
tional audio gain. NFM signals received through 
the crystal filter in this fashion will have a 
"boomy" characteristic because the lower fre-
quencies are accentuated. 

Reception of Single-Sideband Signals 

Single-sideltand signals are generally trans-
mitted with little or no carrier, and it is neces-
sary to furnish the carrier at the receiver before 
proper reception can be obtained. Because little 
or no carrier is transmitted, the a.v.c. in the re-
ceiver has nothing that indicates the average 
signal level, and manual variation of the r.f. 
gain control is required. 
A single-sideband signal can be identified by 

the absence of a strong carrier and by the severe 
variation of the S-meter at a syllabic rate. When 
such a signal is encountered, it should first be 
peaked with the main tuning dial. (This centers 
the signal in the i.f. passband.) After this opera-
tion, do not touch the main tuning dial. Then set 
the r.f. gain control at a very low level and switch 
off the a.v.c. Increase the audio volume control 
to maximum, and bring up the r.f. gain control 
until the signal can be heard weakly. Switch on 
the beat oscillator, and carefully adjust the fre-
quency of the beat oscillator until proper speech 

is heard. It. there is a - light amount of carrier 
present, it is only necessary to zero-beat the beat 
oscillator \\ nit this weak carrier. It will be noticed 
that with incorrect tuning of an SSB signal, the 
speech will sound high- or low-pitched or even in-
verted (very garbled), but no trouble will be had 
in getting the correct setting once a little experi-
ence has been obtained. The use of minimum r.f. 
gain and maximum audio gain will insure that no 
distortion (overload) occurs in the receiver. It 
may require a readjustment of your tuning habits 
to tune the receiver slowly enough during the 
first few trials. 
Once the proper setting of the b.f.o. has been 

established by the procedure above, all further 
tuning should be done with the main tuning con-
trol. However, it is not unlikely that SSB stations 
will be encountered that are transmitting the 
other sideband, and to receive them will require 
shifting the b.f.o. setting to the other side of the 
receiver i.f. passband. The initial tuning pro-
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cedure is exactly the sanie as outlined above, ex-
cept that you will end up with a considerably dif-
ferent b.f.o. setting. The two b.f.°. settings should 
be noted for future reference. and all tuning of 
;3;313 signals can then be dot t it.h the main tun-

CHAPTER 5 

ing dial. After a little expel! ' ii'. it liccomes a 
simple matter to determine which way to tune 
the receiver if the receiver (or transmitter) drifts 
off to make the received signal sound low- or 
high-pitched. 

Alignment and Servicing of Superheterodyne 
Receivers 

LF. Alignment 

A calibrated signal generator or test oscillator 
is a useful device for alignment of an i.f. amplifier. 
Some means for measuring the output of the re-
ceiver is required. If the receiver has a tuning 
meter, its indications will serve. Lacking an 
S-meter, a high-resistance voltmeter or a vacuum-
tube voltmeter can be connected across the sec-
ond-detector load resistor, if the second detector 
is a diode. Alternatively, if the signal generator 
is a modulated type, an a.c. voltmeter can be 
connected across the primary of the transformer 
feeding the 'speaker, or from the plate of the last 
audio amplifier through a 0.1-µfd. blocking con-
denser to the receiver chassis. Lacking an a.c. 
voltmeter, the audio output can be judged by 
ear, although this method is not as accurate as 
the others. If the tuning meter is used as an indi-
cation, the a.v.e. of the receiver should be turned 
on, but any other indication requires that it be 
turned off. Lacking a test oscillator, a steady 
signal tuned through the input of the receiver 
(if the job is one of just touching up the if. 
amplifier) will be suitable. However, with no 
oscillator and tuning an amplifier for the first 
time, one's only recourse is to try to peak the 
i.f. transformers on "noise," a difficult task if the 
transformers are badly off resonance, as they 
are apt to be. It would be much better to spend 
a little time and haywire together a simple os-
cillator for test purposes. 

Initial alignment of a new i.f. amplifier is as 
follows: The test oscillator is set to the correct 
frequency, and its output is coupled through a 
condenser to the grid of the last i.f. amplifier 
tube. The trimmer condensers of the transformer 
feeding the second detector are then adjusted 
for maximum output, as shown by the indivating 
device being used. The oscillator output lead is 
then clipped on to the grid of the next-to-the-last 
i.f. amplifier tube, and the second-from-the-last 
transformer trimmer adjustments are peaked for 
maximum output. This process is continued, 
working back from the second detector, until all 
of the i.f. transformers have been aligned. It 
will be necessary to reduce the output of the test 
oscillator as more of the i.f. amplifier is brought 
into use. It is desirable in all cases to use the 
minimum signal that will give useful output 
readings. The i.f. transformer in the plate circuit 
of the mixer is aligned with the signal introduced 
to the grid of the mixer. Since the tuned circuit 
feeding the mixer grid may have a very low im-
puilanee at the i.f., it may be necessary to boost 
the test generator output or to disconnect the 

tuned circuit temporarily from the mixer-stage 
grid. 

If the i.f. amplifier has a crystal filter, the 
filter should first be switched out and the align-
ment carried out as above, setting the test oscil-
lator as closely as possible to the crystal fre-
quency. When this is completed, the crystal 
should be switched in and the oscillator frequency 
varied back and forth over a small range either 
side of the crystal frequency to find the exact 
frequency, as indicated by a sharp rise in output. 
Leaving the test oscillator set on the crystal 
peak, the i.f. trimmers should be realigned for 
maximum output. The necessary readjustment 
should be small. The oscillator frequency should 
be checked frequently to make sure it has not 
drifted from the crystal peak. 
A modulated signal is not of much value for 

aligning a crystal-filter i.f. amplifier, since the 
high selectivity cuts sidebands and the results 
may be inaccurate if the audio output is used as 
the tuning indication. Lacking the a.v.c. tuning 
meter, the transformers may be conveniently 
aligned by ear, using a weak unmodulated sig-
nal adjusted to the crystal peak. Switch on the 
beat oscillator, adjust to a suitable tone, and 
align the i.f. transformers for maximum audio 
output. 
An amplifier that is only slightly out of align-

ment, as a result of normal drift or aging, can 
be realigned by using any steady signal, such as 
a local broadcast station, instead of the test 
oscillator. One's 100-ke. standard makes an ex-
cellent signal source for "touching up" an i.f. 
amplifier. Allow the receiver to warm up thor-
oughly, tune in the signal, and trim the i.f. for 
maximum output. 

If you bought your receiver instead of mak-
ing it, be sure to read the instruction book care-
fully before attempting to realign the receiver. 
Most instruction books include alignment 
details, and any little special tricks that are 
peculiar to the receiver will also be described in 
detail. 

R.F. Alignment 

The objective in aligning the r.f. circuits 
of a gang-tuned receiver is to secure adequate 
tracking over each tuning range. The adjustment 
may be carried out with a test oscillator of suit-
able frequency range, with harmonics from your 
100-kc. standard or other known oscillator, or 
even on noise or such signals as may be heard. 
First set the tuning dial at the high-frequency 
end of the range in use. Then set the test oscil-
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lator to the frequency indicated by the nweiver 
dial. The test-oscillator output may be connected 
to the antenna terminals of the receiver for this 
test. Adjust the oscillator trimmer condenser 
in the receiver to give maximum response on 
the test-oscillator signal, then reset the receiver 
dial to the low-frequency end of the range. Set 
the test-oscillator frequency near the frequency 
indicated by the receiver dial and tune the test 
oscillator until its signal is heard in the receiver. 
If the frequency of the signal as indicated by the 
test-oscillator calibration is higher than that 
indicated by the receiver dial, more inductance 
(or more capacity in the tracking condenser) is 
needed in the receiver oscillator circuit; if the 
frequency is lower, less inductance (less tracking 
capacity) is required in the receiver oscillator. 
Most commercial receivers provide some means 
for varying the inductance of the coils or the 
capacity of the tracking condenser, to permit 
aligning t lw receiver tuning with the dial calibra-
tion. Set the test oscillator to the frequency indi-
cated by the receiver dial, and then adjust the 
tracking capacity or inductance of the receiver 
oscillator coil to obtain maximum response. After 
making this adjustment, recheck the high-fre-
quency end of the scale as previously described. 
It may be necessary to go back and forth between 
the ends of the range several times before the 
proper combination of inductance and capacity 
is secured. In many cases, better over-all tracking 
will result if frequencies near but not actually at 
the ends of the tuning range are selected, instead 
of taking the extreme dial settings. 

After the oscillator range is properly adjusted, 
set the receiver and test oscillator to the high-
frequency end of the range. Adjust the mixer 
trimmer condenser for maximum hiss or signal, 
then the r.f. trimmers. Reset the tuning dial 
and test oscillator to the low-frequency end of 
the range, and repeat; if the circuits are properly 
designed, no change in trimmer settings should 
be necessary. If it is necessary to increase the 
trimmer capacity in any circuit, it indicates that 
more inductance is needed; conversely, if less 
capacity resonates the circuit, less inductance is 
required. 
Tracking seldom is perfect throughout a tun-

ing range, so that a check of alignment at inter-
mediate points in the range may show it to be 
slightly off. Normally the gain variation from 
this cause will be small, however, and it will 
suffice to bring the circuits into line at both ends 
of the range. If most reception is in a particular 
part of the range, such as an amateur band, the 
circuits may be aligned for maximum perform-
ance in that region, even though the ends of the 
frequency range as a whole may be slightly out 
of alignment. 

Oscillation in R.F. or I. F. Amplifiers 

Oscillation in high-frequency amplifier and 
mixer circuits shows up as squeals or "birdies" 
as the tuning is varied, or by complete lack of 
audible output if the oscillation is strong enough 
to cause the a.v.c. system to reduce the receiver 

gain drastically. Oscillation can be caused by 
poor connections in the common ground circuits. 
Inadequate or defective by-pass condensers in 
cathode, plate and screen-grid circuits also can 
cause such oscillation. A metal tube with an un-
grounded shell may cause trouble. Improper 
screen-grid voltage, resulting from a shorted or 
too-low screen-grid series resistor, also may be 
responsible for such instability. 

Oscillation in the i.f. circuits is independent 
of high-frequency tuning, and is indicated by 
a continuous squeal that appears when the gain 
is advanced with the c.w. beat oscillator on. It 
can result from defects in i.f.-amplifier circuits 
similar to those above. Inadequate screen or 
plate by-pass capacitance is a common cause of 
such oscillation. An additional by-pass condenser 
of 0.1- to 0.25-µfd. capacitance often will remedy 
the trouble. 

Instability 

"Birdies" or a mushy hiss occurring with tun-
ing of the high-frequency oscillator may indicate 
that the oscillator is "squegging" or oscillating 
simultaneously at high and low frequencies. This 
may be caused by a defective tube, too-high 
oscillator plate or screen-grid voltage, excessive 
feed-back, or too-high grid-leak resistance. 
A varying beat note in c.w. reception indicates 

instability in either the h.f. oscillator or beat 
oscillator, usually the former. The stability of the 
beat oscillator can be checked by introducing a 
signal of intermediate frequency (from a test 
oscillator) into the i.f. amplifier; if the beat note 
is unstable, the trouble is in the beat oscillator. 
Poor connections or defective parts are the likely 
cause. Instability in the high-frequency oscillator 
may be the result of poor circuit design, loose 
connections, defective titis or circuit compo-
nents, or poor voltage regula t ion in the oscillator 
plate- and/or screen-supply circuits. Mixer pull-
ing of the oscillator circuit also will cause the 
beat note to "chirp" on strong e.w. signals be-
cause the oscillator load changes slightly. 

In 'phone reception wit h a.v.c., a peculiar 
type of instability ("motorboating') may appear 
if the h.f.-oscillator frequency is sensitive to 
changes in plate voltage. As the a.v.c. voltage 
rises the currents of the controlled tubes decrease, 
decreasing the load on the power supply and 
causing its output voltage to rise. Since this in-
creases the voltage applied to the oscillator, its 
frequency changes correspondingly, throwing the 
signal off the peak of the i.f. resonance curve and 
reducing the a.v.c. voltage, thus tending to re-
store the original conditions. The process then 
repeats itself, at a rate determined by the signal 
strength and the time constant of the power-
supply circuits. This effect is most pronounced 
with high i.f. selectivity, as when a crystal filter 
is used, and can be cured by making the oscillator 
insensitive to voltage changes or by regulating 
the plate-voltage supply. The better receivers use 
VR-type tubes to stabilize the oscillator voltage 
— a defective VII. tube will cause trouble with 
oscillator instability. 
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A One-Tube Regenerative Receiver 

The receiver shown in Figs. 5-26, 5-27, 5-28 
and 5-29 represents close to the minimum 
requirements of a useful short-wave receiver. 
Under suitable conditions, it is capable of re-
ceiving signals from many foreign countries. 
It is an excellent receiver for the beginner, 
because it is easy to build and the components 
are not expensive. 

Fig. 5-26 — The siinple one-tube regenerative recei%er is built on a 
wood-and-Presdwood chassis, with an aluminum panel. The large 
left-hand knob drives the calibrated scale on the bandspread con-
denser. The large right-hand knob is for the band-set condenser. 

From the circuit in Fig. 5-28, it can be seen 
that the only tube in the receiver is a 6SN7 
twill t riode. One sect ion is used as a re-
generative detector, the other triode 

• 

Fig. 5-27 — Another view 
of the one-tube regenera-
tive reeeiser shows how the 
tube and coil soekets are 
llllllI. line headphone 
tips plug into the two small 
tip jack,. on the rear panel 
— the set of four machine 
screws and nuts is for con-
necting to the power supply. 

section serving as an audio amplifier to the 
headphones. A variable antenna-coupling con-
denser, CI, minimizes " dead spots" in the 
tuning range that might be caused by antenna-
resonance effects. Two tuning condensers are 
used. The band-set condenser, Cb tunes to the 
desired frequency band, and the bandspread 
condenser, C2/C3, allows the operator to tune 

slowly through the band. The band-
spread condenser is a dual condenser 
made from a single midget variable, 
and on all of the amateur bands ex-
cept 3.5 Mc. only the C3 portion is 
connect ed in the circuit. The 3.5- Mc. 
coil includes a jumper that connects 
C2 on that band. Regeneration is con-
trolled by varying the plate voltage 
on the detector with R4. 
The mechanical design is made as 

simple as possible. Work on the chassis 
and the front panel can be done with 
only a No. 18 drill, a Y2-inch drill, and 
a round file. There is no complicated 
metal work or bending. To reduce the 
panel size, the knob on the band-set 
condenser overlaps the friction-driven 
tuning dial. 
The front panel is a 7 X 7-inch 

sheet of 146-inch aluminum. It carries 
the tuning controls, the regeneration 
adjustment and the antenna-coupling 
condenser shaft. The sides of the chas-
sis are soft wood strips, 7 X 2 X r; 
inches. The deck of the chassis is a 
7 X 7-inch sheet of 3.-inch Presdwood 

(or Masonite). The 6SN7 socket is supported 
on -incli-long mounting pillars, and the 5-
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Fig. 5-28 — Wiring diagram of 

C1 — Homemade adjustable con-
denser. See text. 

C2, Cs — Reworked midget variable 
(Millen 21935). See text. 

C4 — 100- rd. midget variable 
(Millen 20100). 

Cr, — 100- rd. mica. 
Cs, C7 — 470-mufd. mica. 
Cs — 12-pfd. 150-volt electrolytic. 
Co — 10-afd. 25-volt electrolytic. 

o 
— 160 V 1. 

the one-tube regenerative receiv er. 

Rt — 1.5 megoluns, watt. 
112 — 0.15 megolun, ' j watt. 
113 — 1500 ohms, watt. 
R4 — 50,000-ohm wire-wound po. 

tentiometer. 
Rs — 33,000 ohms, 1 watt. 
RFC' — 2.5-mh. r.f. choke (Na-

tional 100U). 
Ti — Interstage audio transformer 

(Stancor A-4723). 

prong coil socket is on 7A-inch pillars. The grid 
leak, RI, and grid condenser, C5, are located 
above the deck. The back panel is made of 

Presdwood and carries the binding 
posts. The binding posts are 3%-inch ti-32 ma-
chine screws with suitable nuts and washers. 
The chassis is assembled with 3%-inch No. 6 
round-head wood screws. Upon completion, 
the assembly is given a coat of flat black paint. 
The front panel is secured to the chassis side 
members with No. 6 round-head wood screws. 
The bandspread condenser, Co/C3, is made 

by modifying a Millen 21935 variable con-
denser. Using a hack-saw blade, the stator bars 
are carefully cut between the eighth and ninth 

Fig. 5-29 — This view un-
derneath the one-tube re-
generative receiver shows the 
arrangement of parts and 
the construction of the vari-
able antenna-coupling con-
denser. 

105 
plates (counting back from the 
front panel). The ninth plate is 
removed by twisting it loose 
with long-nosed pliers. C2 is the 
section nearest the panel. 

Coil sizes and data are given 
in the coil table. All coils are 
wound on 1-inch diameter 5-
pin coil forms. The coil for the 
80-meter range is close-wound 
and requires no treatment, but 
the spaced-t urns coils should be 
secured by running a little Duco 
cement across the wire at sev-
eral points. Before cementing 
the turns, each coil should be 
tried in the receiver. To obtain 
smooth regeneration, it may 
be neeessary to make minor 
changes in spacing between Li 
and L2. 
The antenna condenser, 

is made from two 1-inch squares 
of sheet copper. One plate is 

secured to the underside of the deck on a tie-
point. The other plate is carried by a5-inch 
diameter polystyrene rod. Rotating the shaft 
swings the moving plate away from the fixed 
plate and provides a capacity of from 5 to less 
than 1 ¡add. The polystyrene rod passes 
through the front panel and out the back panel. 
It is secured at the back by a VI-inch shaft 
collar. The panel end carries a tuning knob, 
and a rubber grommet under slight compres-
sion, placed between the knob and the panel, 
acts as a friction lock. The moving plate is 
secured to the polystyrene rod by a copper-
wire hairpin soldered to the plate and fixed 
into a pair of holes drilled in the rod. A flexible 
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COIL TABLE FOR THE ONE-TUBE 

REGENERATIVE RECEIVER 

All coils wound on Millen 45005 1-inch diameter 
coil forms. Both Lt and L2 should be wound in the 
same direction, with L2 closer to the pins of the 
form. The grid end of Li and the plate end of L2 
8110111,1 be on the outside ends of the coils. 

Range Li L2 Sep. 
Li-L2 

2.8 — 6 Mc. 
(80 meters) 

25 t. No. 26 
roam., 
close-wound 

4 t. No. 26 
enam., close-wound 

inch 

— 13.5 Mc. 
(40 meters) 

13.6 — 30 Mc. 
(20 and 14 
meters) 

131¡ t. No. 22 
enam., spaced 
to occupy 

inch 

14.¡ t. No. 26 
enam., close-wound vi inch 

5,4 t. No. 22 
eosin., spaced 
to occupy 
5/3 inch 

I% t. No. 26 
roam., close-wound inch 

24.5 — 40 Mc. 
(10 and 11 
met( rs) 

I t. No. 22 
cnam., 
elose-woual 

lq t. No. 26 
roam., chISI,WOUIP 

;is inch 

lead is soldered to the prot ruding wire, 
and the lead passes out through a hole 
in the side of the chassis to make con-
nection to the antenna. Knots in this 
wire, on eit her side of the chassis wall, 
secure tho wire firmly in place. The 
fixed plate is covered wit h a single 
layer of cellophane Scotch Tape, to 
prevent a short-circuit when the 
condenser is positioned at maximum 
capacity. 

All wiring is No. 14 tinned copper. 
Direct leads from the condensers to 
the coil socket, add to the strength and 
rigidity of the receiver. The r.f. choke 
RFCli by-pass condensers, and the 
audio transformer all are fastened to 
the underside of the deck. 
The power supply for the receiver, 

shown in Figs. 5-30 and 5-31, is simply 
to assemble because it is built on 't 
wooden chassis. Two strips of 1 2 X 
3%-inch wood, 12 incites long, are 
nailed to two short end pieces. The 

L, 

ig o  

Fig. 5-30 — The power supply for the regenerative receiver 

is built on a simple wooden chassis. 

180V. 

 o 
3V. 

 o 

Fig. 5-31 — Circuit diagram of the power supply for the 
regenerative receiver. 

Ch C2 — 16-afd. 450-volt electrolytic ( Mallory RS-217). 
RI — 20.000-ohm 10-watt wire-wound. 
1.1— 7-henry 50-ma, filter choke (Staneor C-1707). 

Pi — 115-volt line plug. 
Ti — 275-0-275 volts at 50 ma., 6.3 v. at 2.5 amp., 5 v. 

at 2 amp. (Thordarson T221130). 

CHAPTER 5 

separation between strips is just enough (1% 
inches) to clear the tube socket and electrolytic 
condensers, and the leads from the transformer 
and choke also pass through this opening. 
Binding posts are made in the same manner 
as on the receiver, with No. 6 machine screws 
and suitable nuts and washers. 

Although it is satisfactory to mount the 
power supply on the same table wit h the re-
oil ver, it should be at least, one or two feet 
away, to avoid the possibility of a.c. hum 
pick-up. For the same reason, the antenna 
lead should not pass too close to any a.c. 
wiring from or to the power supply. 

Using the parts listed in Fig. 5-31 should 
result in a power supply that gives about 180 
volts when connected to the receiver. However, 
if the 6SN7 in the receiver appears to run too 
hot ( as tested by touching the tube after the re-
ceiver has been running for 5 or 10 minutes), 
the output voltage can be reduced by increas-
ing the resistance at RI (Fig. 5-31). Adding 

5000 or 10,000 ohms in series with RI should 
do the trick. Or it may be possible to borrow 
a voltmeter for measuring the output voltage. 

'['he tuning procedure for a regenerative re-
ceiver is given earlier in this chapter. Even a 
short piece of wire hung inside the operating 
room will serve as an antenna, but for best re-
sults an antenna from 30 to 75 feet long, strung 
as high as possible, should be used. 

In buying headphones for use with this re-
ceiver, one should avoid the " low-impedance" 
headphones offered in many of the surplus out-
lets. While these headsets are excellent when 
used in the proper circuits, this simple receiver 
requires the use of " high-impedance" head-
phones for maximum signal output. Good, in-
expensive headphones of this type can be 
found in any radio store. 



HIGH-FREQUENCY RECEIVERS 107 

A Two-Band Five-Tube Superheterodyne 

The five-tube superheterodyne shown in Figs. 
5-32, 5-34 and 5-36 is a double-conversion receiver 
tuning the 3.5- and 7-Mc. amateur bands. It is 
not difficult to build, and it has stability and se-
lectivity not surpassed by factory-built receivers 
costing much more. 
As can be seen in Fig. 5-33, the circuit diagram, 

the receiver uses intermediate frequencies of 1700 
and 100 kc. The 1700-kc. first i.f. permits using 
an oscillator that tunes only one range for the 
two bands. Tuning the oscillator from 5.2 to 5.7 
Mc. gives an if, of 1700 kc. for the 3.5- to 4.0-Mc. 
range and the same i.f. for the 6.9- to 7.4-Mc. 
range. The oscillator components are soldered in 
place (no switching or plug-in coils) and the dial 
calibration is made once and can then be relied 
upon. To change bands, it is only necessary to 
swing the input condenser, C1, to the 80- or 40-
meter band. The 1700-kc. i.f. eliminates any 
pulling on the oscillator, in either range. 
With no r.f. stage, the receiver's signal-to-

noise ratio is determined by the mixer. The 6AC7 
is the best tube available for the purpose. To 
minimize spurious responses, two tuned circuits 
are used in the input between antenna and con-
verter grid. The stator plates of the dual con-
denser, C1, are shielded from each other, as are 
the two coils L2 and L3, and the coupling between 
circuits is obtained by the 0.001-dd. condenser. 
The 1700-kc. signal from the first converter is 

converted in the 6K8 second converter to 100 kc. 
The use of a 1600-kc. crystal for the oscillator at 
this point permits using an r.f. gain control that 
has no effect on the frequency. No frequency 
change with gain-control setting is a desirable 
characteristic of any good receiver, so the 1600-
kc. crystal at $2.75 is not a luxury. While the 
1600-kc. oscillator could be made self-controlled, 
it would be almost certain to " pull" with gain-
control changes. 
The specified 1700-kc. transformer, T1, is a 

relatively expensive item, but there can be no 
compromise at this point, because a poor trans-
former will not have enough rejection to 
avoid the secondary images (200 kc. away) 
that might otherwise ride through. 
The 100-ke. output from the 6K8 is fil-

b•red through three tuned circuits and feeds 

Fig. 5-32 — The five-tube 
double-conversion superhet - 

erodyne tunes the 3.5- and Mc. bands bands without band. 

switching. The controls on 
the left are audio volume 
(upper) and b.f.o. switch, and 
those on the right are antenna 
tuning (upper) and i.f. gain. 

a triode plate detector (M 6SN7). This detector is 
regenerative, but the regeneration is fixed and 
doesn't have to be bothered with by the operator 
unless he changes tubes and the new tube has con-
siderably different characteristics. The regenera-
tion in the 100-kc. detector gives the receiver its 
single-signal c.w. reception characteristic, since 
there aren't enough tuned circuits to give it other-
wise. The b.f.o. uses the other triode in the 6SN7 
envelope, and stray coupling is used for the b.f.o. 
injection. No panel control of b.f.o. pitch is avail-
able, because the selectivity is not adjustable and 
the variable-pitch feature is not essential. 
Up to this point the gain of the receiver is not 

too high, and two stages of audio amplification 
are used. Omitting the cathode by-pass condens-
ers still leaves more than enough audio for any 
pair of high-impedance headphones. 
By keeping the signal level low up to and 

through the selective stages, there is a minimum 
'opportunity for overloading and cross-modula-
tion, and the gain need be kept only high enough 
to prevent degrading the signal-to-noise ratio. 
Further, a regenerative stage has a tendency to 
" flatten out" with strong signals, so the regenera-
tive detector is somewhat protected by holding 
the gain down. However, the receiver has quite 
adequate sensitivity — in any normal location 
and with a fair to good antenna, any signal that 
can be heard by a large receiver can be heard by 
this one, except in rare cases where the large re-
ceiver's superior selectivity makes the difference. 

Construction 

The construction of the receiver is unconven-
tional in that two chassis are used, as shown in 
Figs. 5-32 and 5-34, and the panel is mounted 
away from the chassis. All of the electrical com-
ponents are mounted on the aluminum 7 X 11 X 
2-inch chassis, and this sits on an inverted 7 X 11 
X 2-inch steel chassis that serves as a base and 
bottom cover. The bottom chassis has rubber feet 
(grommets) at its corners that prevent its slipping 
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Fig. 5.33 — Wiring diagram 

Ct — 140- pfd.-per-section dual variable (Ilammarlund 
MCD-140-M). 

C2— 35-pfd. midget variable (Bud LC-1643 or Ham-
marlund HF-35). 

Ca — 100-ppfd. midget ariable (National PSR-100). 
R6— 1000-ohm wirewound potentiometer (Mallory 

AlMP). 
All resistors 3.-watt unless specified otherx ise. 

Li — 8 turns No. 30 d.c.c. close-wound over ground end 
of L2. 

L2, L3 — 35 turns No. 30 d.c.c. close-wound en National 
XR-50 slug-tuned form. 

oet, 

DETECTOR 

IK 

of the five-tube receiver. 
L4 — 23 turns No. 24 bare space-wound 32 turns per 

inch, 5/8-inch diam. Tickler is 1% turns spaced 
1 turn from L4. See text. (Made from B & W 
3008 Miniductor.) 

La 20-mh. (approx.) slug-tuned coil (RCA 205R1). 

Tt — 1700-kr. i.f. transformer, modified (Millen 62161). 

T2, Ta — 100-kc. transformers made from TV com-
ponents (RCA 205R1). See text. 

T4 — Small 3:1 audio transformer (Stancor A-63-C). 

RFC: — 750 ph. (National R-33). 
The 1600-ke. crystal is a Peterson Radio type Z-2. 
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Fig. 5-35 — The 1700-kc. i.f. can is modified by drilling 
two holes in the side of the can. 
On the transformer assembly proper, the old grid 

(green) and ground (black) wires are removed. On the 
tuning condenser connected to the coil nearest the tun-
ing condensers, a new plate lead is connected to the 
stator and a new B+ lead to the rotor. The old plate 
lead (blue) becomes the new grid lead, and the old 11+ 
lead (red) becomes the new ground lead by transferring 
it from the terminal to the rotor wire near the coil. 

During reassembly, the new plate and 11+ leads 
should be soldered to a length of wire that is passed 
through the shield-can hole before the entire assembly is 
completed. Otherwise it is difficult to snake out the new 
plate and B+ leads unless small flexible wire is used. 

6-32 at each end. These rods pass through holes 
in the top and lip of each chassis. The only holes 
that are required in the steel chassis are those 
for the two tie rods, the four holes for the rubber 
feet, and a 1u-inch diameter hole to clear the 
headphone jack. 

In the oscillator circuit, the 35-gpfd. tuning 
condenser, C2, is supported by a small aluminum 
bracket. The correct location of the condenser 
on the bracket can be found after the dial-and-
chassis assembly has been completed. It is im-
perative to the smooth operation of the tuning 
condenser that the shaft of the condenser be 
correctly aligned with the coupling of the dial. 
The 100-Wd. trimmer, C3, is mounted under 
the chassis with its shaft extending through to 
the top, so that the capacitor is adjustable from 
above the chassis. Neither C2 nor C3 is grounded 
to the chassis through its mounting — leads 
from the rotors are grounded to the chassis at 
one point near the 6AC7 tube socket. The 
oscillator coil, L4, is mounted by its leads on a 
small multiple tie point. 
The shield between the input coils, L2 and L3, 

is made of thin aluminum. It has a notch in the 
edge that goes against the chassis side, to clear 
the antenna-coil leads, and it has a hole through 
it for the lead between the bottoms of L2 and L3. 
The dual condenser, C1, is fastened to the 
chassis by a single 6-32 screw, and the head 
of this screw has a copper shield soldered 
to it for minimizing coupling between CIA 
and Cin. The shield is easily cut out from 
copper flashing and soldered to the screw 
head. The rotor assembly of C1 must be 

Fig. 5-34 — A top view of the 
five-tube superheterodyne 
shows how an aluminum and 
a steel chassis are combined 
for greater weight and strength. 
The 6C4 oscillator and 6AC7 
mixer are at the left, and the 
two 6SN7s are at the extreme 
right. Note the shield between 
the stator sections of the con-
denser on the left. 

Stator Lead 

Stotor 

P B+ 

— Grid-1 

Gnd. 

removed to put the shield in place, but this is just 
a matter of loosening four screws. Don't touch 
the stator plates. The screw with the shield on 
it, which holds CI to the chassis, also holds the 
coil shield in place underneath the chassis. 
The 1700-kc. i.f. transformer is mounted on its 

side because the chassis and panel sizes are such 
that the receiver can be mounted in a small cabi-
net, and mounting the transformer upright would 
prevent any such installation. To lay the trans-
former on its side, two %-inch diameter holes are 
drilled in the side of the i.f. can, opposite the coils. 
The leads from the i.f. transformer are brought 
out these holes and through corresponding holes 
in the chassis. An end plate on the transformer 
has a clearance hole for the grid lead. Fig. 5-35 
shows these modifications and how the leads are 
connected. The 1700-kc. transformer is fastened 
to the chassis with two clamps using spade bolts. 
An alternative method would be to make a 
bracket of the end plate and another bracket at 
the adjusting-screw end of the transformer. 
The 100-kc. circuits use a TV component, the 

RCA 205R1 Horizontal Oscillator coil. As pur-
chased, they have the soldering lugs and tuning 
screw out of the top of the can, but they are easily 
reversed by uncrimping the can and reversing the 
assembly. Before reassembly, however, there are 
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a few things to be done. The large coil is used for 
the 100-kc. tuned circuit by connecting a BM-
ismfd. mica condenser between Pins A and I' and 
lifting the center-tap from Pin C. Don't break the 
center-tap — the easiest way is to scrape the two 
wires first to remove the insulation, flow a drop of 
solder on the scraped portion, and then cut the 
two wires away at the pin. The other winding is 
used as the primary in 7'2 and the tickler in T3. 
The primary in T2 can be tuned from the top, be-
cause there is also an iron slug in this smaller coil. 

In wiring the set, use tie points liberally so that 
no components will be floppy. The only shielded 
wires are the one running from the volume con-
trol to Pin 1 of the audio amplifier and the leads 
from Ta to Pins 4 and 5 of the detector. The 
shields are grounded to the chassis at the ends 
and any other convenient points. 
The oscillator coil, L4, is made from B & 

Miniductor. To separate the two coils of La, push 
the 3rd or 4th turn from one end of the piece of 
Miniductor through toward the center of the coil. 
Snip this wire with a pair of cutters and push 
the two ends back out. Each end is then peeled 
around for 32 turn. The two coils are adjusted to 
the right number of turns by working in from the 
outside ends. 
The rotor of C1 is connected underneath the 

chassis to the 0.001-mfd. coupling condenser by 
running a wire from the front support of the 

rotor through a 1Y2-inch clearance hole in the chas-
sis. The 0.001-pfd. coupling condenser and L2 and 
L3 are grounded to the lug under L2. 

Adjustment 

There are two types of adjustment that must 
be made to get the receiver working: adjusting 
the circuits to the proper frequencies and adjust-
ing the oscillators and the regenerative detector 
to the proper amplitudes. To this latter end, leave 
the cathode end of R1 disconnected in the origi-
nal wiring, and lightly solder (so that it can be 
changed later) the lead from Pin 5 of the detector 
to Terminal C of T3. Resistors that may require 
changing are R2 and R3, so don't solder them too 
well at first. 
Connect a power supply to the receiver and see 

that the tubes light and that the power-supply 
voltages are approximately correct. The 250 volts 
can be anything 25 volts either side of 250, and 
the 105 volts, coming from a VR tube, will be 
nothing to worry about if the VR tube lights. A 
suggested power supply is shown in Fig. 5-37. 

Next connect a low-range milliammeter be-
tween Ri and cathode (-I lead to cathode) and 
apply power again. The grid current should read 
about 0.05 ma. (50 Mn.). If it reads much more 
than this, try a slightly larger resistor at R2, or a 
smaller one if the grid current is too low. Make 
these adjustments with the rotor arm of the r.f. 

Fig. 5-36 — A bottom view of the five-tube superheterodyne. The audio choke, Ls, is in the upper right-hand 
corner, near where the power leads leave the chassis. The 6SN 7 socket nearer the panel is the detector-b.f.o. section. 



HIGH-FREQUENCY RECEIVERS 

gain ( Oil trot at the grounded end. 
Next check the oscillation of 

the 6C4 high-frequency oscilla-
tor. To do this, connect a 0-10 
voltmeter across the 4700-ohm 
resistor in the plate circuit of the 
6C4 ( + terminal to + 105 side, 
- terminal to the 0.001-µfd. con-
denser). Observe the voltage 
reading and then touch your 
finger to the stator of C2 or C3. 
If the oscillator is working, the voltmeter reading 
will increase. If you get no change, it means 
the oscillator isn't working. With both coils of 
L4 wound in the same direction (as they will be 
if Miniductor is used), the stator of the tuning 
condenser should be connected to the outer 
end of the larger coil, and Pin 5 of the 6C4 
should be connected to the outside turn of the 
smaller coil. 

If you can borrow a serviceman's test oscillator 
that will give a modulated signal at 1700 kc., this 
signal can be introduced at the grid of the 6K8 
and the 100-kc. i.f, circuits can be peaked (b.f.o. 
turned off), listening in the headphones for maxi-
mum response. The 1700-ke. signal can then be 
transferred to the grid of the 6AC7 and the 
trimmers peaked on 7'1. Lacking the signal gen-
erator, the alternative is to provide a modulated 
signal in the 80- or 40-meter band and couple it to 
the stator of Cm. If the signal is from a crystal 
oscillator or VFO at 3750 kc. (for example), run-
ning from an unfiltered power supply to furnish 
the modulation, set the tuning dial vertical. If the 
signal is at 3500 Ice., set the tuning condenser C2 
at almost full capacity. Rock C3 slowly until the 
signal is heard. Then peak the 100-kc. transform-
ers 7'2 and T3, reducing the signal input as neces-
sary to avoid overloading. Next turn on the b.f.o. 
and adjust the slug in L5 until a beat note is 
heard. Then peak the trimmers in 7'1. 
With the initial tuning of the 100-kc. channel 

done, the slugs of L2 and L3 can be adjusted for 
maximum signal, with no antenna connected. Set 
(71 at almost full capacity, the signal near 3.5 \ le., 
and adjust the iron slugs for maximum in the 
headphones. If a VFO or crystal oscillator is fur-
nishing the signal, there will probably be enough 
pick-up without any apparent coupling, but a 
short 6-inch wire connected to the antenna termi-
nal may be required to pick up the output from 
a low-powered signal source. 

It is not likely that the 100-kc. circuits will he 
tuned to the exact frequency that makes the 
calibrations coincide on 80 and 40 meters. While 
this isn't necessary, of course, it does make the 
dial look cleaner. To bring the calibrations into 
line, beg or borrow a frequency standard that will 
give signals at 100-kc. intervals. First locate the 
4.0- and 7.0-Mc, points on the receiver dial, by 
referring the harmonics from the 100-kc. standard 
to the original signal you used for alignment. lf, 
for example, the 80-meter signal you used was at 
3650 kc., you know that the first 100-ke. harmonic 
you hear on the high-frequency side will be 3700 
Ice., and the first one on the low side will be 3600 

TI 

115V 
AC, 

s, 

8h 
75m 75ma. 

15h 

16 pt..r. 16pt 

VR-105 

325-0-325 
55ma. 

111 

+250 

+105 

1Meg 

GND. 

6.3 V.0 2 a. o 6.3 
o 

Fig. 5-37 - Suggested circuit diagram for the receiver 
power supply. 
Ti - Stancor PM .8407 or equivalent. 
Si - S.p.s.t. toggle switch. 

kc. The second harmonic of the 3650-kc, signal 
will furnish a cheek point at 7300 kc. (2 X 3650), 
so swinging C1 to about meshed (where it will 
peak the 7-Mc, signals) will allow you to locate 
the 7-Mc. points. Thus you will have 100-kc. 
intervals on the dial from 3.5 to 4.0 Mc. and from 
6.9 to 7.4 Mc., but not necessarily coinciding. To 
make them coincide, some slight retuning of the 
100-kc. transformers is required. If, for example, 
the 7.0-Mc. point occurs to the right of the 3.6-
Mc. point, the 100-kc. amplifier is tuned low, and 
the slugs should be turned out slightly. A few 
trials will bring the circuits into place. 
Now check the regeneration of the detector by 

connecting the lead from Pin 5 of the detector to 
D on Tg. If a steady beat is heard, indicating that 
the detector is oscillating, tune both circuits of 
T2 and see if they will kill the oscillation. Their 
action is to load the regenerative detector to 
where it won't oscillate - if the action persists, 
try a 4700-ohm resistor at R3 as a last resort. 
These circuits should be peaked on a modulated 
signal, with the b.f.o. turned off. 

After the detector has been made regenerative, 
the calibration can again be checked as in a pre-
ceding paragraph, and any minor changes in tun-
ing made as are found necessary. Once the 100-kc. 
circuits have been aligned they can be left alone, 
and if the 3.5- and 4.0-Mc, points don't come 
where you want them on the tuning dial, a slight 
adjustment of C3 will correct it. 
Connect a 140-aafd. variable in series between 

antenna and the antenna post. On 80 meters, 
peak C1 on a signal and rock the adjustment slug 
of L2. If it tunes fairly sharp, the antenna coupling 
is not too tight on that band. Swing C1 out until 
you are listening on 40 (to a signal) and again 
rock the slug on L2. If it tunes broad, reduce the 
capacity of the 140-µµfd. antenna condenser until 
L2 shows a definite peak. Note the settings of the 
condenser for the two bands. 
The input condenser, C1, will tune sharply on 

either band, and it should always be peaked when 
listening to a weak signal. Detuning it slightly 
will attenuate abnormally loud signals. 
The power-supply requirements for the re-

ceiver are slight: about 15 ma. at 250 volts and 
25 ma. at 105. A 60-ma, power supply will take 
care of this and the extra 10-12 ma. for a Vit-105. 
A circuit diagram with suggested values is shown 
in Fig. 5-37. 
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A Clipper/Filter for C.W. or 'Phone 
The clipper/filter shown in Fig. 5-39 is plugged 

into the receiver headphone jack and the head-
phones are plugged into the limiter, with no work 
required on the receiver. The limiter will cut 
down serious noise on 'phone or c.w. signals, it 

- 250+ 

CATHODE 
FOLLOWER 

C, 
4  

Al Input 

• DIA 

6.3V At. 

The circuit is shown in Fig. 5-38. The constants 
are not too critical, and have been adjusted for 
operation at the signal levels ordinarily available 
from the headphone jack on a receiver. The clip-
per output circuit is heavily by-passed by C6 

 • Ste 

Fig. 5-38 — Circuit diagram of the audio clipper unit. Power 
requirements are 16 ma. at 250 v. d.c., 1.2 amp. at 6.3 v. a.c. 

CI, C4, C7 — 470-mafd. mica. 
C2 — 0.04-5fd. paper. 
C3 — 0.1-mfd. paper. 
CS — 8.5fd. 450-volt electrolytic. 
Ce — O.003-fil. paper. 
Cs — 10-pfd. 27)-volt electrolytic. 
CS — 0.25-pftl. paper. 
Ri, 113 — 1 megolim, Ya' watt. 
112, Rs — 1500 ohms, Y¡  watt. 

will keep the strength of c.w. signals at a constant 
level, and it will add selectivity to your receiver 
for c.w. reception. It will do much to relieve the 
operating fatigue caused by long hours of listen-
ing to static crashes, key clicks encountered on 
the air and wit h break-in operation. and the like. 

CATHODE 
FOLLOWER 

6%7 

JI 

R4 — 10,000 ohms, watt. 
RS — 22,000 ohms, watt. 
Re — 47,000 ohms, 1 watt. 
R7 — 33,000 ohms, 1/2 watt. 
Rs — 1-megolun volume control. 
Li — 250-mh. choke ( Millen 34400-250). 
.11 — 'Phone jack, single circuit. 
Si — 2-circuit 3-position switch. 

to reduce the amplitude of the harmonics gen-
erated in the clipping process, and additional by-
passing by Cg, across the headset, is used for the 
same purpose. Cathode-follower input and output 
circuits allow the unit to be used with any re-
ceiver output and any headphones, and they also 

Fig. 5-39 — The audio clipper 
unit includes input and out-
put amplifiers of the cathode-
follower type, a dual-triode 
clipper circuit, and a selective 
audio system. It is built in 
a small utility box, with a 
cable for power-supply con-
nections and a cord and plug 
to pick up audio from the re-
ceiver's headphone jack. 

• 
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Fig. 5-40 — Inside view of the 
clipper unit. The gain con-
trol, switch, headphone jack, 
and the larger fixed con-
densers are mounted on the 
walls of the box. The two 
tubes and the selective audio 
circuit are mounted on the 
remos able panel. The selec-
tive circuit, consisting of the 
choke coil and two tubular 
condensers, occupies the tip-
per half of the panel in titis 
iew. The socket at the left is 

for the input anti output am-
plifiers; the right-hand socket 
is for the double-triode clip-
per. 

contribute to the effectiveness of the audio filter, 
L1C2C3. A three-position switch, Si, is provided 
so that the unit can be cut out entirely, used with 
straight limiting and no selectivity, or with both 
sehtetivity and limiting. The " off " position is 
useful principally to convince the skeptical, and 
the limiting without selectivity is useful for im-
pulse noise, when encountered. High selectivity 
and good noise suppression do not go hand in 
hand. 
The unit, shown in Figs. 5-39 and 5-40, is built 

on one panel and the sides of a 3 by 4 by 5 utility 
box. The parts on the panel and the box proper 
are connected through cabled leads made long 
enough so the panel can be swung out as shown. 
Any type of construction can be used, since there 
is nothing critical in the layout. One precaution 
to observe is to use a shiehitd lead bet ween the 
" hot," input terminal and the switch, to prevent 
possible stray coupling between the input and 
later high-impedance circuits because of the 
cabled leads. 
The selective audio circuit chosen gives a type 

of frequency-response curve that is quite useful. 
The peak at 800 cycles is broad enough to avoid 
tuning difficulties, even when used in conjunction 
with the crystal filter in the receiver. Neverthe-
less, the response drops off rapidly enough, par-
ticularly on the high-frequency side, to make a 
marked difference in respect to the " capturing" 
of the limiter by strong off-resonance signals. 
There is a " notch" at 1700 cycles. 
There is a wide latitude in choice of inductances 

for LI. The Millen coil listed under Fig. 5-38 was 
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the best of available low-priced units tried, in 
terms of sharpness of the response curve and the 
depth of the rejection notch. Some of the small 
filter chokes such as the Stancor C-1515 and 
Thordarson T20053 also work relnestably well. 
The former will resonate at approximately the 
same frequencies as given above with 330 mad. 
at C2 and 470 mad. at C3; the hitter choke re-
quires 0.001 dd. at C2 and 0.002 pfd. at C3. With 
any coil the values of capacitance required to 
place the peak and notch at frequencies that best 
fit one's taste in beat nines can easily and quickly 
be determined by simple cut-and-try. Other types 
of selective audio circuits can, of course, also be 
substituted. 

In use, the receiver' gain controls should be 
set so that only the stronger signals are clipped; 
too-deep clipping will make the receiver sound as 
though practically every signal overloads it. Once 
the proper settings for clipping level are deter-
mined, the actual audio volume is adjusted by the 
gain control an the unit. A little juggling back and 
forth between the receiver controls and the out-
put control in the clipper unit will eventually 
result in the receiver's sounding very much like 
it does without the clipper present. The difference 
is that the signals and noise, including one's own 
transmitter signal, don't rise above the level set 
as a ceiling. 
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The "Selectoject" 
The Selectoject is a receiver adjunct that can 

be used as a sharp amplifier or as a single-fre-
quency rejection filter. The frequency of opera-
tion may be set to any point in the audio range 
by turning a single knob. The degree of selectivity 
(or depth of the null) is continuously adjustable 
and is independent of tuning. In 'phone work, the 
rejection notch can be used to reduce or eliminate 
a heterodyne. In c.w. reception, interfering sig-
nals may be rejected or, alternat ivlv, 11 t desired 
signal may be picked out and amplified. The 
Selectoject may also be operated as a low-distor-
tion variable-frequency audio oscillator suitable 
for amplifier frequency-response measurements, 
modulation tests, and the like, by advancing the 
"selectivity" control far enough in the selective-
amplifier condition. The Selectoject is connected 
in a receiver between the detector and the first 
audio stage. Its power requirements are 4 ma. at 
150 volts and 6.3 volts at 0.6 ampere. For proper 
operation, the 150 volts should be obtained from 
across a VR-150 or from a supply with an output 
capacity of at least 20 dd. 
The wiring diagram of the Selectoject is shown 

in Fig. 5-41. Resistors R2 and R3, and R4 and R5, 
can be within 10 per cent of the nominal value but 

R9 
4150 

2 

A F 

+1.50V (regulated) 
A.F INPUT 

12AX 7 

A.F.OUTPUT 

PHASE SHIFTER 
I2Ax7 

2 

 n's  

AMP 
V212AX7 

RI, 

Fig. 5-41 — Complete schematic 

— 0.01-pfd. mica, 400 volts. 
C2, Ca — 0.1-pfd. paper, 200 volts. 
C4, CS — 0.002-pfd. paper, 400 solts. 
Cs — 0.05-pfd. paper, 400 volts. 
Cs — 16-pfd. 150-volt electrolytic. 
— 0.0002-ad. mica. 

RI — 1 megohm, Yo watt. 
R2, RS — 1000 ohms, I watt, matched as closely as 

possible (see text). 
R4, 112 2000 ohms, 1 watt, matched as closely as 

possible (see text). 

they should be as close to each other as possible. 
An ohmmeter is quite satisfactory for doing the 
matching. One-watt resistors are used because 
the larger ratings are usually more stable over a 
long period of time. 

If the station receiver has an " accessory 
socket" on it, the cable of the Selectoject can be 
made up to match the connections to the socket, 
and the numbers will not necessarily match those 
shown in Fig. 5-41. The lead between the second 
detector and the receiver gain control should be 
broken and run in shielded leads to the two pins 
of the socket corresponding to those on the plug 
marked " A.F. Input" and " A.F. Output." If the 
receiver has a VR-150 included in it for voltage 
stabilization there will be no problem in getting 
the plate voltage — otherwise a suitable voltage 
divider should be incorporated in the receiver, 
with a 20- to 40-pfd. electrolytic condenser con-
nected from the + 150-volt tap to ground. 

In operation, overload of the receiver or the 
Selectoject should be avoided, or all of the pos-
sible selectivity may not be realized. 
The Selectoject is useful as a means for obtain-

ing much of the performance of a crystal filter 
from a receiver lacking a filter. 

7 
A F 
OUTPUT 

IC3 cV 

POSITION I = 
Selective Amplifier 
and Oscillator 
POSITION 2= 

Rejection Filter 

of Selectojeet using 12A X7 tubes. 

Rs — 20,000 ohms, Mt watt. 
R7 — 2000 ohms, watt. 
Rs — 10,000 ohms, 1 watt. 
RS — 6000 ohms, IA  watt. 
Rio — 20,000 ohms, 1/2 watt. 
Ru i — 0.5-megohm !.-watt potentiometer (selectivity). 

Ris — Ganged 5-megohm potentiometers, standard 
audio taper (tuning control). 

R14-0.12 megohm, watt. 
Si, 52 — D.p.d.t. toggle (can be ganged). 
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A Bandswitching Preselector for 14 to 30 Mc. 
The performance of many receivers begins 

to drop off at 14 and 30 Mc. The signal-to-
noise ratio is reduced, and trouble with r.f.-
image signals becomes apparent. The preselec-
tor shown in Figs. 5-42 and 5-44 can be added 
ahead of any receiver without making any 
changes within the receiver, and a self-con-
tained power supply eliminates the problem 
of furnishing heater and plate power. 

As can be seen from the wiring diagram, Fig. 
5-43, a 6AK5 r.f. pentode is used in the pre-
selector. Both the grid and plate circuits are 
tuned, but the tuning condensers are ganged 
and only one control is required. The gain 
through the amplifier is controlled by changing 
the cathode voltage, through R3. A selenium 
rectifier is used to supply plate power, and the 
heater power comes from a step-down trans-
former. The chassis is at r.f. ground but the 
d.c. circuit is isolated, to prevent short-
circuiting the a.c. line through external con-
nections to the preselector. 
A two-section ceramic switch selects either 

the 14- to 21-Mc, or the 28- Mc. coil, or the 
antenna can be fed through directly to the re-
ceiver input. When operating in an amateur 
band between 14 and 30 Mc., switching to the 
band not in use will attenuate one's own signal 
sufficiently to permit direct monitoring, in 
most cases. 
As shown in Fig. 5-42, the ganged condensers 

are controlled from the front panel by a 
National MCN dial, and a small knob to the 
right of this dial is connected to the antenna 
trimmer, C4, for peaking the tuning with 
various antennas. The a.c. line is controlled 
by S2, a toggle switch mounted on the panel. 
The preselector is built on a 3 X 5 X 10-

inch chassis, and a 6 X 6-inch plate of thin 
metal is used for a panel. A 14 X 3-inch 
aluminum bracket mounted about 3M inches 
behind the front panel supports the tuning 

Fig. 5.42 — A handswitch-
ing preselector for 14 and 
28 Mc. A single 6K5 ampli-
fier is used, and the power 
supply is included in the unit. 
The antenna-trimming con-
denser is mounted on the small 
aluminum partition. 

• 
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condenser, Ca, and the antenna trimmer, C4. 

Millen 39005 flexible couplings are required 
to handle the offset shaft of Both C5 and 
Cg are mounted on the chassis with 6-32 
screws, but the chassis should be scraped free 
of paint before installation, to insure good 
contact. 
The shield partition between the two switch 

sections ( Fig. 5-44) straddles the tube socket 
and shields the grid from the plate circuit. 
The switched ends of all coils are supported by 
their respective switch points, and the other 
ends are soldered to tie points mounted on the 

COIL TABLE FOR THE PRESELECTOFt 

5 t. No. 24, %-inch diameter 
(B & W 3012) 

L2 5 t. No. 24, 1-inch diameter 
(B & W 3016) 

L3 6 t. No. 24, %-inch diameter 
(B & W 3012) 

L4 7 t. No. 20, 1-inch diameter 
(B & W 3014) 

L5 71 t. No. 20, 3%-inch diameter 
(B & W 3010) 

Lg 3 t. No. 24, 1-inch diameter 
(B & W 3015) 

11 t. No. 24 d.c.c., close-wound, 
-inch diameter 

L8 4 t. No. 28 d.c.c., close-wound, 
q-inch diameter 

LT and Le are wound adjacent on a 34-inch ulianue-
te.r polystyrene form (National PRD-2) 

L7 

chassis. The mica trimmers, Cg and C10, are 
supported on short lengths of stiff wire, and a 
hole in the side of the chassis is required to 
reach C10 with an aligning tool. 
The power-supply components are mounted 

as near the rear of the chassis as possible. The 
selenium rectifier must be insulated from the 
chassis. 
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RG-59/U 

II5V 

A SI8 

s2 R 

PIn 3 

(of 6AK5) 

 Pin 4 

6AK5 

CI. C2 — 10-Mearti. mica. 
( 3. C5, C7, :1h C12 — 680-ggfd. mica. 
1•1 ggfil.  Iget variable ( Millen 20015). 
1:r,. — 7,11-ggfd midget variable ( N1illen 19050). 
Cs, Cis — 3- to 30-ggfd. mica trimmer. 
:13, C15 — 0.0 I.ufd. paper, 400 volts. 
— Dual 10-51d. 150-volt electrolytic. 

, 27,000 ohms. 
112 — 330 ohms. 
Ra — 5000-ohm wire-wound potentiometer. 

The coils are made from B & W " Miniduc-
tors," as shown in the coil table, with the ex-
ception of one plate and coupling coil which are 
wound on a polystyrene form. The ground 
returns for the cathode and plate by-pass con-
densers are made to a common terminal, a 
soldering lug under one of the mounting screws 
for Cg. 
When the wiring has been completed and 

checked, the antenna is connected to J1 and a 
cable from J2 is run to the receiver input. Tune 
the receiver to the 14-Mc, band and set S1 to 
the proper point. Then turn the main tuning 
dial until the noise or signal increases to a maxi-
mum. This should occur with C5 and Cg set at 
close to maximum capacity. Then peak the 
noise by adjusting C10 and C4. 
The 28eMe. range is adjusted in the same 

S,0 RI-59/u 

Fig. 5-43 — Wiring diagram of 
the bandswitching preselector. 

rt, - 4700 ohms. 
— 18,000 ohms, 2 watts. 

lle, 117 — 470 ohms. 
1.1-Ls — See coil table. 
Ls — 20-henry 30-ma, filter choke. 

.12 — Coaleial-cable jack (Jones S-101). 
Si — 2-gang 2-circuit 5-position ceramic (Mallory 177C). 
S2 — S.p.s.t. toggle. 
Sli — 50 ma, selenium rectifier. 
— 6.3-volt transformer. 

way, with the exception that Cg is touched up. 
It may be found necessary to touch up C.1 when 
different antennas are used. The preselector 
may oscillate with no antenna connected, but 
with any type of wire or feed line the operation 
of the amplifier should ordinarily be perfectly 
stable. 

As shown, the preselector is intended for 
use with coaxial-line feed to the antenna and 
to the receiver. If a balanced two-wire line is 
used from the antenna, it is recommended 
that a suitable two-wire connector be substi-
tuted for J1. The grounded sides of Li and L2 
should be disconnected from ground and re-
turned to one side of the connector. The output 
connector can be left as shown, since at the 
lower frequencies the proper antenna connec-
tion isn't so important. 

Fig. 5-44 — A view under-
neath the chassis of the hand. 
switching preselector, showing 
the 4ield partition between 
switch ... lions and the sele-
nium rectifier and associated 
filter. 
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An Antenna-Coupling Unit for Receiving 
It will often be found advantageous on the 

14- and 28- Mc, bands to tune (or match) the 
receiving-antenna feed line to the receiver, in 
order to get the most out of the antenna. One 
way to do this is to use, in reverse, any of the 
line-coupling devices advocated for use with a 
transmitter. Naturally the components can 
be small, because the power involved is negligi-

Antenna C, j S C, Receiver 

Fig. 5-45 — Circuit diagram of the coupling unit. 

Ci — 140-mad. midget variable ( Millen 2214(t). 
C2— 100-aafd. midget variable (Millen 22100). 
Li, L2-25 turns No. 26 cl.c.c. space.wo 1 to occupy 

1 inch on 1-inch diameter form (Millen 45000), 
tapped at 2, 5, 8, 12 and 18 turns. 

Si — 2-circuit 5-position single-section ceramic wafer 
switch (Mallory I73C). 

bic, and small receiving condensers and coils 
are quite satisfactory. Some provision for 
adjustable coupling is recommended, as in the 
transmitting case, because the signal-to-noise 
ratio at 14 and 28 Mc. is dependent, to a large 
extent, on the degree of coupling to the antenna 
system. The tuning unit can be built on a small 
chassis located near the receiver, or it can be 
mounted on the wall and a piece of RG-59/(1 
run from the unit to the receiver input, in the 
manner of a link line in transmitting practice. 
For ease in changing bands, the coils can be 
switched or plugged into a suitable stt,•1:t.t. 
Adjustable coupling not only of-
fers an opportunity to adjust for 
best signal-to-noise ratio, but the 
coupling can be decreased when a 
strong local signal is on the air, to 
eliminate " blocking" and cross-
modulation effects in the receiver. 

Fig. 5-46 — A compact 
coupling network for 
matching a balanced line 
to the receher on 14 and 
28 Mr. 
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One convenient type of antenna-coupling 
unit for receivers uses the familiar pi-sec-
tion filter circuit, and can be used to match 
a wide range of antenna impedances. The 
diagram of a compact unit of this type is 
shown in Fig. 5-•15. Through proper selection 
of condensers and inductances, a match can 
be obi ained over a wide range of values. The 
device can be placed close to the receiver and 
kit connected all of t he time, since it will have 
lit tle or no effect on the lower frequencies. A 
short length of 300-ohm Twin-Lead is conven-
ient for connecting the antenna coupler to the 
receiver. 
The antenna coupler is built in a 5 X 7 X 2-

inch metal chassis. All of the components ex-
cept the two coils are mounted on the front and 
rear faces. The condensers are mounted off the 
panel by the spacers furnished with the con-
densers, and a clearance hole for the shaft 
prevents any short-circuit to the panel. The 
coils, wound on Millen 45000 phenolic forms, are 
fastened to the chassis with brass screws, and the 
coils should be wound on the forms as far away 
as possible from the mounting end. The switch 
should be wired so that the switching sequence 
puts in, in each coil, 2 turns, 5 turns, 8 turns, 12 
turns, 18 and 25 turns. 
The unit is adjusted for maximum signal by 

switching to different coil positions and adjust-
ing CI and C2. It will not be necessary to retrim 
the condensers except when going from one 
end of a band to the other, and when the unit 
is not in use, as on 7 and 3.5 Mc., the coils 
should be set at the minimum number of turns 
and the condensers set at minimum. The small 
remetances remaining have a negligible effect. 
Tip • ,• ttil in the grounded side should be shorted 

t:txial-line feed is used. 
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Receiver Matching to Tuned Lines 

The pi-section coupler shown in Figs. 5-45 
and 5-46 can be used in many instances for 
matching a balanced open-wire line to the 
receiver, and it can be used wit h an unbalanced 
line by short-circuiting the inductance in 
the grounded side of the unbalanced line. 
However, there are many applications where 
another type of coupler is slightly more ad-
vantageous, as when an all-band antenna sys-
tem with tuned feeders is used, or where a 
wide range of line impedances may be en-

Fig. 5-17 — A small tuned coupler for matching the 
reten er to a  41 line. The unit is made either series. 
or parallel-tuned by the posit•  of the antenna con-
nect  block. 

countertid. This other type of coupler, shown 
in Figs. 5-47, 5-48 and 5-49, is simply a scalcd 
down transmitter coupler, with provision for 
either series or parallel tuning. The change 
front ri to parallel tuning is made simply 
liy t he His Tiller in which t he antenna connec-
tion plate is plugged into the unit. 

As can be seen in the wiring diagram, Fig. 
5-48, when the antenna vonneetion ¡ dale is 
plugged in so t hat all four emit lit s are engaged, 
I he two vondensers are conneried across t he 
coil in series, to give parallel tuning. When 
the plate is dropped down, so that only the 
an plugs engage at A and B, the unit is 
connected for series tuning. Small low-power 
transmitting coils with swinging links are 
used. 
The unit is built in a 4 X 4 X 2-inch box, 

with the coil socket mounted on one 2 X 4-
inch side. One of the 4 X 4-inch side plates is 
replaced by a sheet of polystyrene or other in-
sulating material, on which are mounted four 
banana jacks. A similar but smaller piece of in-
sulating material is drilled at the same time 

Antenna. 
Connection 

Block 

TO 4ntenii 1 
or Relay 

A 300-ohm 
line to 
receiver 

Fig. 5-48 — Circuit of the tuned antenna coupler. 
(:2 — 100-aafd. midget variable ( \linen 2210(t). 

1.1— Coil to tune to band in use, with swinging link 
(National AR-1(1). 

to take four banana plugs. A pair of clearance 
holes must be added to the larger plate to clear 
t wo of the plugs when the series connection is 
used. 
The two condensers are mounted in the 

box and ganged with an insulated shaft cou-
pling. The remaining 4 X 4-inch side plate 
is drilled and filed to form an oval hole that. 
will pass the 300-ohm line from the coupler 
to t he receiver. A rubber grommet should be 
fitted in t he hole to protect the line from 
the metal and to provide a lit t le clearance. 

In operation, the coupler is used in exactly 
the salue way t hat one is used with a trans-
mitter. Some experimenting is necessary to 
determine whether series or paralh•1 tuning 
should be used on the various bands, and it. 
may be necessary to use the coil from t he next 
lower-frequency band if series tuning is in-
dicated, or to remove a few t urns from a coil 
if parallel tuning is required. In any event., 
the t timer should t une fairly sharply and give 
a definite " peak" to the incoming signals. 
When t his condition has been found on any 
one band, the coupling can then be adjusted 
for maximum response to the signals, by ad-
justing the position of the link winding within 

Lt. 

Fig. 549 — \ .1 her iew of the tuned antenna coupler. 
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A One-Tube Converter 

The 10- and 11-meter converter shown in Figs. 
5-50 and 5-52 is a simple unit that can be built 
in a few hours, for a cost of less than fourteen 
dollars. The converter uses a fixed-tune i.f. and 
tunable input and oscillator circuits, in preference 
to a fixed-frequency oscillator and a tunable out-
put circuit. With a one-tube converter of the 
latter type, it is almost impossible to avoid pick-
ing up at least a few signals in the tuning range 
of the receiver. Using a tunable oscillator and a 
fixed-frequency output circuit permits one to 
select an i.f. free from interference. The plate-
current demand is only 5 ma., and it is usually 
possible to operate the converter from the re-
ceiver power supply. 

As can be seen in Fig. 5-51, the Hartley circuit 
is used in the oscillator portion of the 6BA7 
pentagrid converter. A padding condenser, C2, is 
switched in through S1 to change the range for 
11-meter operation. Condenser C4 is used for 
tuning, and the input circuit is tuned to either 
range with C1. The screen grid of the 6I3A7 is 
operated at about 65 volts, since higher voltages 
will increase the total tube current without any 
marked improvement in performance. However, 
since the available supply voltage will vary with 
different receivers, the value of the screen drop-
ping resistor, /?2, cannof be specified, and it must 
be calculated, as described later. 
There is a good reason for not using an antenna 

switch for straight-through operation of the con-
verter. With practically any available switch it is 
very difficult to prevent capacity coupling be-
tween the input, and output circuits of the con-
verter. Any such capacity coupling increases the 
problem of eliminating interference at the i.f. By 
equipping the converter and the receiver with 
identical input terminals and using similar plugs 
on both the antenna feed line and the converter 
output cable, antenna changeover is no problem. 
The metal partition separating L2 and L3, shown 
in Fig. 5-52, reduces the effect of oscillator har-
monies beating with high-frequency (FM) broad-
cast stations. 

Construction 

The converter is built on a 5 by 7 by 2-inch 
aluminum chassis, and a 6 by 7-inch panel is held 
in place by the components mounted on the front 
wall of tiw chassis. The main tuning dial is a 
National type MCN. 

It can be seen in Fig. 5-50 that the oscillator 
tuning condenser. C4, is mounted on 3.-inch 

Fig. 5-50 — A one-tube converter for 
extending the tuning range of a re-
ceiver to 10 and 11 meters.'1'he crys-
tal socket on the back of the chassis 
receives the antenna plug (Millen 
37412). 

for 10 and 11 Meters 
metal pillars. A National type GS-10 stand-off 
insulator is located at the front-right-hand side of 
C4, and a soldering lug at the top end of this 
insulator is soldered to the stator terminal lug of 
the condenser. This added support for the tuning 
condenser improves oscillator stability, by pre-
venting rocking of C4 as the control shaft is 
turned. A feed-through bushing at the other front 
terminal of the condenser is used to support and 
insulate the lead passing through the chassis to 
the coil below. The padder condensers for the 
oscillator circuit, C3 and Cs, are mounted on the 
rear terminal lugs of the tuning condenser. 
The grid coil, L2, is mounted on the terminal 

lugs of the input tuning condenser, C1. The an-
tenna coil, LI, should be wound around L2 before 
the larger coil is soldered in place. The tube 
socket, to the rear of CIL2, is mounted with pins 
No. 1 and 7 facing toward the rear of the chassis. 
The aluminum shield between the input and the 
oscillator coils has a 3/8-inch lip bent over along 
one edge, for fastening to the chassis. The shield 
is slotted to clear the cathode-tap lead. 
The screen and decoupling resistors, R2 and 

R3, respectively, are supported at the power-
supply ends by a tie-point strip which is held in 
place by the same screw that anchors the solder-
ing lug for L3. If the receiver supply voltage is 
known at this time, it is possible to calculate the 
correct value for the screen-dropping resistor, 
and the resistor can be mounted on the tie-
point strip. The resistor value is obtained from 
the equation 

supply voltage — 65 
R (ohms) — 0.0046 

Example: Supply voltage 260; the resistor value is 
260 — 65 42,391 ohms. Anything within 20% 
0.0046 of this figure would be satisfactory. 

The coaxial output cable is terminated at the 
chassis end at a tie-point strip located at the left 
end of the chassis. 
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Ant. 

27 to 30Cc. 24 to 27 Mc. 

Fig. 5-51 — Circuit diagram of the 
Ci — 15-ifflfd. variable ( Millen 20015). 
C2, CS — 3-30-add. mica trimmer. 
C4 — 25-551d. variable ( Millen 19050 with 2 stator and 

2 rotor plates removed). 
Ca — 68-upfd. silver mica. 
Cs — 47-pgfd. ceramic. 
C7, Co — 0.01-mfd. dise ceramic. 
Cg 82-pfd. mica. 
Ri — 22,000 ohms, !,(2 watt. 
R2 — Screen resistor: see text. 
RS — MO ohms, 3/2  watt. 
Li — 3 turns No. 24 d.s.c., space wound around L2. 

It is important that the link from the converter 
to the receiver be well shielded, to avoid picking 
up any signals directly in the receiver. A length 
of lid-58,11.7 or RG-59/(3 can be used and, if 
necessary, a small shield should be mounted 
over the antenna binding post of the receiver. 
However, it is usually possible to set the receiver 
somewhere near 3 Me.. that will be free from even 
the weakest straight -t hrough interference. 

If no communications receiver is available, a 
war-surplus BC-454 aircraft receiver (tuning 
range of 3 to 6 Mc.) makes an inexpensive re-
ceiver for use with this converter. 

Testing 

Power for the converter can be obtained from a 
separate supply, but it is usually more convenient 
to " steal" the power from the receiver. The con-
verter requires 6.3 volts at 0.3 ampere for the 
heater and 200 to 250 volts (I.e. at 5 to 6 ma. for 
the plate and screen. 

After the power supply has been connected, it 
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3 Mc 

low-cost 10- and 11-meter converter. 
1.2— 13 turns No. 20 tinned, ,544-inch diam., ,3is-inch 

long (11 & W 3007). 
La— 6 turns No. 18 tinned, ;l¡-inch diam., °%-inch long, 

cathode tap 1% turns from ground end (B & W 
3002). 

1,4 — Slug-tuned plate coil (CTC 1.53 — 5 MC.). 
15 — 10 turns No. 24 d.s.c. scramble wound at cold 

end of 1.4. 
Ji — Panel-mounting male socket (Amphenol 86-CP4) 
— 300-ohm Twin-Lead plug (Millen 37412). 

Si, 52 — S.p.s.t. toggle switch. 

is advisable to check the screen and plate volt-
ages with a voltmeter. It may be necessary to 
change the value of R2 if the screen voltage isn't 
in the recommended range of 60 to 70. 

If your transmitter uses VFO, set the VFO 
to have a harmonic fall at 28 Mc., and tune the 
receiver to 3 Mc. If you have crystal control, 
turn on the oscillator and set the receiver to the 
crystal's 28-Me, harmonic minus 25 Mc. If, for 
example, your crystal has a harmonic at 28,650 
ke., set the receiver to 3650 ke. Set the tuning 
condenser, C4, to where you want the test fre-
queney (transmitter-oscillator harmonic) to ap-
pear on the dial, and tune it in by adjusting C3. 
If the signal is too loud, remove any test antenna 
from the converter. With a reasonable signal, 
check the tuning of the input eircuit, CIL2, and - 
adjust 1,4 for maximum signal in the receiver. 
Once the converter has been set up on known 

frequencies within the 10- and 11-meter bands, 
C2 and C3 are left fixed and the tuning is done 
with C4. The ban,Ispread will be approximately 
80 dial divisions on 10 and 20 or so on 11 meters. 
C1 need not be touched over a tuning range of 
about 200 kc., and so should be used at intervals 
if the entire band is being combed. 

Fig. 5-52 — A bottom view of the 
one-tube converter. The toggle 
switches are for band-changing and 
opening the heater circuit. 

• 
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Crystal-Controlled Converters for 14, 21 and 28 Mc. 
The principle of using a fixed high- frequency 

oscillator in a converter and tuning the receiver 
the converter works into can be elaborated 
upon by using a stage of r.f. amplification 
ahead of the mixer and by using a crystal-
controlled oscillator for maximum stability. 
Since such a converter is generally used on a 
high frequency where fundamental crystals 
are not available, it is necessary to use a har-
monic of a lower-frequency crystal. A crystal-
controlled converter of this type is shown in 
Figs. 5-53 and 5-55. A separate converter is re-
quired for the 14-, 21- and 27-128- Mc. bands, 
since by using separate converters it is possible 
to simplify their construction and to maxi-
mize their performance. 
The converter uses the harmonic of a crystal 

oscillator to provide an exceedingly stable high-
frequency oscillator signal. For example, in the 
10-meter convert er a 12.25- Mc, crystal doubles 
to 24.5 Me., and t his signal is fed to the mixer. 
By tuning the amplifier (your present receiver) 
following the mixer over the range 3.5 to 5.2 Mc., 
you are, in effect, tuning across the 28- Mc. 
band. The r.f. circuits in the converter are 
tuned to 28 Mc., and only have to be touched 
up when going from one end of the band to the 
other. 
The wiring diagram is shown in Fig. 5-54. A 

neutralized triode-connected 6AK5 is used for 
the r.f. amplifier. There is some question as to 
its necessity on 14 and 21 Mc., where the 
atmospheric noise is generally high enough to 
limit the maximum usable sensitivit y. A 
pentode-connected 6AK5 could probably be 
used with no detectable difference in per-
formance on 14 r!Id 21, but the triode is easy to 
handle and you don't lose anything by using it. 
Using high-impedance circuits with the pen-
tode might give trouble from regeneration, 
unless the stage were neutralized. Adjustable 
antenna coupling and a Faraday zereen are in-

Fig. .5-53 — A 28-Me. crystal-controlled 
converter. The adjustable antenna coupling 
can be seen at the left front. The tube shields. 
from left to right, cover the triode-connected 
6AK5 r.f. amplifier. the 6AK5 mixer and the 
6C4 cathode follower. The unshielded tube 
is the 6J6 oscillator-multiplier. 

eluded to accommodate various antenna sys-
tems and to eliminate capacity coupling to the 
antenna line. The r.f. stage runs at 105 volts 
on the plate, since this gives the best noise 
figure. The separate plate lead also offers an 
opportunity to kill the converter by opening 
this circuit. The 6AK5 pentode mixer is easy to 
handle and quiet enough so that its noise 
doesn't impair the over-all performance. A 
triode mixer might be used, but the pentode 
runs with low current and is quiet. 
The plate circuit of the mixer is tuned to the 

center of the receiver tuning range by setting 
L4 to resonate with the various shunt circuit 
capacities. The circuit has a low Q and there is 
little variation in gain over the range. A 6C4 
cathode follower is used as a low-impedance 
coupling to the receiver input. 
One section of a 6.16 twin triode is used for 

the crystal oscillator, and the other half serves 
as a frequency multiplier. To minimize the 
other harmonics existing in the plate circuit 
of the multiplier, the plate is tapped down on 
Lfi. 

To get the best possible r.f. circuits, within 
the space limitations, B & IV " Miniductors" 
are used for LI, L2 and L3. Their Q is well above 
that obtainable with smaller-diameter coils, 
and they are easy to handle. To insure good 
shielding and low-resistance ground paths, an 
aluminum chassis is used in preference to the 
more common steel units. 
The converter is built on a 5 X 9 X 3-inch 

aluminum chassis, with several shield parti-
tions to reduce unwanted interstage coupling. 
The most important shield is the one that 
straddles the r.f. amplifier socket and separates 
the grid and plate circuits of this stage. The grid 
tuning condenser, C2, is mounted on bakelite 
insulating washers, and its ground lead returns 
to the common ground at the tube socket, to 
eliminate stray coupling through chassis cur-
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Fig. 5-54 — king diagram of the 
crystal-controlled converter. 

— 10-aafd. mica. 
C2— 20-ggfd. midget variable (Johnson 160-110). 
Ca, C4, Ca, CIO, Cll, C12, C14, C15, C17, C20 — 680-pmfd. 

mica. 
Cs — 5.µµ(11. midget variable (Johnson 160-102). 
C7 — 1l-µ1d. midget butterfly (Johnson 160-211). 
Cs, Cla — 470-agfd. mica. 
C.0 — Twisted wire. See text. 
Cis, C49 — See coil table. 
Cts — 47-µgfd. mica. 
RI, R9 — 220 ohms. 
112— 2200 ohms, 1 watt. 

rents. If this isn't done, you may have trouble 
neutralizing the amplifier. 
A 2%-inch diameter hole is punched in the 

chassis, so that the externally-mounted an-
tenna coil, LI, can be coupled to the grid coil, 
L2. The Faraday screen is then mounted across 
this hole on the underside of the chassis. To 
construct the Faraday shield, first cut a piece 
of 3'8-inch-thick polstyrene ( Millen Quartz-Q) 
to measure 2% by 3% inches, and drill a pair 
of holes at one end to clear No. 6 screws, for 
mounting the finished shield. (These are the 
same screws that hold the mounting strip for 
the antenna condenser, C1, visible in Fig. 5-53.) 
At the opposite end of the poly sheet, drill a 
small hole in each corner, for securing the wire 
used in making the shield. Then wind No. 20 
tinned wire tightly around the poly sheet in 
the long direetion, spacing it with string or 
more No. 20 wire. When the winding is finished 
and secured at both ends, unwind the spacing 
string (or wire) and remove it. If you have done 
the job carefully, you will have neat parallel 
lines of wire across the polystyrene, all equally 
spaced and all lying fairly flat. Then apply two 
or three heavy coats of Duco cement to one side 
only, allowing sufficient time between coats for 
the cement to harden thoroughly. When this 
has been done, it will be found an easy job to 
cut each wire on the uncemented side. Straight-

R Cathode 
a Follower 

6A55 6A5 6C4 

3 

— +105 +180 6.3 0. 
Ra — 56,000 Muns. 
114— 6800 oh us. 
Rs —  0.1 meg 
R8, RIO, RI2, 114 — 470 (duns. 
117, Ru — 4700 ohms. 
Rs — 0.18 megohm. 

— 82,000 ohms. 
All resistors ,! :'z-watt unless otherwise specified. 

1,, Ls, La, 1.4, 1.5, Lo — See coil table. 
.12 — Cable-connector sockets (Jones S-101). 

RFC' — 75O- Ii. r.f. choke (National 11-33). 
XTAI. — See coil table. 

Output 

J2 

3 

6J6 

en out the wires so that you now have a flat 
sheet of parallel wires, and trim off the wires 
at the mounting holes end of the sheet along a 
line inside the mounting holes. Figs. 5-55 and 
5-56 show what this looks like. When trim-
ming these wires, be careful to see that no wire 
is left touching an adjacent one. Trim the wire 
ends at the other end to about l inch from the 
polystyrene. Clamp the shield in a vise, be-
tween two pieces of wood, and wrap each wire 
end around a piece of No. 12 tinned copper, 
as shown in Fig. 5-56. With a good hot iron, 
run a bead of solder along the bus, and your 
shield is finished. Work fast, and no heat will 
reach the poly. The shield is mounted with the 
smooth side exposed through the hole, and one 
end of the No. 12 bus is grounded at the r.f. 
tube socket. 
The grid coil, L2, is supported by its leads 

and a couple of drops of Duco cement that 
hold its grounded end to the Faraday shield. 
The antenna coil, LI, is mounted by its leads on 
a piece of Weinch diameter polystyrene rod. 
The rod is supported by a shaft bushing. A 
small wire pin through the rod at the back of 
the bushing and a rubber grommet between 
the bushing and the control knob give a soft 
friction lock that holds the coupling in any 
position. Flexible leads run from the coil to 
CI and the shield of the RG-59/U coaxial line. 
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The r.f. plate coil, LI, is 

cernelil e,1 to a small piece of 
polystyrene sheet that is 
supported by two small 
brackets. The neutralizing 
condenser, C6, is supported 
by one terminal of C7 and a 
stiff wire lead back to the 
grid pin on the tube socket. 
The coupling condenser, C6, 
is simply an insulated wire 
wrapped once around the 
lead from Cs to the grid of 
the mixer. It is brought out 
of the oscillator compart-
ment through a polystyrene 
or rubber grommet. 

After the usual last check 
of the wiring, connect a 
power supply and remove 
the 6AK5 r.f. amplifier from 
its socket. Listen in on your 
receiver at the crystal fre-
quency, and if you don't 
find the crystal signal, ad-
just L6 until you do. Then 
set your receiver on the 
proper harmonic frequency 
and peak L6 for maximum signal, as indicated by 
your S-meter. Then back off on L5 a little, because 
there is no need to run the crystal at maximum. 
Then tune your receiver — its antenna cir-

cuit must complete the cathode circuit of the 
6C4 follower — to about 3.8 Mc. and peak 
L4 for maximum noise. The adjustment is not 
sharp. If your receiver has an antenna trimmer, 
peak it too. Then plug in the 6AK5 r.f. amplifier 
and, after the tube has warmed up, rock C2 and 
C7. Through the hole in the bottom plate, use an 
alignment tool to adjust C6 a little at a time, until 

CIO 
CI9 
Xtal 

COIL TABLE FOR THE CRYSTAL-CONTROLLED 
CONVERTER 

14 M c. 21 M c. 28 M c. 

23 t. No. 24 9 t. No. 24 
diam. 1-inch diam. 

(11 & W 3012) (B & W 3016) 

1.2 21 t. No. 24 
34-ineh diam. 
& W 3012) 

L3 38 t. No. 24 
.34-inch diam., 
center-tapped 
& W 3012) 

10 t. No. 20 
1-inch diam. 
(B & W 3015) 

10 t. No. 20 9 t. No. 20 
1-inch diam. 1-inch diam. 
(B & W 3015) (B & W 3015) 

22 t. No. 24 16 t. No. 24 
.34.inch diam.. diam., 
center-tapped center-tapped 
(B & Vt 3012) (B & W 3012) 

L4 Slug-tuned coil (Cambridge Thermionie Corp. 1-Mc. LSM with 
200 turns removed) (Coils for La and In are wound on S.inch di-
ameter Cambridge Thermionie Corp. 1.SM forms) 

1,5 No. 32 enarn., 
close-wound, 
3/2 inch long 

La 22 turns No. 28 
enam., close-wound, 
center-tapped 

75 pad. 
O 
6000 Lc. (triples) 

No. 32 enam., 
close-wound, 

inch long 

20 t. No. 20 
enarn., close-wound, 
center-tapped 

75 mad. 
22 pad. 
5875 Lc. (triples) 

30 t. No. 28 
enam., 
close-wound 

20 t. No. 24 
enam., close-uound„ 
center-tapped 

33 pgfil. 
22 µAI. 
12,250 Lc. (doubles) 

• 

Fig. 5-55 — This view 
of the underside of the 
converter with the 
bottom cover removed 
shows the Faraday 
shield at the lower 
right, the shield strad-
dling the r.f amplifier 
socket (lower center) 
and the shielded oscil-
lator section (top cen-
ter). The neutralizing 
condenser for the rd. 
stage is adjusted 
through a hole in the 
bottom cover. 

• 

you lose any unpleasant sounds with all settings 
of C2 and C7, and the r.f. stage is neutralized. 
Connect the antenna, and peak C2 and C7 on a 
signal. Do all of your tuning with your regular 
receiver, and only use C2 and C7 to peak the 
signal when you make a big frequency excursion. 
The adjustable antenna coupling provides some 
measure of gain control for the unit, but it is 
generally best to use fairly tight coupling and 
hold the gain down in your regular receiver. 
The antenna coupling is designed for low-im-
pedance input, and will work satisfactorily with 
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50- or 75-ohm line. If you use 300-ohm Twin-
Lead, it is better to leave the short length of 
coaxial line ungrounded and to use something 
other than a coaxial fitting for connecting the 
antenna. If your antenna uses 600-ohm line 
or tuned feeders, it is best to use a small an-
tenna tuning unit link-coupled through a 
length of ItG-59/U to the converter input. 

There is nothing sacred about the crystal 
frequencies used, other than to be sure that 
they have no harmonics falling within the sig-
nal-frequency range. For the crystals suggested 
in the coil table, the receiver tunes from 4 to 
3.6 to cover 14 to 14.4 Mc. (yes, it tunes back-
wards!), 3.375 to 3.825 for 21 to 21.45 Mc., 
and 3.5 to 5.2 for 28 to 29.7 Mc. The 27-Me. 
amateur band is also covered by the 10-meter 
converter, simply by tuning your receiver be-
low 3.5 Mc. 
What first i.f. (tuning range of your receiver) 

you will use depends on the available crystals 
and the range your present receiver tunes. 
Using the second or third harmonic of the 
crystal should be satisfactory in practically 
every case. By careful selection of crystal fre-
quencies, you can arrange things so that the 

To AC lux 
owItch 

To 8, 
'etch 

CHAPTER 5 

Fig. 5-56 — Constructional 
details of the Faraday shield, 
before soldering the ends of 
the No. 20 wires to the No. 12 
wire bus. 

band edges start at some even 100-kc. mark on 
your receiver, thus giving you frequency-
calibrated reception (with the necessary men-
tal correction factor). The accuracy of calibra-
tion of your receiver on the one tuning range, 
together with the accuracy of the crystal used 
in the oscillator portion of the converter, 
will determine the accuracy of calibration of 
the receiving system. 

Power Supply 

The circuit diagram of a suitable power 
supply for use with the converters is shown in 
Fig. 5-57, although any source of 6.3 volts a.c. 
and 105 and 180 volts d.c. will do. One set of 
connections runs to the converter in use, and 
the other goes to a small control box located 
on the operating table. If desired, the a.c. 
switch can be incorporated in the power sup-
ply, but the plate switch, in the 105-volt lead 
to the r.f. stage, should be handy to the oper-
ator. A switch can be provided for shifting the 
pewer from one converter to another. Since sep-
arate receiving antennas are generally used at 
these frequencies, the antennas do not require 
switching. 

Fig. 5-57 — A power supply for the crystal-controlled 
converter. 
CI, Ca — 8-gfd. 450-volt electrolytic. 
RI — 1500 ohms, 10 watts. 
112 — 10,000 ohms, 10 watts. 
Li — 16-hy. 50-ma. choke (Stancor C-1003). 
Ti — 240-0-240 at 40 ma., 5 and 6.3 v. (Stancor 

P-6297). 
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An All-Purpose Super-Selective I.F. Amplifier 

The amplifier shown in Figs. 5-58 and 5-60 is 
designed to connect to any receiver at the grid 
of the first if. tube, to give superior selectivity 
for either 'phone or c.w. reception. The signals 
at 455 kc. are heterodyned to 50 kc. and filtered 
through either or both of two selective amplifiers. 
One of the amplifiers uses 11 high-Q tuned circuits 
to give a selectivity characteristic that is about 
350 cycles wide at 6 db. down and 1300 cycles 
wide at 60 db. down. The other amplifier uses 9 
"stagger-tuned" circuits that give a 2300-cycle 
bandwidth at 6 db. down and 5 kc. at 60 db. 
down. The broader amplifier has its tuning ad-
justed so that it is centered about 1700 cycles 
higher in frequency than the sharp one. Thus, 
when a 'phone carrier is tuned to fall in the center 
of the sharp amplifier, one sideband falls in the 
broader amplifier. The outputs of the amplifiers 
are fed to a common detector, and the relative 
amplitude of carrier and sideband at the detector 
can be changed by controlling the gains through 
the two amplifiers. By emphasizing the carrier 
at the detector, " exalted-carrier" reception is 
obtained, which has the advantage that fewer 
distortion products are generated on a signal in 
the presence of QRM. For c.w. reception, only 
the sharp amplifier is used, while the reception of 
SSB signals requires only the broad amplifier. 
The complete circuit of the amplifier is shown 

in Fig. 5-59. Receiver output at 455 kc., at as 
low a level as possible (to avoid overloading), 
is fed into the 6BE6 converter stage, where a 
crystal-controlled oscillator is selected either 50 
kc. higher or lower, to use the selectable-sideband 
principle.' A third position of the switch, Si, 
permits running both crystals at once, for align-
ment purposes, as described later. 
The two if. amplifiers follow the converter, 

and two 6BJ6 variable-la pentodes are used in 
each channel. There are isolation resistors and 
condensers in each power lead to prevent any 
over-all feed-back.  
1 McLaughlin, "Exit Heterodyne QRM," QST, Oct., 1947. 

Fig. 5-58 — The super-selective i.f. am-
plifier uses two channels in parallel — 
a sharp one for c.w. or for 'phone car-
rier, and a broad one for a 'phone 
sideband. 
The sharp i.f. is the strip at the rear 

of the chassis, and the broad one is just 
in front of it. The two tubes at the 
right-hand end of the broad amplifier 
are the "product detector." The b.f.o. 
can is at the front right, next to the 
tube, and the near-by tube and can 
are in the signal-metering circuit. 
The controls, from left to right, are 

sideband selector switch, audio vol-
ume, broad i.L gain, sharp i.f. gain, 
function switch, and b.f.o pitch con-
trol. 
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The resistor, R50, between gain control, R17, 
and ground, is used to bring the relative maxi-
mum gains of the two channels to approximate 
equality. The gain of the broad channel will 
vary with the degree of stagger-tuning, so R50 
should be inserted only after the alignment pro-
cedure has been completed. Its value, of course, 
may work out differently than that shown. 
The detector uses two 12AU7 dual triodes in 

in the " product detector" circuit. The advantage 
of the circuit is that it minimizes intermodulation 
at the detector and doesn't require a big b.f.o. 
signal for exalted-carrier reception. A signal-level 
indicator circuit connected to the sharp amplifier 
doesn't indicate b.f.o. voltage, so the signal-
level meter reads the same with b.f.o. on or off. 
The signal-level circuit, labeled " A.V.C.-

Rect." in Fig. 5-59, consists of a cathode follower 
driving a diode. In three positions of S2, the recti-
fied current simply works the meter, but an 
a.v.c. voltage is applied throughout the amplifier 
in the fourth position. 
The tuning meter is important. It permits the 

operator to center the carrier in the sharp ampli-
fier, and also warns him when the amplifier is 
in danger of overloading. Overloading will tend 
to nullify the advantages of high selectivity, so it is 
important that the unit always be operated below 
this point. The manual gain controls will take 
care of about 60-db. range. 
The series trap, RFC5C48, is tuned to 50 kc. 

to by-pass the r.f. and prevent its getting on the 
audio grids. A choice of two low-impedance out-
puts is provided, for 'phones and loudspeaker. 

Construction 

There are only a few departures from conven-
tional construction technique in this amplifier. 
Miniature tubes were used only to provide room 
for the tuned circuits — on a larger chassis or 
with a different layout, metal tubes should be 
perfectly satisfactory. However, no attempt 
should be made to save space by mounting the 
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tuned circuits in anything but a straight line. 
The shield cans do not provide complete magnetic 
shielding at 50 ke., and it is possible to couple 
right through the thin aluminum. 
The i.f, strips proper are built on aluminum 

channels. All power leads are brought out 
through shielded wires, to minimize coupling via 
the common power circuits. Using the shielded 
wire is also an aid to construction, because the 
shields are soldered to lugs at points near the 
tube sockets, and the isolating resistors are then 
mounted between tube socket (or coil terminal) 
and the exposed ends of the shielded wires. The 
Hallicrafters coils leave no room for the associated 
shunt condensers, so they are connected directly 
across the terminals. 
The RCA coils, used in the broad amplifier, 

must be reworked slightly before using. As sup-
plied, the terminals come out the top of the 
can, so the coil must be removed by untwisting 

455-KG 
INPUT C, R(,-59/u 

CONVERTER 
615E6 

• 
DEBAND 

SELECTOR 
•I05 

50 Sc 
C, C8 C9 

C, LC, 

50'53 SC 

C27 C28 

Fig. 5-59 - Wiring diagram of the 50-ke. selective 
amplifier. 
Cm - 0.005-pfd. ceramic. 
Ca, Ce, CII, C12, C13, C18, C19, C20, C2I, C26, C30, C31, 

C82, CM), C37, Cas, C39, C42, C44, C45, C59 - 0.1. 
pfd. 400-volt. 

Ca, C5, C10, C17, C29, C35, C43, C52 - 0.01-pfd. ceramic. 
C4 - 47-pfd. ceramic. 
C7, C8, C9, CH, C15, Cie, C22, C23, C24 - 2.4-ppfd. mica 

(two 4.7-ppfd. in series if lower value not avail-
able). 

C25- 100-ppfd. ceramic. 
C27, C28, C33, C34, C40, C41 - 4.7- pfd. mica. 
C4B, CM - 16-pfd. 450-volt electrolytic. 
C47 - 0.002.pfd. ceramic. 
C.48 - 250-970-upfd. adjustable mica (El Meneo 306). 
C49 - 0.001-pfd. ceramic. 
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four small taus. The coil to be used is connected 
to Terminals A and F, and another coil connected 
to Terminals C and I) should have its leads 
snipped. The 390-,Lard. silver-mica condenser 
can then he soldered to Terminals A and F 
before the assembly is replaced in the shield can. 
The b.f.o. coil, in, uses both coils of the RCA 

205111 connected in series. This is done by lifting 
the single wire from Terminal C and connecting 
it to Terminal F. Externally, Terminals A and D 
are used. 
The main chassis is aluminum, 12 by 17 by 2 

inches, and the front panel is a standard relay-
rack affair 7 inches high. The shielded leads from 
the if. strips proper are brought out through 
holes to tie points conveniently located away 
from signal circuits. Two short pieces of RG-59 /U 
coaxial cable are used - one from the input 
jack at the rear of the chassis up to the 6BE6 
grids, and the other from the output of the sharp 

IF 
6EIJ 6 50 - 53 Ac 

C,3 

GAIN 

F 
68J6 

.105 
R20 

C56, C53- 10-pfd. 50-volt electrolytic. 
C64 470- pfd. ceramic. 
Coo - 35-µmfd. midget variable. 
C56 - 220-mmfd. silver mica. 
C57, C58 - 3300-µufd. silver mica. 
Coo, Coi - 20.gfcl. 50-volt electrolytic. 
C62- 10-mpfd. ceramic. 
R1 - 0.15 megohm. 
Ro, R9, R13, Rig, 1123, R32, R40, - 0.1 megohm. 
Ra, If - 0.12 megohm. 
114, Rs - 330 ohms. 
117, 118 - 2700 ohms. 
Rio, RH, 1120, R24, Res - 100 ohms. 
1111, Ria, Ris, RIB, R21, R22, R27, 1{28 - 10,000 ohms. 
1117. R26 - 2000-ohm wire-wound potentiometer. 
Ilia, Ros - 27,000 ohms, 1 watt. 
R29 - 1500 ohms. 
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if. amplifier to the grid of the 12AU7 ave.-
rectifier. The input and output signal leads from 
the if. amplifiers are fed through Millen 32150 
ceramic bushings, where the projecting wire 
serves as a tie point. The detector bias control, 
R38, is mounted at the rear of the chassis, since 
it need not be touched after the original adjust-
ment for minimum detection in a single channel, 
except when a 12AU7 detector tube is replaced. 

Alignment 

The best point in a receiver to take off the 
signal for this if. amplifier is at the grid of the 
first if. stage in the receiver. If the receiver has 
a crystal filter between mixer and i.f. stage, it 
won't be used normally. The crystal filter can 
be used, but it requires getting two oscillator 
crystals for the sharp if. amplifier of just the 
right frequency. 
The frequency to which the selective amplifier 

68J6 

Rio 

+250 

Ro 
R,,  

Lc. 

50-53 50. 

So me. 
C22 

C40 C 

LC 

r-
LC,,1 

65-59/u 

Ro — 1000 ohms. 
1131— 1.5 megohms. 
1133-330 ohms, 1 watt. 
R34— 1500 ohms, I watt. 
R 35 — 4700 ohms. 
1138— 6800 ohms. 
B37 — 12,000 ohms. 
1138— 5000-ohm wire-wound potentiometer. 
1139, 1144 — 47,000 ohms. 
1141 — 0.5-megohm volume control. 
1142-2200 ohms. 
1143, 1145 0.22 megolim. 
1148 — 450 ohms, 1 watt. 
1147 — 47,000 ohms, 1 watt. 
1149 — 68,000 ohms, 1 watt. 
Roo — 270 ohms; adjust to balance gains. 

All resistors watt unless specified otherwise. 

is aligned is determined by the frequencies of the 
two crystals in the 6BE6 converters. Assume 
that the nominal i.f. frequency of the receiver 
is 455 kc., and that the available crystals are 408 
and 505 kc. The sharp i.f. will then be aligned 
to half the difference, or 48.5 kc. (408 48.5), 
but the fact that this is 1.5 kc. higher than the 
nominal 455 is nothing to worry about. 

Set a signal generator or test oscillator to half 
the crystal-oscillator difference (e.g., 48.5 kc.) 
and align the sharp channel by working back 
from the detector, introducing the signal first 
at the grid of the second 6I3J6, and aligning 
the following circuits, and then introducing the 
signal at the first 6BJ6 and then the 6BE6 mixer. 
The final touching up of the sharp amplifier is 
done by switching Si to the point where both 
6BE6s are operative and tuning a signal at 455 
Ice. until it " zero beats" with itself, as heard in 
the output. The sharp circuits are then given a fi-

DETECTOR 
t2AU7 

AUDIO AMPLIFIER 
VOLUME '2A 57 6ARS 

R40 C52 

555 HAM 
C C 
40 .1» 

CV4.11 SJA.00 

Sae 

4.105 

Ir — 50-mh. slug-tuned coil (RCA 205R1 Horizontal 
Ose. Coil. See text). 

I.C1 through LCii — 25-mh. slug-tuned coil shunted by 
390-ggfd. silver mica condenser. Q = 100 at 
50 kc. (11allicrafters 5011489). 

LC12 through LC2I — 25-mh. slug-tuned coil shunted 
by 390-gpfd. silv er mica condenser. Q = 60 at 
50 kc. (RCA 205R1 Ilorizontal Ose. Coil modi-
fied. See text). 

11 FC1, 750-mh. r.f. choke (National R-33). 
RFC2, 11FC4 — 10-mh. r.f. choke (National R-504). 
11FCs — 25-mh. r.f. choke (Millen 34225). 
MA — 0.2-ma. milliammeter. 
St — Two-circuit 3-position wafer switch. 
S2 — Three-circuit 4-position wafer switch. 
— 8-watt output transformer (Merit A-2901). 
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nal peaking, as indicated by the tuning meter. 
During alignment procedures, always work with 
a minimum signal and with the gain control, 
Ii17, advanced to maximum gain. 
The b.f.o. is aligned by switching it on, setting 

C55 to the center of its range, and adjusting the 
slug in Li to zero beat on a signal peaked through 
the sharp amplifier. 
The broad i.f, amplifier is " stagger-tuned," 

which means that alternate circuits are tuned 
to the same frequency. First, peak circuits Len 
through LC20 to a slightly higher ( 1.5 ke.) fre-
quency than the sharp channel. While doing 
this, the lead from the meter circuit can be 
transferred from Leu to LC20, and the signal 
introduced to the grid of a 611E6. Then set the 
signal source to a frequency 750 cycles higher 
than the frequency at which the sharp channel 
was peaked, and peak circuits LC12, LC14, LC16, 
LC18 and LC21), as indicated by the meter. Then 
set the signal source to a frequency 2750 cycles 
higher than the sharp-channel frequency, and 
peak circuits LCI3, LC15, LCH and LC19. Now, 
varying the frequency of the signal source, the 
response indicated by the meter will show a 
response that has two unequal peaks. The peaks 
can be equalized, or nearly so, by readjustment of 
LC12. The lead from the meter circuit can now 
be returned to Lén. 

If an audio output meter is available, get a final 
check on the response of the broad amplifier by 
setting the b.f.o. to the midfrequency of the 
sharp amplifier and, with the sharp amplifier 
turned down, swing the input signal across the 
range and watch the audio response. It should be 
fairly flat from about 500 to 2700 cycles or so, 
dropping off rapidly beyond that. 

Without access to a signal generator, it may be 
necessary to rig up a 50- or a -150-ke. oscillator 
with good stability and a slow tuning rate. 

Operation 

The operator has his choice of several types of 
operation with this amplifier. For highly-selective 
c.w. reception, use switch 82 in the " C.W." 
position, with the b.f.o. offset to give the favorite 
beat-note frequency. Signals will drop in and out 
rapidly as one tunes across a band, and a slow 
tuning rate is highly desirable. For less critical 
reception of c.w., or for net operation, switch to 
"SSB" and use the broad if. characteristic, 
reducing the gain in the sharp channel to a 
minimum. The same settings maintain for the 
reception of SSB 'phone signals — the b.f.o. is 
set to the midfrequency of the sharp channel 
and all tuning is done with the main tuning dial 
of the receiver. 

Regular AM 'phone signals are received with 
$2 set either to " MAN." or " A.V.C.," depend-
ing upon the QRNI conditions. In either case, 
the carrier is peaked on the meter for accurate 
tuning, and the two gain controls are set for 
best listening. In " MAN." operation this will 
usually mean riding gain on the sharp channel 
so that the meter never goes beyond half-scale, 
and with the broad-amplifier gain control backed 
off proportionately. In•" A.V.C.," both controls 
can be run wide open, but as one tunes across 
some signals the set may overload until the tun-
ing is centered on the desired carrier. A hetero-
dyne on one sideband will be eliminated by 
switching Si. " Practice" is the only advice one 
can give on handling the i.f, amplifier to its 
greatest capabilities, always remembering that 
you have the choice of two sidebancls to listen to 
plus the ability to vary the relative amplitudes 
of carrier and sidebands. 
As in all selective amplifiers, overload is the 

big enemy, and it is generally best to run the 
audio volume at or near maximum and the if. 
gain at the lowest usable value. 

Fig. 5-60 — This 
view underneath 
the 
the two oscillator 
crystals at the 
lower right. Most 
of the shielded 
leads are power 
leads to the i.f. 
strips, although 
some of the low-
level audio leads 
are also run in 
shielded wire. The 
eight holes across 
the center are for 
access to the tun-
ing slugs of the 
broad i. f. strip. 
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High-Frequency 

Transmitters 
The principle requirements to be met in e.w. 

transmitters for the amateur bands between 1.8 
and 30 Mc. are that the frequency must be as 
stable as good practice permits, the output signal 
must be free from modulation and that harmonics 
and other spurious emissions must be eliminated 
or reduced to the point where they do not cause 
interference to other stations. 
The over-all design depends primarily upon the 

bands in which operation is desired, and the 
power output. A simple oscillator with satisfac-
tory frequency stability may be used as a trans-
mitter at the lower frequencies, as indicated in 
Fig. 6-1A, but the power output obtainable is 
small. As a general rule, the output of the oscil-
lator is fed into one or more amplifiers to bring 
the power fed to the antenna up to the desired 
level, as shown in B. 
An amplifier whose output frequency is the 

same as the input frequency is called a straight 
amplifier. If such a straight amplifier is placed 
in an intermediate position between two other 
transmitter stages it is sometimes called a 
buffer amplifier. 

Because it becomes increasingly difficult to 
maintain oscillator frequency stability as the 
frequency is increased, it is most usual prac-
tice in working at the higher frequencies to 
operate the oscillator at a low frequency and 
follow it with one or more frequency multi-
pliers as required to arrive at the desired out-
put frequency. A frequency multiplier is an 
amplifier that delivers output at a multiple 
of the exciting frequency. A doubler is a mul-
tiplier that gives output at twice the exciting 
frequency; a tripler multiplies the exciting fre-
quency by three, etc. From the viewpoint of any 
particular stage in a transmitter, the preceding 
stage is its driver. 
As a general rule, frequency multipliers should 

not be used to feed the antenna system directly, 
but should feed a straight amplifier which, in 
turn, feeds the antenna system, as shown in 
Fig. 1-C, D and E. As the diagrams indicate, it is 
often possible to operate more than one stage 
from a single power supply. 
Good frequency stability is most easily ob-

tained through the use of a crystal-controlled 
oscillator, although a different crystal is needed 
for each frequency desired (or multiples of that 
frequency). A self-controlled oscillator or VIO 
(variable-frequency oscillator) may be tuned to 
any frequency with a dial in the manner of a 

receiver, but requires great care in design and 
construction if its stability is to compare with 
that of a crystal oscillator. 

In all types of transmitter stages, screen-grid 
tubes have the advantage over triodes that they 
require less driving power. With a lower-power 
exciter, the problem of harmonic reduction is 
made easier. The most satisfactory oscillator 
circuits require the use of a screen-grid tube. 

(A) 

(c) 

PWR 

OSC DBLR. 

—1— 4  

PWR. 

(B) 

PWR 

(D) 

DBLR. H AMP 

PWR 

(E) 

4 

PWR 

Fig. 6-1 — Block diagrams showing typical combina-
tions of oscillator and amplifiers and power-supply 
arrangements for transmitters. A wide selection is pos. 
sible, depending upon the number of bands in which 
operation is desired and the power output. 

129 
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Oscillators 

Crystal Oscillators 

The frequency of a crystal-controlled oscillator 
is held constant to a high degree of accuracy by 
the use of a quartz crystal. The frequency de-
pends almost entirely on the dimensions of the 
crystal (essentially its thickness); other circuit 
values have comparatively negligible effect. 
However, the power obtainable is limited by the 
heat the crystal will stand without fracturing. 
The amount of heating is dependent upon the 
r.f. crystal current which, in turn, is a function 
of the amount of feed-back required to provide 
proper excitation. Crystal heating short of the 
danger point results in frequency drift to an 
extent depending • upon the way the crystal is 
cut. Excitation should always be adjusted to the 
minimum necessary for proper operation. 

Crystal-Oscillator Circuits 

Fig. 6-2 shows three commonly-used crystal-
oscillator circuits. All are of the electron-coupled 
type in which the screen of the tube serves as 
the plate of a triode oscillator. A separate output 
tank circuit is used in the actual plate circuit. 
Because of the shielding effect of the screen and 
suppressor grids, the coupling between the two 
circuits is comparatively small and exists prin-
cipally through the common electron stream 
within the tube. Thus when the load is coupled 
to the output circuit, its effect will be much less 
than if it were coupled directly to the frequency-
generating circuit. 

In the Tri-tet circuit of A, the screen is the 
grounded "plate" of a t.g.t.p. triode oscillator, 
the crystal taking the place of the coil-and-
condenser grid tank. Excitation is controlled 
by adjustment of the tank Lie' which should 
have a low LIC ratio and be tuned considerably 
to the high-frequency side of the crystal fre-
quency (approximately 5 Mc. for a 3.5-Me. 
crystal) to prevent over-excitation and high 
crystal current. Once the proper adjustment for 
average crystals has been found, C1 may be 
replaced with a fixed condenser of equal value. 

In the grid-plate circuit of Fig. 6-2B, the os-
cillating circuit is the equivalent of a grounded-
plate Colpitts. Excitation is adjusted by chang-
ing the ratio of the two capacitances, Cg and C;. 
The oscillating circuit of the modified Pierce 
oscillator in C is also basically a Colpitts, this 
time with a grounded cathode. The grid-cathode 
and screen-cathode capacitances serve the same 
purpose as the two condensers connected across 
the circuit in B. To obtain proper adjustment of 
excitation, the screen-cathode capacitance is 
augmented by Cg which may be adjusted for 
optimum excitation. 

In these circuits, output at multiples of the 
crystal frequency may be obtained by tuning 
the plate tank circuit to the desired harmonic, 
the output obtainable dropping off, of course, at 
the higher harmonics. 

If the behavior of these circuits is to be pre-
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dieted with any degree of accuracy, the tube used 
must be one having good screening. From all 
considerations, the 6AG7 is recommended. With 
a well-screened tube and proper excitation ad-
justment, the output plate tuning characteristic 

Htr. (C) — 415o to 300 
Modified Pierce 

Fig. 6-2 — Commonly -used cry stal-controlled oscillator 
circuits. Values are those recommended for a 6AG7 
tube. (See reference in text for other tubes.) 
Ci — Feed-back-control condenser — 3.5-Mc. crystals 

— approx. 220-ppfd. mica. — 7-Mc. crystals — 
approx. 150-ppfd. mica. 

Ca Output tank condenser — 100-ppfd. variable for 
single-band tank; 250-ppfd. variable for two-
band tank (see text). 

— Screen by-pass — 0.001-pfd. disk ceramic. 
C4 — Plate by-pass — 0.001-pfd. disk ceramic. 
Ca — Output coupling condenser — 50 to 100-ppfd. 

mica. 
CO — Excitation-control condenser — approx. 10-ppfd. 

mica. 
C7 — Excitation-control condenser — 220-ppfd. mica. 
Cs — D.c. blocking condenser — 0.001-pfd. mica. 
Ca — Excitation-control condenser — 220-ppfd. mica. 
Clo — Heater by-pass — 0.001-µM. disk ceramic. 
Hi — Grid leak — 0.1 megohm, 3,¡ watt. 
R 2 — Screen resistor — 47,000 ohms, 1 watt (see text 

if oscillator is to be keyed). 
Li — Excitation-control inductance — 3.5-Mc. crystals 

— approx. 4 ph.: 7-Mc. crystals — approx. 2 ph. 
L2 — Output-circuit coil — single-band: — 3.5 Mc. — 

17 ph.; 7 Mc. — 8 ph.; 14 Mc. — 2.5 ph.; 28 Mc. 
— 1 ph. Two-band operation: 3.5 & 7 Mc. — 
7.5 ph.; 7 & 14 Mc. — 2.5 ph. (See text.) 

EEC' — 2.5-mh. 50-ma. r.f. choke. 
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at the crystal fundamental, as well as at har-
monics, will be similar to that shown in Fig. 6-3 
and tuning will cause less than 25 cycles change in 
frequency. Crystal current, under these condi-
tions, should not be excessive. If the oscillator 
is to be keyed, best characteristics will be ob-
tained by omitting the screen resistor, R2, and 
connecting the screen lead to a regulated source 
of 75 to 150 volts. 

If a tube with poorer screening is used, the 
effect of tuning the output circuit will not be 
greatly different at harmonics of the crystal 
frequency, but the operation at the crystal 
fundamental may be altered drastically. When 
the output circuit is tuned near resonance, oscil-
lation may stop entirely, necessitating a critical 
adjustment to one side of resonance for good 
keying characteristics and to prevent a marked 
rise in crystal current. Under these conditions, 
the frequency may vary as much as 200 cycles. 

Crystal current may be estimated by observing 
the relative brilliance of a 60-ma. dial lamp 
connected in series with the crystal. For stable 
operation, crystal current should be limited as 
much as possible and satisfactory output should 
be obtained with a current of 40 ma. or less. If 
the oscillator is to be keyed, the lamp should be 
removed to prevent chirps. 

• Fig. 6-3 — Plate tuning 
characteristic of electron- e 
coupled circuits with a % 
well-screened tube. The lt 
plate-current dip at res- sitt 
onance broadens and is n 
less pronounced when the 
circuit is loaded. •••—br.  

TUNING CAPACITY 

For best harmonic output a tube with high 
mutual conductance should be used. This is 
especially important in the circuit of Fig. 6-2C. 
The 6AG7 also meets this requirement. A low-C 
output tank circuit is desirable, especially for 
harmonic output. However, if a tank condenser 
large enough to cover two adjacent bands with 
the same coil is used, the output at the crystal 
fundamental and at the harmonic will be ap-
proximately the same, since the LIC ratio will 
be high when the circuit is tuned to the harmonic, 
where low C is of the greater importance. 

For best performance with a 6AG7 tube, the 
values given under Fig. 6-2 should be followed 
closely. (For a discussion of values for other 
tubes, see QST for March, 1950, page 28.) 

Quartz-Crystal Characteristics 

While crystals are produced for frequencies as 
high as 50 Mc., by far the majority of those used 
in amateur high-frequency transmitters are cut 
for the 3.5- and 7-Mc. bands. With suitable 
frequency-multiplying stages, this permits the 
use of a single crystal for operation in the har-
monically-related parts of higher-frequency 
bands, as well as at the crystal fundamental fre-
quency. As an example, a 3501-ke. crystal with 
appropriate multipliers may be used for the fre-
quencies of 7002 ke., 14,004 is-., 28,008 kc. etc. 

The characteristics of a crystal — particularly 
in the thickness-frequency and temperature-
frequency relationships — depend upon the plane 
in which the crystal plate is cut from the natural 
quartz block. While other cuts are useful in cer-
tain applications, those for amateur transmitters 
invariably are of either the " AT" or " BT" types. 
Their respective temperature characteristics are 
as follows: 

AT-cut — 10 cycles per Mc, per degree at 0 
degrees C. 

— 0 cycles per Mc. per degree at 45 
degrees C. 

— -F 20 cycles per Mc. per degree at 85 
degrees C. 

BT-cut — — 10 cycles per Mc. per degree at 0 
degrees C. 

— 0 cycles per Mc. per degree at 30 
degrees C. 

— — 20 cycles per Mc. per degree at 70 
degrees C. 

The relationship between the thickness of 
crystal and its frequency is given by: 

tnil 

where free. is the frequency in megacycles, t 
the thickness in thousandths of an inch and k 
is a constant of the crystal cut approximately 
as follows: 

AT-cut — 66.2 
BT-cut — 100.78 

An AT crystal usually is more active than 
one of the BT-cut type, but since it is thinner 
for the same frequency, there is greater danger 
of fracture in operation. Therefore, AT-cut 
crystals usually are used for frequencies below 
5 Mc., while the BT-cut is used for crystals 
whose frequencies lie above 5 Mc., although 
this is not true in all cases. 

While crystals are sometimes cut for funda-
mental frequencies as high as 14 Mc., most 
crystals used by amateurs for frequencies 
higher than the 7-Mc. band are "harmonic-
type" crystals; that is, the thickness corre-
sponds to a frequency of one-third (sometimes 
one-fifth) of the normal operating frequency. 
The other dimensions of the crystal are propor-
tioned so that the mechanical vibration is at 
three times (or five times) the fundamental 
frequency. 

Regrinding Crystals 

Because crystals near any desired frequency 
can be purchased reasonably these days, it is not 
profitable for the amateur to cut and grind his 
own blanks. However, frequently it may lx de-
sirable to make a limited increase in the frequency 
of a crystal at hand. Indispensable requirements 
are a piece of plate glass, a good micrometer, sup-
plies of Size 800 aluminum oxide for light grind-
ing, and Size 400 silicon carbide for coarse grind-
ing, and a test oscillator. A test oscillator of the 
regenerative type, such as the one shown in Fig. 
6-213, is preferred. The oscillator should be 
equipped with a grid-current milliammeter, 
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preferably one with a 0.5-ma. scale. The grid 
current should be checked first with the crystal 
to be reground, and preferably with several 
others known to have satisfactory activity, to 
obtain an average of the grid current to be ex-
pected for normal crystal activity. 
The most important factor in respect to ac-

tivity is that of maintaining the proper surface 
contour. When properly ground, the crystal is 
thicker in the center than at the edges. The 
difference in thickness should vary from about 
0.001 inch for a 3.5-Mc. crystal inch square 
to about 0.00015 inch for a 7-Mc. crystal. 
The grinding compound should be sprinkled 

on the glass plate and moistened with water to 
make a very thin paste. One side of the crystal 
should be marked at a corner with a pencil and 
all of the grinding should be done on the opposite 
side. The crystal should be swirled around in 
figure-eight paths. The path should be changed 
frequently to another part of the glass plate so 
that the plate will be worn evenly. Light pressure 
with the finger on a corner of the crystal should 
be used. Make three or four "8's" to each of the 
corners in succession and then repeat. Use lighter 
pressure and make fewer "8's" as the desired 
frequency is approached. 

If a calibrated receiver is available, it can be 
used to keep a continuous check on the frequency 
as the crystal is being ground. Place a sheet of 
tinfoil or metal under the plate glass and connect 
it to the antenna terminal of the receiver. Then as 
the crystal is being ground, it will produce a hiss 
in the receiver that peaks close to the crystal 
frequency. To be safe, however, it is advisable to 
limit the use of this method of checking to within 
20 kc. of the desired frequency at 7 Mc. Then if 
it is found that the activity is not up to normal, 
the contour can be corrected without overshoot-
ing the desired frequency. 
The crystal should be thoroughly cleaned of 

grinding compound and other matter before 
using the micrometer or checking in the test 
oscillator, of course. Use.soap, warm water and a 
tooth brush, and dry with a lintless cloth or 
tissue. Handle the crystal by the edges only after 

cleaning. 

Lowering Frequency 

If a crystal has accidentally been ground down 
too far, or if it is desired to lower slightly the 
frequency of any other crystal, this can often be 
done by loading the crystal. Loading, however, 
may reduce the crystal activity if it is carried too 
far. With a good active crystal, it should be pos-
sible to decrease the frequency as much as one 
per cent — 35 kc. for a 3500-kc. crystal. Cold 
soft solder rubbed into the crystal surface is suit-
able. The solder should be applied gradually 
while the frequency and activity are checked. 
Start off by marking a circle about g inch in 
diameter at the center of the crystal and use this 
as a boundary for additional applications of the 
solder. The loading should be applied to both 
surfaces as equally as possible. 

• VARIABLE-FREQUENCY 
OSCILLATORS 

The frequency of a VFO depends entirely on 
the values of inductance and capacitance in the 
circuit. Therefore, it is necessary to take careful 
steps to minimize changes in these values not 
under the control of the operator. As examples, 
even the minute changes of dimensions with 
temperature, particularly those of the coil, may 
result in a slow but noticeable change in frequency 
called drift. The effective input capacitance of 
the oscillator tube, which must be connected 
across the circuit, changes with variations in 
electrode voltages. This, in turn, causes a change 
in the frequency of the oscillator. To make use 
of the power from the oscillator, a load, usually 
in the form of an amplifier, must be coupled to 
the oscillator and variations in the load may re-
flect on the frequency. Very slight mechanical 
movement of components may result in a shift in 
frequency, and vibration can cause undesirable 
modulation. 

VFO Circuits 

Fig. 6-4 shows the most commonly used cir-
cuits. They are designed to minimize the effects 
mentioned above. All are of the electron-coupled 
type discussed in connection with crystal oscil-
lators. 
The oscillating circuits in Figs. 6-41 and B 

are the Hartley type; those in C and D are Col-
pitts circuits. There is little choice between the 
circuits of A and C. In both, all of the effects 
mentioned, except changes in inductance, are 
minimized by the use of a high-Q tank circuit 
obtained through the use of large tank capaci-
tances. Any uncontrolled changes in capacitance 
thus become a very small percentage of the total 
circuit capacitance. 

In the series-tuned Colpitts circuit of Fig. 
6-1D (sometimes called the Clapp circuit), a 
high-Q circuit is obtained in a different manner. 
The tube is tapped across only a small portion 
of the oscillating tank circuit, resulting in very 
loose coupling between tube and circuit. The 
taps are provided by a series of three condensers 
across the coil. In addition, the tube capacitances 
are shunted by large condensers, so the effects 
of the tube — changes in electrode voltages and 
loading — are still further reduced. In contrast 
to the preceding circuits, the resulting tank cir-
cuit has a high L/C ratio and therefore the tank 
current is much lower than in the circuits using 
high-C tan ks. As a result, it will usually be found 
that, other things being equal, drift will be less 
with the low-C circuit. 

For best stability, the ratio of C11 ± C12 to 
C13 or C14 (which are usually equal) should be 
as high as possible without stopping oscillation. 
The permissible ratio will be higher the higher 
the Q of the coil and the mutual conductance of 
the tube. If the circuit does not oscillate over the 
desired range, a coil of higher Q must be used or 
the capacitance of C13 and C14 reduced. 
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Load Isola tion 

In spite of the precautions already discussed, 
the tuning of the output plate circuit will cause a 
noticeable change in frequency, particularly in 
the region around resonance. This effect can be 
reduced considerably by designing the oscillator 
for half the desired frequency and doubling fre-
quency in the output circuit, although there will 
be some sacrifice in output. 

It is desirable, although not a strict necessity 
if detuning is recognized and taken into account, 
to approach as closely as possible the condition 
where the adjustment of tuning controls in the 
transmitter, beyond the VFO frequency control, 
will have negligible effect on the frequency. This 
can be done by substituting a fixed-tuned circuit 
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Htr. .75roI50 — +150 to 300 

(C) Colpitts 

in the output of the ,,• illator, and adding one or 
more fixed-tuned amplifiers or doublers, as shown 
in Fig. 6-5, to give the desired isolation between 
the oscillator and the first tunable amplifier stage. 
The fixed-tuned circuits may consist .of non-
resonant chokes or, for greater output or fre-
quency multiplying, slug-tuned coils adjusted to 
the desired frequency. A voltage-regulated supply 
is recommended. 

Chirp 

In all of the circuits shown there will be some 
change of frequency with changes in screen and 
plate voltages, and the use of regulated voltages 
for both usually is necessary. One of the most 
serious results of voltage instability occurs if 

°FM *7510150 — + 15010 300 

(B) Hartley- Non-resonant Output 

Hic -1751o150 - +1501o300 

(D) SerieS-Teled Colpitts 

Fig. 6-4 — VFO circuits. Approximate values for 3.5 Mc. are given 'below. For 1.75 Mc., all tank-circuit values of 
capacitance and inductance, all tuning capacitances and C13 and CH should be doubled; for 7 Mc., they should be 
cut in half. 

CI — Oscillator bandspread tuning condenser — 150. 
µAl. variable. 

C2 — Output-circuit tank condenser — 100-ppfd. vari-
able. 

C3 — Oscillator tank condenser — 500-ppfd. zero-temp. 
mica. 

C4 — Grid coupling condenser — 100-ppfd. zero-temp. 
mica. 

Cs — I leater by-pass — 0.001-pfd. disk ceramic. 
Cs — Screen by-pass — 0.001-pfd. disk ceramic. 
C7 — Plate by-pass — 0.001-pfd. disk ceramic. 
Cg — Output coupling condenser — 50 to 100-ppfd. 

mica. 
Cg — Oscillator tank condenser — 680-ppfd. zero-temp. 

mica. 
Cie — Oscillator tank condenser — 0.0022-dd. zero-

temp. mica. 
CI, — Oscillator bandspread padder — 50-mpfd. vari-

able air. 
C12 — Oscillator bandspread tuning condenser — 25. 

pad. variable. 
C13, C14 — Tube-coupling condenser — 0.001-pfd. zero-

temp. mica. 
Ri — 47,000 ohms, 13 watt. 
1.1 — Oscillator tank roil — 4.3 ph., tapped about one. 

third-way from gro ttttt led end. 
1.2 — Output-circuit tank coil — 22 ph. 
1.3 — Oscillator tank coil — 4.3 ph. 
1.4 — Oscillator tank coil — 33 ph. (B & W JEL-80). 
RFC' — 2.5-mh. 50-ma. r.f. choke. 
VI — 6AG7 preferred; other well-screened types usable. 
V2 — 6AG7 required. 
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the oscillator is keyed, as it often is for break-in 
operation. Although voltage regulation will 
supply a steady voltage from the power supply 
and therefore is still desirable, it cannot alter 
the fact that the voltage on the tube must rise 
from zero when the key is open, to full voltage 
when the key is closed, and must fall back again 
to zero when the key is opened. The result is a 
chirp each time the key is opened or closed, 
unless the time constant in the keying circuit is 
reduced to the point where the chirp takes place 
so rapidly that the receiving operator's ear cannot 
detect it. Unfortunately, as explained in the 
chapter on keying, a certain minimum time con-
stant is necessary if key clicks are to be mini-
mized. Therefore it is evident that the measures 
necessary for the reduction of chirp and clicks 
are in opposition, and a compromise is necessary. 
For best keying characteristics, the oscillator 
should be allowed to run continuously while a 
subsequent amplifier is keyed. However, a keyed 
amplifier represents a widely variable load and 

sufficient, isolation is provided between the 
oscillator and the keyed amplifier, the keying 
characteristics may be little better than when 
the oscillator itself* is keyed. 

Frequency Drift 

Frequency drift is further reduced most easily 
by limiting the power input as much as possible 
and by mounting the components of the tuned 

AMP 

CI 

Rk, 

I+150 TO 300V- 0-75 TO ISO V.4 

AMP 

Variable condensers should have ceramic 
insulation, good bearing contacts and should 
preferably be of the double-bearing type, and 
fixed condensers should have zero temperature 
coefficient. The tube socket also should have 
ceramic insulation and special attention should 
be paid to the selection of a tank coil in the os-
cillating section. 

Oscillator Coils 

The Q of the tank coil used in the oscillating 
portion of any of the circuits under discussion 
should be as high as circumstances (usually 
space) permit, since the losses, and therefore 
the heating, will be less. With recommended care 
in regard to other factors mentioned previously, 
most of the drift will originate in the coil. The 
coil should be well spaced from shielding and 
other large metal surfaces, and be of a type that 
radiates heat well, sueh as a commercial air-
wound type, or should be wound tightly on a 
threaded ceramic form so that the dimensions will 
not change readily with temperature. The wire 
with which the coil is wound should be as large as 
practicable, especially in the high-C circuits. 

Mechanical Vibration 

To eliminate mechanical vibration, components 
should be mounted securely. Particularly in the 
circuit of Fig. 6-4D, the condenser should pref-
erably have small, thick plates and the coil 

braced, if necessary, to pre-
vent the slightest mechanical 
movement. Wire connections 
et WI cil tank-circuit compo-
nents should be as short as pos-
sible and flexible wire will have 
less tendeney to vibrate than 
solid wire. It is advisable to 
cushion the entire oscillator 
unit by mounting on sponge rub-
ber or other shock mounting. 

CI 

C2 -IF, OUtPUt 

5 RFC, 

Fig. 6-5— Diagram showing two isolating amplifier stages following a VFO. 
Well-screenei tubes, such as the 6S1(7 or similar types are recommended. 

111 — Grid leak — 50.000 ohms. 

R2 — Cathode biasing resistor — 200 
to 500 ohms, 1 watt. 

RFC' — 2.5-mh. 50-ma. r.f. choke or 
slug- tuned coil. 

C1 — Coupl nit condenser — 100-
mad. mica. 

C2 - By-pass condenser — 0.001-
afil. disk ceramic. 

C3 — Heater by-pass — 0.001-dd. 
disk ceramic. 

circuit in a separate shielded compartment, so 
that they will be isolated from the direct heat 
from tubes and resistors. The shielding also will 
eliminate changes in frequency caused by move-
ment of nearby objects, such as the operator's 
hand when tuning the VFO. The circuit of Fig. 
6-4D lends itself well to this arrangement, since 
relatively long leads between the tube and the 
tank circuit have negligible effect on frequency 
because of the large shunting capacitances. The 
grid, cathode and ground leads to the tube can 
be bunched in a cable up to several feet long. 

Tuning Characteristic 

If the circuit is oscillating, 
touching the grid of the tube 
or any part of the circuit con-
nected to it will show a change 
in plate current. In tuning 
the plate output circuit with-
out load, the plate current 
will be relatively high until it is 
tuned near resonance where 
the plate current will dip to a 

low value, as illustrated in Fig. 6-3. When the 
output circuit is loaded, the dip should still be 
found, but broader and much less pronounced as 
indicated by the dashed line. The circuit should 
not be loaded beyond the point where the dip is 
still recognizable. 

Checking VFO Stability 

A VFO should be checked thoroughly before 
it is placed in regular operation on the air. Since 
succeeding amplifier stages may affect the signal 
characteristics, final tests should be made with 
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the complete transmitter in operation. Almost 
any \TO will show signals of good quality and 
stability when it is running free and not con-
nected to a load. A well-isolated monitor is a 
necessity. Perhaps the most convenient, as well 
as one of the most satisfactory, well-shielded 
monitoring arrangements is a receiver combined 
with a crystal oscillator, as shown in Fig. 6-6. 
(See " Crystal Oscillators," this chapter.) The 
crystal frequency should lie in the band of the 
lowest frequency to be checked and in the fre-
quency range where its harmonics will fall in the 
higher-frequency bands. The receiver is 
turned off and the VF() signal is tuned to beat 
with the signal from the crystal oscillator in-
stead. In this way any receiver instability caused 
by overloading of the input circuits, which may 
result in " pulling" of the h.f. oseilla tor in the 
receiver, or by a change in line voltage to the 
receiver when the transmitter is keyed, will not 
affect the reliability of the cheek. Most present-
day crystals have a sufficiently-low temperature 
coefficient to give a satisfactory check on drift 
as well as on chirp and signal quality if they are 
not overloaded. 

Harmonics of the crystal may be used to beat 
with the transmitter signal when monitoring at 
the higher frequencies. Since any chirp at the 
lower frequencies will be magnified at the higher 
frequencies, accurate checking can best be done 
by monitoring at the latter. 
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The distance between the crystal oscillator and 

receiver should be adjusted to give a good beat 
between the crystal oscillator and the transmitter 
signal. When using harmonics of the crystal 
oscillator, it may be necessary to attach a piece 
of wire to the oscillator as an antenna to give 
sufficient signal in the receiver. 
Checks may show that the stability is suffi-

RECEIVER- BFO OFF 

/ Ni 
VFO XTAL 

OSC. 

Fig. 6-6—Set-up for cheek ing VFO stahilit v. The receiver 
si Id be tuned preferably to a harmonic of the V FO 
frequency. The er-1:11 ..- eillator may operate some-
where in the hand in which the VFO is operating. The 
receiver h.f.o. should be turned off. 

ciently good to permit oscillator keying at the 
lower frequencies, where break-in operation is of 
greater value, but that chirp becomes objection-
able at the higher frequencies. If further improve-
ment does not seem possible, it would be logical 
in this case to use oscillator keying at the lower 
frequencies and amplifier keying at the higher 
frequenei)-. 

R. F. Power Amplifiers 
R.f. power amplifiers used in ant.w.w. trans-

mitters usually are operated under ( L ( ' con-
ditions (see chapter on vacuum-tube funda-
mentals). Fig. 6-7 shows a screen-grid tube with 
the required tuned tank in its plate circuit. 
Equivalent cathode connections for a filament-
type tube are shown in Fig. 6-8. It is assumed 
that the tube is being properly driven and that 
the various electrode voltages are appropriate 
for Class C operation. The main objective, of 
course, is to deliver as much fundamental power 
as possible (or as desire(l) into a load, k, without 
exceeding the tube ratings. The load resistance 
may be in the form of a transmission line to an 
antenna, or the grid circuit of another amplifier. 
A further objective is to minimize the harmonic 
energy (always generated by a Class C amplifier) 
fed into the load circuit. In attaining these 
objectives, the Q of the tank circuit is of im-
portance. 

• PLATE TANK Q 
The Q is determined (see chapter on electrical 

laws and circuits) by the L/C ratio and the load 
resistance of the tube (not the resistance of the 
load circuit). The tube load resistance is related, 
in approximation, to the ratio of the (I.e. plate 
voltage to d.c. plate current at which the tube is 
operated. The amount of C that will give a Q of 
12 for various ratios is shown in Fig. 6-9. A Q of 
12 is a value chosen as an average that will satisfy 
most of the requirements to be discussed. Certain 

specific considenitions may make a higher or 
lower value desira fle. For a given plate-voltage/ 
plate-current ratio. the Q will vary directly as 
the tank capacitance. twice the capacitance 
doubles the Q etc. 

Effect of Q on Tube Plate Efficiency 

For good t ul h. efficiency, the voltage drop 
across the tank L\vhich determines the instan-
taneous plate voltage) should approach a sine 
wave characteristic. Although the plate current 
flowing through t I t ank is in the highly-distorted 
form of short pulses containing considerable har-
monic energy, a resonant circuit discriminates 
against harmonic collages across the circuit ac-
cording to the Q of the circuit. If the Q is suffi-
ciently high, the wave shape of the voltage drop 
across the tank circuit will be essentially sinu-
soidal. So far as tube plate efficiency is concerned, 
requirements will be met satisfactorily if the 
tank Q is 5 or greater. However, as the Q is 
increased, the current circulating in the tank 
circuit becomes greater, increasing the tank-
circuit loss. If the Q is greater than about 20, the 
losses in the tank circuit caused by the increas-
ingly greater tank current will offset any further 
improvement in plate efficiency. 

Harmonic Output Reduction 

Strictly speaking, a high-Q tank circuit does 
not " attenuate" harmonies. The plate current 
pulses remain unchanged with Q. However, it has 
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been explained above that the harmonic voltage 
drop across the tank circuit (a pure sine wave 
has no harmonic content) decreases with an 
increase in Q and therefore when the load circuit 
is coupled across the tank circuit capacitively, 
as shown in Fig. 6-7B, the harmonic voltage 
across the load will be reduced as the Q of the 
tank circuit is increased. 
When inductive coupling is used, as in Fig. 

6-7A, harmonic reduction in the load comes 
about for a different reason. At resonance, as 
explained in the chapter on electrical laws and 
circuits, there is a build-up of fundamental cur-
rent in the tank circuit, and this current becomes 
greater as the Q is increased. As the current 
through the tank coil increases, the same power 
in the load will be obtained with looser inductive 
coupling (a smaller coupling coefficient). Since 
the harmonic current through the coil remains 
fixed irrespective of Q, the amount of harmonic 
energy coupled out becomes less as the coupling 
is decreased. 
As stated above, tank-circuit loss increases 

with Q, so that the choice of Q must be a com-
promise depending upon whether efficiency or 
harmonic reduction is considered the more im-
portant. 

vs. Coupling 

Also, as explained above, it is seen that the Q 
has an influence on coupling to a load when the 
coupling is inductive. The higher the Q, the 
larger the tank current and the smaller the 
coefficient of coupling to the load can be for a 
given value of current in the load. Conversely, 
the lower the Q, the greater the coefficient of 
coupling must be. 

(A) 

+NM 

CHAPTER 6 

Q and Broodbanding 

Amateur frequencies are in bands — not spot 
frequencies — and it becomes desirable to design 
the circuits of the transmitter so that it may be 

• 
Fig. 6-8 — Filament center-tap con-
nections to be substituted in place of 
cathode connections shown in dia-
grams when lilainent-t Y pe tubes are 
substituted. Ti is the filament trans-
former. Filament by-passes CI, 
should be 0.001-5fd. disk ceramic 
condensers. 

• 
operated within a band with a minimum of 
retuning. It is therefore desirable to use the 
minimum Q that will satisfy the previously dis-
cussed requirements. 

• OUTPUT COUPLING SYSTEMS 
Coupling to Flat Coaxial Lines 

When the load 1? in Fig. 6-7A is located for 
convenience at some distance from the amplifier, 
or when maximum harmonic reduction is de-
sired, it is advisable to feed the power to the 
load through a low-impedance coaxial cable. 
The shielded construction of the cable prevents 
radiation and makes it possible to install the line 
in ; 111y convenient manner without danger of 
unwanted coupling to other circuits. 

If the line is more than a small fraction of a 
wavelength long, the load resistance at its output 

end should be adjusted, by a 
matching circuit if necessary, to 
match the characteristic im-
pedance of the cable. This re-
(luces losses in the cable to a 
minimum and makes the cou-
pling adjustments at the trans-
mitter independent of the cable 
length. Matching circuits for use 
between the cable and another 
transmission line are discussed 
in the chapter on transmission 
lines, while the matching adjust-
ments when the load is the grid 
circuit of a following amplifier 
are described elsewhere in this 
chapter. 
Assuming that the cable is 

properly terminated, proper 
loading of the amplifier will be 
assured, using the circuit of 
Fig. 6-10C, if 

1) The plate tank circuit has 
reasonably high value of Q. A 
value of 10 or more is usually 
sufficient. 

2) The inductance of the pick-
up or link coil is close to the opti-
mum value for the frequency 

(B) 

Fig. 6-7 — Output coupling circuits. A — In-
ductive link coupling. B — Capacitive coupling. 

Ci — Plate tank condenser — see text and Fig. 6-9 for capacitance, Fig. 
6-29 for voltage rating. 

C2 — Ileater by-pass — 0.001-afd. disk ceramic. 
C3 — Screen by-pass — voltage rating depends on method of screen supply. 

See section on screen considerations. Voltage rating same as plate 
voltage will be safe under any condition. 

C4 — Plate by-pass — 0.001-afd. disk ceramic or mica. Voltage rating same 
as CI, plus safety factor. 

CS — Coupling condenser — see Fig. 6-18. 
Li — To resonate at operating frequency with CI. See LC chart in miscel-

laneous-data chapter and inductance formula in electrical-laws 
chapter, or use AR RL Lightning Calculator. 

L2 — Reactance equal to line impedance. See reactance chart in miscellane-
ous-data chapter and inductance formula in electrical-laws chapter, 
or use ARRL Lightning Calculator. 

R — Representing load. 
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Fig. 6-9 — Chart showing plate tank capacitance re-
quired for a Q of 12. 'l'o use the chart, divide the tube 
plate voltage by the plate current in milliamperes. Se-
lect the % critical line corresponding to the answer ob-
tained. Follow this vertical line to the diagonal line for 
the band in ques • , and thence horizontally to the 
left to read the capacitance. For a given ratio of plate-
voltage/plate current, doubling the capacitance shown 
doubles the Q etc. \% hen a split-stator condenser is 
used in a balanced circuit, the capacitance of each section 
may be one half of the value given by the chart. 

and type of line used. The optimum coil is one 
whose self-inductance is such that its reactance 
at the operating frequency is equal to the charac-
teristic impedance, Zo, of the line. 

3) It is possible to make the coupling between 
the tank and pick-up coils very tight. 
The second in this list is often hard to meet. 

Few manufactured link coils have adequate in-
ductance even for coupling to a 50-ohm line at 
low frequencies. 

If the line is operating with a low s.w.r., the 

Capacitance in eipfd. Required for Coupling to 
Flat Coaxial Lines with Tuned Coupling Circuit 

Frequency Characteristic Impedance of Line 
Band 52 75 
Mc. ohms I ohms I 
1.8 900 600 
3.5 450 300 

230 150 
14 115 
28 60 

75 
40 

I Capacitance values are maximum usable. 

Note: Inductance in circuit must be adjusted to 
resonate at operating frequency. 

system shown in Fig. 6-10C will require tight 
coupling between the two coils. Since the second-
ary (pick-up coil) circuit is not resonant, the 
leakage reactance of the pick-up coil will cause 
some detuning of the amplifier tank circuit. 
This detuning effect increases with increasing 
coupling, but is usually not serious. However, the 
amplifier tuning must be adjusted to resonance, as 
indicated by the plate-current dip, each time the 
coupling is changed. 

Tuned Coupling 

The design difficulties of using " untuned" 
pick-up coils, mentioned above, can be avoided 
by using a coupling circuit tuned to the operating 
frequency. This contributes additional selectivity 
as well, and hence aids in the suppression of 
spurious radiations. 

If the line is flat the input impedance will be 
essentially resistive and equal to the Zo of the 
line. With coaxial cable, which has a Zo of 75 
ohms or less, a circuit of reasonable Q can be ob-
tained with practicable values of inductance and 
capacitance connected in series with the line's 
input terminals. 

Suitable cireuits are given in Fig. 6-10 at A 
and B. The values of inductance and capacitance 
in the coupling circuits are not highly critical, but 
the L/C ratio must not be too small. The Q of the 
coupling circuit often may be as low as 2, with-
out running into difficulty in getting adequate 
coupling to a tank circuit of proper design. Larger 
values of Q can be used and will result in increased 
ease of coupling, but as the Q is increased the 
frequency range over which the circuit will oper-
ate without readjustment becomes smaller. It is 
usually good practice, therefore, to use a coupling-
cireuit Q just low enough to permit operation, 
over as much of a band as is normally used for a 
particular type of communication, without re-
quiring retuning. 

Alternative for use 
with small/inks 

(A) (8) (C) 

Fig. 6-10— ith flat transmission lines power transfer is obtained with looser coupling if the line input is tuned 
to resonance. CI and 1.1 should resonate at the operating frequency. See table for maximum usable value of 
If circuit does not resonate with maximum CI or less, inductance of L1 must be increased, or added in series at L2. 
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Capacitance values for a Q of 2 and line 
impedances of 52 and 75 ohms are given in the 
accompanying table. These are the maximum 
values that should be used. The inductance in the 
circuit should be adjusted to give resonance at 
the operating frequency. If the link coil used for a 
particular band does not have enough inductance 
to resonate, the additional inductance may be 
connected in series as shown in Fig. 6-10B. 

In practice, the amount of inductance in the 
circuit should be chosen so that, with some-
what loose coupling between L1 and the amplifier 
tank coil, the amplifier plate current will increase 
when the variable condenser, C1, is tuned through 
the value of capacitance given by the table. The 
coupling between the two coils should then be 
increased until tho amplifier loads normally, 
without changing the setting of C1. If the trans-
mission line is flat over the entire frequency band 
under consideration, it should not be necessary to 
readjust C1 when changing frequency, if the 
values given in the table are used. However, it is 
unlikely that the line actually will be flat over 
such a range, so some readjustment of C1 may be 
needed to compensate for changes in the input 
impedance of the line as the frequency is changed. 
If the input impedance variations are not large, 
C1 may be used as a loading control, no changes 
in the coupling between L1 and the tank coil 
being necessary. 
The degree of coupling between L1 and the 

amplifier tank coil will depend on the coupling-
circuit Q. With a Q of 2, the coupling should be 
tight — comparable with the coupling that is 
typical of " fixed-link" manufactured coils. With 
a swinging link it may be necessary to increase 
the Q of the coupling circuit in order to get suffi-
cient power transfer. This can be done by in-
creasing the L/C ratio. 

Pi-Section Output Tank 

A pi-section tank circuit may also be used in 
coupling to a low-impedance transmission line, 
as shown in Fig. 6-11. The output condenser, C2, 

Fig. 6-11 — Pi-section output tank circuit. 

Ci — Input condenser — see text and Fig. 6-9 for ca-
pacitance. For voltage rating see CI, Fig. 6-7. 

C2 — Output condenser — adjustable to half reactance 
of line impedance — see text and reactance 
chart in chapter of miscellaneous data. Voltage 
rating — receiving spacing good for 1 kw. at 
50 or 75 ohms if line is terminated in link, other-
wise plate voltage plus 25%. 

C3 — Heater by-pass — 0.001-afd. disk ceramic. 
C4 — Screen by-pass — see Fig. 6-7. 
C3 — Plate by-pass — see Fig. 6-7. 
Ce — Plate blocking condenser — 0.001-afd. disk ce-

ramic or mica. Voltage rating same as CI. 
Li — Inductance approx. same as Li, Fig. 6-7. 

should be adjustable to a reactance of about half 
of the characteristic impedance of the line. CI, 
the input condenser, and L1 should have values 
approximately the same as used in a conventional 
tank circuit for a Q of 12 (see Fig. 6-9). 
A decrease in the capacitance of C2, or the 

inductance of LI, will increase the coupling and 
vice versa. Each time L1 or C2 is changed, C1 
must be readjusted for resonance. 

• R.F. AMPLIFIER-TUBE OPERATION 
Driving Power, Efficiency, Dissipation 

and Power Input 

One of the most significant tube ratings is the 
maximum plate-dissipation rating. This is the 
power that can be safely dissipated in the tube 
as heat. It is the difference between r.f. power 
output and the d.c. power input to the plate. For 
a given dissipation rating, the theoretical power 
output from a tube depends on the efficiency with 
which it can be made to operate. The Po/Pd curve 
of Fig. 6-12 shows the theoretical power output 
obtainable at various efficiencies in terms of the 
plate-dissipation rating. For instance, at an 
efficiency of 60 per cent, the curve shows that the 
output will be 1.5 times the dissipation rating, 
while at an efficiency of 90 per cent a power of 9 
times the dissipation rating might be obtained. 
However, the Pi/Pd curve shows that the power 
input at 90 per cent would have to be 10 times 
the dissipation rating. An input of this magni-
tude would exceed the power-input rating (plate 
voltage X plate current) of the tube, which is 
based on cathode emission and electrode insula-
tion. Also, referring to Fig. 6-13, it is seen that 
the higher efficiencies are obtainable only by the 
use of an inordinate amount of driving power. In 
other words, the power amplification decreases 
rapidly. The typical operating conditions given 
in the tube tables represent a compromise of 
these factors. Fig. 6-12 shows the usual practical 
efficiencies attainable for various classes of tube 
operation. For instance, at an efficiency of 75 
per cent, a Class C amplifier could normally 
be operated at a power input of 4 times its 
plate dissipation. A doubler, however, normally 
operating at about 35 per cent efficiency, could 
handle an input of only about 1.5 times its 
dissipation rating. The efficiencies shown for 
Class B amplifiers are for full excitation and 
full input. 
The figures for driving power listed in the tube 

tables do not include coupling-circuit losses and 
to assure adequate excitation, the driver tube 
should be capable of an output power three or 
four times the rated driving power of the ampli-
fier. For normal operation, proper excitation is 
indicated when rated d.c. grid current is obtained 
at rated bias (see tube tables). 
Depending on the material from which the 

plate is made, the plate will show no color, or 
varying degrees of redness, when operating at 
rated dissipation. This can be checked by oper-
ating the tube without excitation, but with plate 
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Fig. 6-12 — Curves showing the relationship of power 
output (Po), power input ( P1), plate dissipation (Pd) 
and efficiency according to class of amplifier tube 
operation. 

and screen voltages applied, for a period approxi-
mating normal operation. Fixed bias should be 
applied to bring the plate current to some low 
value at the start. The bias should be gradually 
reduced until the input to the tube (plate voltage 
X plate current in decimal parts of an ampere) 
equals the rated dissipation. The color of the 
plate at this input should be noted so that it can 
be compared with the color showing in normal 
operation. A brighter color in operation would 
indicate that the dissipation rating is being ex-
ceeded. However, most tubes of recent design 
do not show color at rated dissipation. 

Maximum Grid Current 

Maximum grid dissipation usually is ex-
pressed in terms of the maximum grid current 
at which the tube should be operated to pre-
vent damage to the tube. A common result of 
excessive grid heating is a condition where the 
grid current gradually falls off. If the bias is 
supplied largely by grid-leak action, the bias 
drops and the tube draws excessive plate cur-
rent. The total effect is one in which the tem-
perature of the tube rapidly rises to the danger 
point. Sometimes, but not always, the tube 
will restore itself to normal if all power, except 
filament, is turned off for several minutes. If 
the overload has been serious or prolonged, 
with a thoriated-filament tube, it may be pos 
sible to reactivate the filament, as described 
below, but sometimes the tube will be perma-
nently damaged. 

139 
Filament Voltage 

The filament voltage for the indirectly-heated 
cathode-type tubes found in low-power classifi-
cations may vary 10 per cent above or below 
rating without seriously reducing the life of the 
tube. But the voltage of the higher-power fila-
ment-type tubes should be held closely between 
the rated voltage as a minimum and 5 per cent 
above rating as a maximum. Make sure that the 
plate power drawn from the power line does not 
cause a drop in filament voltage below the proper 
value when plate power is applied. 

Thoriated-type filaments lose emission when 
the tube is overloaded appreciably. If the over-
load has not been too prolonged, emission some-
times may be restored by operating the filament 
at rated voltage with all other voltages removed 
for a period of 10 minutes, or at 20 per cent above 
rated voltage for a few minutes. 

Bias and Tube Protection 

The portion of the excitation cycle over which 
the amplifier draws plate grid current (operating 
angle) is governed by applying a negative biasing 
voltage between grid and cathode. Recommended 
values will be found in the tube tables. Several 
methods of obtaining bias are shown in Fig. 6-14. 
In A, bias is obtained by the voltage drop across 
a resistor in the grid d.c. return circuit when 
rectified grid current flows. The proper value of 
resistance may be determined by dividing the 
required biasing voltage by the d.c. grid current 
at which the tube will be operated. The tube is 
biased only when excitation is applied, since the 
voltage drop across the resistor depends upon 
grid-current flow. When excitation is removed, 
the bias falls to zero. At zero bias most tubes 
draw power far in excess of the plate-dissipation 
rating. So it is advisable to make provision for 
protecting the tube when excitation fails by 
accident, or by intent as it does when a preceding 
stage in a c.w. transmitter is keyed. This pro-
tection can be supplied by obtaining all bias from 
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Amplification 

Et 

Grid 
Driving Power 
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Fig. 6-13 — Curves showing relationship of driving power, 
power amplification and plate-circuit efficiency of an r.f. 
power-amplifier stage. 
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a source of fixed voltage, as shown in Fig. 6-14B. 
It is preferable, however, to use only sufficient 
fixed bias to protect the tube and obtain the 
balance needed for operating bias from a grid 
leak, as indicated in C. The grid-leak resistance 
in this case is calculated as above, except that the 
fixed voltage used is subtracted first. 

Fixed bias may be obtained from dry batteries 
or from a power pack (see power-supply chapter). 
If dry batteries are used, they should be checked 
periodically, since even though they may show 
normal or above-normal voltage, they eventually 
develop a high internal resistance. Grid-current 
flow through this battery resistance may increase 
the bias considerably above that anticipated. 
The life of batteries in bias service will be ap-
proximately the same as though they were subject 
to a drain equal to the grid current, despite the 
fact that the grid-current flow is in such a direc-
tion as to charge the battery, rather than to 
discharge it. 

If the maximum c.w. ratings shown in the tube 
tables are to be used, the input should be cut to 
zero when the key is open. Aside from this, it is 
not necessary that plate current be cut off com-
pletely but only to the point where the rated 
dissipation is not exceeded. In this case plate-
modulated 'phone ratings should be used for 
c.w. operation, however. 

In Fig. 6-14F, bias is obtained from the volt-
age drop across a resistor in the cathode (or 
filament center-tap) lead. Protective bias is ob-

CHAPTER 6 

tamed by the voltage drop across R5 as a result 
of plate (and screen) current flow. Since plate 
current must flow to obtain a voltage drop across 
the resistor, it is obvious that cut-off protective 
bias cannot be obtained by this system. When 
excitation is applied, plate (and screen) current 
increases and the grid current also contributes to 
the drop across Rb, thereby increasing the bias to 
the operating value. Since the voltage between 
plate and cathode is reduced by the amount of 
the voltage drop across Rb, the over-all supply 
voltage must be the sum of the plate and operat-
ing-bias voltages. For this reason, the use of 
cathode bias usually is limited to low-voltage 
tubes when the extra voltage is not difficult to 
obtain. 
The resistance of the cathode biasing resistor 

Rb should be adjusted to the value which will give 
the correct operating bias voltage with rated 
grid, plate and screen currents flowing with the 
amplifier loaded to rated input. When excitation 
is removed, the input to most types of tubes will 
fall to a value that will prevent damage to the 
tube, at least for the period of time required to 
remove plate voltage. 
A disadvantage of this biasing system is that 

the cathode r.f. connection to ground depends 
upon a by-pass condenser. From the consideration 
of v.h.f. harmonics and stability with high-
perveance tubes, it is preferable to make the 
cathode-to-ground impedance as close to zero as 
possible. 
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Fig. 6-14 — Various systems for obtaining protective and operating bias for r.f. amplifiers. A — Grid-leak. B — Bat. 
tery. C — Combination battery and grid leak. 1-.) — Grid leak and adjusted-voltage bias pack. E — Combination 
grid leak and voltage.regulated pack. F — Cathode bias. 



HIGH-FREQUENCY TRANSMITTERS 141 

Protecting Screen- Grid Tubes 

Screen-grid tubes cannot be cut off with bias 
unless the screen is operated from a fixed-voltage 
supply. In this case the cut-off bias is approxi-
mately the screen voltage divided by the amplifi-
cation factor of the screen. This figure is not 
always shown in tube-data sheets, but cut-off 
voltage may be determined from an inspection 
of tube curves, or by experiment. 
When the screen is supplied from a series 

dropping resistor, the tube can be protected by 
the use of a screen-damper tube, as shown in 
Fig. 6-15. The grid- leak bias of the amplifier tube 
with excitation is applied also to the grid of the 
clamper tube. This is usually sufficient to cut off 
the damper tube. However, when excitation is 
removed, the clamper-tube bias falls to zero and 
it draws enough current through the screen drop-
ping resistor usually to limit the input to the 
amplifier to a safe value. If complete screen-
voltage cut-off is desired, a VR tube may be 
inserted in the screen lead as shown. The VR-
tube voltage rating should be high enough so 
that it will extinguish when excitation to the 
amplifier is removed. One VR tube should be 
used for each 40 ma. of screen current, other 
tubes being added in parallel if needed. 

Screen Considerations 

Since the power taken by the screen does not 
contribute to the r.f. output, it is dissipated en-
tirely in heating the screen, so the dissipation 
can be calculated simply by multiplying the 
screen voltage by the screen current. 

It should be kept in mind that screen current 
varies widely with both excitation and loading. 
If the screen is operated from a fixed-voltage 
source, the tube should never be operated without 
plate voltage and load, otherwise the screen may 
be damaged within a short time. Supplying the 
screen through a series dropping resistor from a 
higher-voltage source, such as the plate supply, 
affords a measure of protection, since the re-
sistor causes the screen voltage to drop as the 
current increases, thereby limiting the power 
drawn by the screen. However, with a resistor, 
the screen voltage may vary considerably with 
excitation, making it necessary to check the 
voltage at the screen terminal under actual 
operating conditions to make sure that the screen 
voltage is normal. Reducing excitation will cause 
the screen current to drop. increasing the voltage; 
increasing excitation will have the opposite 
effect. These changes are in addition to those 
caused by changes in bias and plate loading, so 
if a screen-grid tube is operated from a series 
resistor or a voltage divider, its voltage should be 
checked as one of the final adjustments after 
excitation and loading have been set. 
An approximate value of resistance for the 

screen-voltage dropping resistor may be obtained 
by dividing the voltage drop required from the 
supply voltage (difference between the supply 
voltage and rated screen voltage) by the rated 
screen current in decimal parts of an ampere. 
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6.3v. +5.G. 
Fig. 6-15 — Screen elamper circuit for protecting screen-
grid power tubes. The VR tube is needed only for com-
plete cut-off. 
Ci — 0.001-pfd. disk ceramic. Ri — 100 ohms. 

Some further adjustment may be necessary, as 
mentioned above, so an adjustable resistor with a 
total resistance above that calculated should be 
provided. 

• FEEDING EXCITATION 
TO THE GRID 

In coupling the grid input circuit of an ampli-
fier to the output circuit of a driving stage the 
objective is to load the driver plate circuit so that 
the desired amplifier grid excitation is obtained 
without exceeding the plate-input ratings of the 
driver tube. 

As explained earlier, the grid of a Class C 
amplifier must be driven positive in respect to 
cathode over a portion of the excitation cycle, and 
rectified grid current flows in the grid-cathode 
circuit. This represents an average resistance 
across which the exciting voltage must be de-
veloped by the driver stage. In other words, this 
is the load resistance into which the driver plate 
circuit must be coupled. The approximate grid 
input resistance is given by: 

Input iinpedance (ohms) 

driving power (watts)  
X 622 X 103. 

d.c. grid current (ma.)2 

For normal operation, the values of driving power 
and grid current may be taken from the tube 
tables. 

Since the grid input resistance is a matter of a 
few thousand ohms, an impedance step-down is 
necessary if the grid is to be fed from a low-
impedance transmission line. This can be done 
by the use of a tank as an impedance-transform-
ing device in the grid circuit of the amplifier as 
shown in Fig. 6-16. This coupling system may be 
considered either as simply a means of obtaining 
mutual inductance between the two tank coils, 
or as a low-impedance transmission line. If the 
line is longer than a small fraction of a wave-
length, and if a s.w.r. bridge is available, the line 
is more easily handled by adjusting it as a 
matched transmission line. 
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Inductive Link Coupling with Flat Line 

In adjusting this type of line, the object is to 
make the s.w.r. on the line as low as possible 
over as wide a band of frequencies as possible so 
that power can be transferred over this range 
without retuning. It is assumed that the output 
coupling considerations discussed earlier have 
been observed in connection with the driver plate 
circuit. So far as the amplifier grid circuit is 
concerned, the controlling factors are the Q of 
the tuned grid circuit, L2C2, (see Fig. 6-17) the 
inductance of the coupling coil, L4, and the de-
gree of coupling between L2 and L4. Variable 
coupling between the coils is convenient, but not 
strictly necessary if one or both of the other 
factors can be varied. An s.w.r. indicator (shown 
as "SWR" in the drawing) is essential. An indi-
cator such as the " Micromatch" (a commercially 
available instrument) may be connected as shown 
and the adjustments made under actual operating 
conditions; that is, with full power applied to 
the amplifier grid. 
Assuming that the coupling is adjustable, 

start with a trial position of L4 with respect to 
L2, and adjust C2 for the lowest s.w.r. Then 
change the coupling slightly and repeat. Con-
tinue until the s.w.r, is as low as possible; if the 
circuit constants are in the right region it should 
not be difficult to get the s.w.r, down to 1 to 1. 
The Q of the tuned grid circuit should be designed 
to be at least 10, and if it is not possible to get a 
very low s.w.r. with such a grid circuit the prob-
able reason is that L4 is too small. Maximum 
coupling, for a given degree of physical coupling 
between the two coils, will occur when the in-
ductance of L4 is such that its reactance at the 
operating frequency is equal to the character-
istic impedance of the link line. The reactance 
can be calculated as described in the chapter on 
electrical fundamentals if the inductance is 
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Fig. 6-17 — Chart showing required grid tank capaci-
tance for a Q of 12. To use, divide the driving power in 
watts by the square of the d.c. grid current in milliam-
peres and proceed as described under Fig. 6-9. Driving 
power and grid current may be taken from the tube 
tables. V. hen a split-stator condenser is used in a bal-
anced grid circuit, the capacitance of each section may 
be half that shown by the chart. 

known; the inductance can either be calculated 
from the formula in the same chapter or measured 
as described in the chapter on measurements. 
Once the s.w.r. has been brought down to I to 

1, the frequency should be shifted over the band 
so that the variation in s.w.r. can be observed, 
without changing C1 or the coupling between L2 

and L4. If the s.w.r. rises rap-
idly on either side of the origi-
nal frequency the circuit can 
be made " flatter" by reducing 
the Q of the tuned grid circuit. 

Fig. 6-16 — Coupling excitation to he grid of an r.f. power amplifier by means 
of a low-impedance coaxial line 

Cu, Ca, Lu, l.a — See corresponding components in Fig. 6-7. 
Ca — Amplifier grid tank condenser — see text and Fig. 6-17 for capacitance, 

Fig. 6-30 for voltage rating. 
C.4 — 0.001-ad. disk ceramic. 

—'fo resonate at operating frequency with Ca. See LC chart in miscellane-
ous-data chapter and inductance formula in electrical-laws chapter, 
or use AR RL Lightning Calculator. 

— Reactance equal to line impedance — see reactance chart in miscel-
laneous-data chapter and inductance formula in electrical-laws chap-
ter, or use AR It L Lightning Calculator. 

R is used to simulate grid impedance of the amplifier when a low-power 
s.w.r. indicator, such as a resistance bridge, is used. See formula in text for 
calculating value. Standing-wave indicator SWR is inserted in line only while 
line is made flat. 

This may be done by decreas-
ing C2 and correspondingly 
increasing L2 to maintain reso-
nance, and by tightening the 
coupling between L2 and L4, 
going through the same ad-
justment process again. It is 
possible to set up the system 
so that the s.w.r. will not ex-
ceed 1.5 to 1 over, for example, 
the entire 7-Mc. band and pro-
portionately on other bands. 
Under these circumstances a 
single setting will serve for 
work anywhere in the band, 
with essentially constant 
power transfer from the line 
to the power-amplifier grids. 

If the coupling between L2 
and L4 is not adjustable the 
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same result may be secured by varying the L/C 
ratio of the tuned grid circuit — that is, by 
varying its Q. If any difficulty is encountered it 
can be overcome by changing the number of 
turns in L4 until a match is secured. The two 
coils should be tightly coupled. 
When a resistance-bridge type s.w.r. indicator 

(see measuring-equipment chapter) is used it is 
not possible to put the full power through the 
line when making adjustments. In such case the 
operating conditions in the amplifier grid circuit 
can be simulated by using a carbon resistor ( AI or 
1 watt size) of the same value as the calculated 
amplifier grid impedance, connected as indicated 
by the arrows in Fig. 6-16. In this case the 
amplifier tube must be operated " cold" — with-
out filament or heater power. The adjustment 
process is the same as described above, but with 
the driver power reduced to a value suitable for 
operating the s.w.r. bridge. 
When the grid coupling system has been ad-

justed so that the s.w.r. is close to 1 to 1 over the 
desired frequency range, it is certain that the 
power put into the link line will be delivered to 
the grid circuit. Coupling will be facilitated if 
the line is tuned as described under the earlier 
section on output coupling systems. 

Link Feed with Unmatched Line 

When the system is to be treated without re-
gard to transmission-line effects, the link line 
must not offer appreciable reactance at the 
operating frequency. Unless the constants happen 
to tune the link near resonance, any appreciable 
reactance, inductive or capacitive, will in effect 
reduce the coupling, making it impossible to 
transfer sufficient power from the driver to the 
amplifier grid circuit. Coaxial cables especially 
have considerable capacitance for even short 
lengths and for this reason it may be more de-
sirable to use a spaced line, such as Twin-Lead, if 
the radiation can be tolerated. 
The reactance of the line can be nullified only 

by making the link resonant. This may require 
changing the number of turns in the link coils, 
the length of the line, or the insertion of a tuning 
capacitance. The disadvantages of such a reso-
nant link are obvious. Since the s.w.r. on the 
link line may be quite high, the line losses in-
crease because of the greater current, the voltage 
increase may be sufficient to cause a break-down 
in the insulation of the cable and the added tuned 
circuit makes adjustment more critical with rela-
tively small changes in frequency. 
These troubles may not be encountered if the 

link line is kept very short for the highest fre-
quency. A length of 5 feet or more may be 
tolerable at 3.5 Mc., but a length of a foot at 28 
Mc. may be enough to cause serious effects on 
the functioning of the system. 

Adjusting the coupling in such a system de-
pends so much on the dimensions of the link line 
used that it must necessarily be largely a matter 
of cut and try. If the line is short enough so as 
to have negligible reactance, the coupling be-
tween the two tank circuits will increase within 

limits by adding turns to the link coils, maintain-
ing as close as possible equal inductances in each 
coil, or by coupling the link coils more tightly, if 
possible, to the tank coils. If it is impossible to 
change either of these, a variable condenser of 
300 ispfd. may be connected in series with or in 
parallel with the link coil at the driver end of the 
line, depending upon which connection is the 
most effective. If coaxial line is used, the con-
denser should be connected in series with the 
inner conductor. If the line is long enough to 
have appreciable reactance, the variable con-
denser is used to resonate the entire link' circuit. 
As mentioned previously, the size of the link 
coils and the length of the line, as well as the 
size of the condenser, will affect the resonant 
frequency and it may take an adjustment of all 
three before the condenser will show a pro-
nounced effect on the coupling. When the system 
has been made resonant, coupling may be ad-
justed by varying the link condenser. 

Simple Capacitive Interstage Coupling 

The capacitive system of Fig. 6-18A is the sim-
plest of all coupling systems. (See Fig. 6-8 for 
filament-type tubes.) In this circuit, the plate 
tank circuit of the driver, CiLi, serves also as 
the grid tank of the amplifier. Although, it is used 
more frequently than any other system, it is less 
flexible and has certain limitations that must be 
taken into consideration. 
The two stages cannot be separated physically 

any appreciable distance without involving loss 
in transferred power, radiation from the coupling 
lead and the danger of feed-back from this lead. 
Since both the output capacitance of the driver 
tube and the input capacitance of the amplifier 
are across the single circuit, it is sometimes diffi-
cult to obtain a tank circuit with a sufficiently 
low Q to provide an efficient circuit at the higher 
frequencies. The coupling can be varied by 
altering the capacitance of the coupling con-
denser, C2, but no impedance transforming is 
possible. The driver load impedance is the sum 
of the amplifier grid resistance and the reactance 
of the coupling condenser in series, the coupling 
condenser serving simply as a series reactor. 
Driver load resistance increases with a decrease 
in the capacitance of the coupling condenser. 
When the amplifier grid impedance is lower 

than the optimum load resistance for the driver, 
a transforming action is possible by tapping the 
grid down on the tank coil, but this is not 
recommended because it invariably causes an 
increase in v.h.f. harmonics and sometimes sets 
up a parasitic circuit. 
So far as coupling is concerned, the Q of the 

circuit is of little significance. However, the other 
considerations discussed earlier in connection 
with tank-circuit Q should be observed. 

Pi-Section Tank as Interstage Coupler 

A pi-section tank circuit, as shown in Fig. 
6-18B, may be used as a coupling device between 
screen-grid amplifier stages. The circuit is actu-
ally a capacitive coupling arrangement with the 
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grid of the amplifier tapped down on the circuit 
by means of a capacitive divider. In contrast to 
the tapped-coil method mentioned previously, 
this system will be very effective in reducing 
v.h.f. harmonics, because the output condenser, 
Cg, provides a direct capacitive shunt for har-
monics across the amplifier grid circuit. 
To be most effective in reducing v.h.f. har-

monies, Cg should be a mica condenser connected 
directly across the tube-socket terminals. Tap-
ping down on the circuit in this manner also 
helps to stabilize the amplifier at the operating 
frequeney because of the grid-circuit loading 
provided by Cg. For the purposes both of sta-
bility and harmonic reduction, experience has 
shown that a value of 100 add. for Cg usually is 
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Fig. 6-19 — Circuit of sensitive neutralizing indicator. 
Xtuf is a 1N34 crystal det.tr, 11 1 a0-1 direct-current 
milliammeter and Ca 0.00 l mica by-pass condenser. 

sufficient. In general, C7 and L2 should have 
values approximating the capacitance and in-
ductance used in a conventional tank circuit. 
A reduction in the inductance of L2 results in an 
increase in coupling because C7 must be in-

creased to retune the circuit to reso-
nance. This changes the ratio of C7 to 
Cg and has the effect of moving the grid 
tap up on the circuit. Since the coupling 
to the grid is comparatively loose under 
any condition, it may be found that it is 
impossible to utilize the full power ca-
pability of the driver stage. If sufficient 
excitation cannot be obtained, it may be 
necessary to raise the plate voltage of 
the driver, if this is permissible. Other-
wise a larger driver tube may be re-
quired. As shown in Fig. 6-18B, parallel 
driver plate feed and amplifier grid feed 
are necessary. 

Fig. 6-18 — Capacitive-coupled amplifiers. A — Simple capacitive 
coupling. 11 — Pi-section coupling. 
Ci — Driver plate tank condenser — see text and Fig. 6-7 for ca-

pacitanee, Fig. 6-29 for voltage rating. 

C2 — Coupling condenser — 50 to 150 add. mica, as necessary 
for desired coupling. Voltage rating sum of driver plate 
and amplifier biasing voltages, plus safety factor. 

C3 — Driver plate bypass condenser — 0.001-dd. disk ceramic 
or mica. Voltage rating same as plate voltage, plus safety 
factor. 

— Grid by -pass — 0.001-afd. disk ceramic. 
CS — Heater by-pass — 0.001-afd. disk ceramic. 
CS — Driver plate blocking condenser — 0.001-pfd. disk ceramic 

or mica. Voltage rating same as C2. 

C7 — Pi-section input condenser — see text and Fig. 6-9 for ca. 
paeitance. Voltage rating same as 

CS — Pi-section output condenser — 100-amfd. mica. Voltage 
rating same as driver plate voltage plus safety factor. 

Li — To resonate at operating frequency with CI. See LC chart in 
miscellaneous-data chapter and inductance formula in 
electrical-laws chapter, or use A RR I. Lightning Calculator. 

L2 — Pi-section inductance — See text. Approximately same as Li. 

RFC' — Grid r.f. choke — 2.5-mh. Current rating minimum of 
grid-current to be expected. 

RFC2 — Driver plate r.f. choke — 2.5 mh. Current rating mini-
mum of plate current expected. 

• STABILIZING AMPLIFIERS 
External Coupling 

A straight amplifier operates with its 
input and output circuits tuned to the 
same frequency. Therefore, unless the 
coupling between these two circuits is 
brought to the necessary minimum, the 
amplifier will oscillate as a tuned-plate 
tuned-grid circuit. Care should be used 
in arranging components and wiring of 
the two circuits so that there will be 
negligible opportunity for coupling ex-
ternal to the tube itself. Complete 
shielding between input and output cir-
cuits usually is required. All r.f. leads 
should be kept as short as possible and 
particular attention should be paid to 
the r.f. return paths from plate and grid 
tank circuits to cathode. In general, 
the best arrangement is one in which 
the cathode (or filament center tap) 
connection to ground, and the plate 
tank circuit are on the same side of the 
chassis or other shielding. Then the 
"hot" lead from the grid tank (or driver 
plate tank) should be brought to the 
socket through a hole in the shielding. 
Then when the grid tank condenser, or 
by-pass is grounded, a return path 
through the hole to cathode will be en-
couraged, since transmission-line char-
acteristics are simulated. 
A check on external coupling between 
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input and output circuits can be made with a 
sensitive indicating device, such as the one dia-
grammed in Fig. 6-19. The amplifier tube is le-
moved from its socket and if the plate terminal is 
at the socket, it should be disconnected. With the 
driver stage running and tuned to resonance, 
the indicator should be coupled to the output 
tank coil and the output tank condenser tuned 
for any indication of r.f. feed-through. Experi-
ment with shielding and rearrangement of parts 
will show whether the isolation can be improved. 

Neutralizing Circuits 

The plate-grid capacitance of screen-grid tubes 
is reduced to a fraction of a micro-microfarad by 
the interposed grounded screen. Nevertheless, 
the power sensitivity of these tubes is so great 
that only a very small amount of feed-back is 
necessary to start oscillation. To assure a stable 
amplifier, it is usually necessary to load the 
grid circuit, or to use a neutralizing circuit. A 
neutralizing circuit is one external to the tube 
that balances the voltage fed back through the 
grid-plate capacitance, by another voltage of 
opposite phase. 

Fig. 6-20A shows how a screen-grid am-
plifier may be neutralized by the use of an 
inductive link line coupling the input and output 
tank circuits in proper phase. The two coils 
must be properly polarized. If the initial connec-
tion proves to be incorrect, connections to one 
of the link coils should be reversed. Neut ralizing 
is adjust ed by cha nging I he distance between the 
link coils and the tank coils, once correct polari-
zation has been determined. A wrong connection 
will cause the amplifier to oscillate still more 
strongly. In the ease of capacitive coupling, one 
of the link coils will be coupled to the plate tank 
coil of the driver stage. 
A capacitive neutralizing system for screen-

grid tubes is shown in Fig. 6-2013. C2 is the 
neutralizing condenser. The capacitance should 
be chosen so that at some adjustment of C2, the 
ratio of C2 to C1 equals the ratio of the tube 
grid-plate capacitance to the grid-cathode capac-
itance. If CI is 0.001 pfd., then 

1000 Cg,,, 
C2 = 

Cgk 

The grid-cathode capacitance must include al 
strays directly across the tube capacitance, in-
cluding the capacitance of the tuning-condenser 
stator to ground. This may amount to 5 to 20 
jimfd. In the case of capacitance coupling, as 
shown in Fig. 6-20C, the output capacitance of 
the driver tube must be added to the grid-
cathode capacitance of the amplifier in arriving 
at the value of C2. If C2 works out to an im-
practically large or small value, Clean be changed 
to compensate by using combinations of fixed 
mica condensers in parallel. 

Neutralizing Adjustment 

The procedure in neutralizing is essentially 
the same for all types of tubes and circuits. 

The filament of the amplifier tube should be 
lighted and excitation from the preceding stage 
fed to the grid circuit. There should be no plate 
voltage applied to the amplifier. 
The immediate objective of the neutralizing 

process is reducing to a minimum the r.f. driver 
voltage fed from the input of the amplifier to 
its output circuit through the grid-plate capac-
itance of the tube. This is done by adjusting 
carefully, bit by bit, the neutralizing condenser 
or link coils until an r.f. indicator in the output 
circuit reads minimum. 

trIp(--ifs A 
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Fig. 6-20 — Screen-grid neutralizing circuits. A — In-
ductive neutralizing. 11-C — Capacitive neutralizing. 

Ci — Grid by-pass condenser — approx. 0.001-gfd. 
mica. Voltage rating same as biasing voltage in 
13, same as driver plate voltage in C. 

Ca — Neutralizing condenser — approx. 2 to 10 iodd. 
— see text. Voltage rating same as amplifier 
plate voltage for c.w., twice this value for plate 
modulation. 

14, L2 — Neutralizing link — usually a turn or two will 
be sufficient. 
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The device shown in Fig. 6-19 makes a sensitive 
neutralizing indicator. The link should be coupled 
to the output tank coil at the low-potential or 
"ground" point. Care should be taken to make 
sure that the coupling is loose enough at all 
times to prevent burning out the meter or the 
rectifier. The plate tank condenser should be 
readjusted for maximum reading after each 
change in neutralizing. 
A simple indicator is a flashlight bulb (the 

lower the power the more sensitive) connected at 
the center of a turn or two of wire coupled to the 
tank coil at the low-potential point. However, its 
sensitivity is poor compared with the milliam-
meter-rec ti tier. 
The grid-current milliammeter may also be 

used as a neutralizing indicator. If the ampli-
fier is not neutralized, there will be a large dip 
in grid current as the plate-tank tuning passes 
through resonance. This dip in grid current re-
duces as neutralization is approached until at 
exact neutralization all change in grid current 
should disappear. 
When neutralizing an amplifier of medium or 

high power, it may not be possible to bring the 
reading of the rectifier indicator down to zero, 
but a minimum point in the adjustment of the 
neutralizing control should he found where higher 
readings are obtained on either side. 

Grid Loading 

The use of a neutralizing circuit may often be 
avoided by loading the grid circuit if the driving 
stage has some power capability to spare. Load-
ing by tapping the grid down on the grid tank 
coil (or the plate tank coil of the driver in the 
case of capacitive coupling), or by a resistor from 
grid to cathode is effective in stabilizing an 
amplifier, but either device will increase v.h.f. 
harmonics. The best loading system is the use of 
a pi-section filter, as shown in Fig. 6-18B. This 
circuit places a capacitance direct ly between grid 
and cathode. This not only provides the desirable 

(A) (3) 

(C) 

Fig. 6.21— A — Usual parasitic circuit. B — Resistive 
loading of parasitic circuit. C — Inductive coupling of 
loading resistance into parasitic circuit. 

loading, but also a very effective capacitive short 
for v.h.f. harmonics. A 100-add. mica condenser 
for C5, wired directly between tube terminals 
will provide sufficient loading for most screen-
grid tubes. 

V.H.F. Parasitic Oscillation 

Unless steps are taken to prevent it, parasitic 
oscillation in the v.h.f, range will take place in 
almost every r.f. power amplifier. The heavy lines 
of Fig. 6-21A show the usual parasitic tank cir-
cuit, which resonates, in most cases, between 150 
and 200 Mc. For each type of tetrode, there is a 
region, usually above the parasitic frequency, in 
which the tube will be self-neutralized. There-
fore, a v.h.f. parasitic oscillation may be sup-
pressed by adding sufficient inductance, 1,5, to 
tune the circuit into this region. However, to 
avoid TVI, the self-neutralizing frequency must 
not be above 100 Mc., preferably 120 Mc. When 
it is lower, the circuit must be limited to 100 or 
120 Mc. and the parasitic suppressed by loading 
the circuit with resistance, le,. A coil of 4 Gr 
5 turns, 1% inch in diameter, is a good starting 
size. With the tank condenser turned to maxi-
mum capacitance, the circuit should be checked 
with a g.d.o. to make sure the resonance is above 
100 Mc. Then, with the shortest possible leads, 
a noninductive 100-ohm 1-watt resistor should be 
connected across the entire coil. The amplifier 
should be tuned up to its highest-frequency band 
and operated at low voltage. The tap should be 
moved a little at a time to find the minimum 
number of turns required to suppress the para-
sitic. Then voltage should be increased until the 
resistor begins to feel warm after several minutes 
of operation, and the power input noted. This 
input should be compared with the normal input 
and the power rating of the resistor increased by 
this proportion; i.e., if the power is half normal, 
the wattage rating should be doubled. This in-
crease is best made by connecting 1-watt carbon 
resistors in parallel to give a resultant of about 
100 ohms. As power input is increased, the para-
sitic may start up again, so power should be 
applied only momentarily until it is made cer-
tain that the parasitic is still suppressed. If the 
parasitic starts up again when voltage is raised, 
the tap must be moved to include more turns. 
So long as the parasitic is suppressed, the re-
sistors will heat up only from the operating-
frequency current. 

Since the resistor can be placed across only that 
portion of the parasitic circuit represented by L,„ 
the latter should form as large a portion of the 
circuit as possible. Therefore, the tank and by-
pass condensers should have the lowest possible 
inductance and the leads shown in heavy lines 
should be as short as possible and of the heaviest 
practical conductor. This will permit L, to be of 
maximum size without tuning the circuit below 
the 100-Mc. limit. 

Another arrangement that has been used suc-
cessfully is shown in Fig. 6-21C. A small turn 
or two is inserted in place of Lp and this is cou-
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pled to a circuit tuned to 
the parasitic frequency and 
loaded with resistance. The 
heavy-line circuit should 
first be checked with a g.d.o. 
Then the loaded circuit ¡"put 
should be tuned to the same 
frequency and coupled in to 
the point where the parasitic 
ceases. The two coils can be 
wound on the same form 
and the coupling varied 
by sliding one of them. 
Slight retuning of the 
loaded circuit may be re-
quired after coupling. Start 
out with low power as be-
fore, until the parasitic is 
suppressed. Since the loaded 
circuit in this case carries 
much less operating-fre-
quency current, a single 
100-ohm 1-watt resistor 
will often be sufficient and 
a 30-µµfd. mica trimmer 
should serve as the tuning 
condenser, Cp. 

Low-Frequency Para-
sitic Oscillation 

The screening of most 
transmitting screen-grid 
tubes is sufficient to pre-
vent low-frequency para-
sitic oscillation caused by 
resonant circuits set up by 
r.f. chokes in grid and plate 
circuits. Should this type 
of oscillation (usually be-
tween 1200 and 200 kc.) 
occur, see section under 
triode amplifiers. 

• PARALLEL-TUBE 
AMPLIFIERS 

The circuits for parallel-
tube amplifiers are the 
same as for a single tube, 
similar terminals of the 
tubes being connected to-
gether. The grid imped-
ance of two tubes in par-
allel is half that of a single 
tube. This means that 
twice the grid tank capaci-
tance shown in Fig. 6-17 
should be used for the same 
Q. The plate load resist-
ance is halved so that the 
plate tank condenser ca-
pacitance for a single tube 
(Fig. 6-9) also should be 
doubled. The total grid cur-
rent will be doubled, so to 
maintain the same grid 
bias, the grid-leak resist-
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Fig. 6-22 — Push-pull screen-grid amplifier circuits. 
A — Inductive-link coupling. 13 — Capacitive coupling. 

— Split-stator grid tank condenser — see text and Fig. 6-17 for capacitance, 
Fig. 6-30 for voltage rating. 

Ca -- Split-stator plate tank condenser — see text and Fig. 6-9 for capacitance 
Fig. 6-29 for voltage rating. 

C9 — Grid by-pass condenser — 0.001-dd. disk ceramic. 
Ca -- Filament by-pass — 0.001-dd. disk ceramic. 

Cs, C7 Screen by-pass — 0.001-dd. disk ceramic or m ica. Voltage rating de-
pends on maximum voltage to which screen may soar, depending on how 
it is supplied. Voltage rating equal to plate voltage will be safe in any case. 

Cg — Plate by-pass — 0.001-pfd. disk ceramic or mica. Voltage rating same as 
plate voltage for c.w.; twice this value for plate modulation, plus safety 
factor. 

Co — Driver plate tank condenser — see section on simple capacitive coupling 
with single tube. For same Q, each section should have half the capaci-
tance shown in Fig. 6-9. Voltage rating of each section should be twice d.c. plate voltage of driver. 

Cio, Cu — Coupling condenser — 50- to 150-gpfd. mica. Voltage rating twice 
driver plate voltage. 

C12 — 0.001-afd. disk ceramic or mica. Voltage rating same as plate voltage plus safety factor. 
C13 — See text. 

Li, L2 — To resonate at operating frequency. See LC chart in miscellaneous-data 
chapter and inductance formula in electrical-laws chapter, or use ARM. Lightning Calculator. 

Lity Li — Coupling links — reactance equal to feed-line impedance. See reactance 
chart in miscellaneous-data chapter and inductance formula in electrical. 
laws chapter. 

1.4, La — Neutralizing links — usually a turn or two will be sufficient 
RFC' — 2.5-mh. r.f. choke, to carry grid current. 
RFC2— 2.5-mh, r.f. choke to carry plate current. 
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ance should be half that used for a single tube. 
The required driving power is doubled. The ca-
pacitance of a neutralizing condenser, if used, 
should be doubled and the value of the screen 
dropping resistor should be cut in half. In treating 
parasitic oscillation, it may be necessary to use 
individual chokes in each plate and grid lead. 
rather than one in the common leads. Input and 
output capacitances are doubled, which may be 
a factor in efficient operation at higher fre-

quencies. 

• PUSH-PULL AMPLIFIERS 
Circuits for push-pull amplifiers are shown in 

Fig. 6-22. With this arrangement both grid-
input impedance and optimum plate load re-
sistance are doubled. For the same Q, each 
section of the split-stator tank condensers should 
have half the capacitance for a single tube 
drawing the same total plate current and having 
the same grid impedance shown by Figs. 6-9 and 
6-17. This means that the total tank-circuit 
capacitance is one-quarter that for a single tube 
and that the inductances of the tank coils must 
be quadrupled to resonate at the same frequency. 
Other values remain the same, except that the 
total grid, screen and plate currents will be 
twice the values for a single tube and the stage 
will require twice the driving power. 

In Fig. 6-22A, inductive link coupling is shown. 
The neutralizing circuit is shown in heavy lines 
and may not be necessary. Fig. 6-22B shows 
capacitive coupling to the grids. The driver in 
this case must be provided with a balanced 
output circuit. To maintain balanced excitation, 
it may be necessary to place Cia, shown in dashed 

Fig. 6.23 — Connections for 
tubes in push-pull when fila-
ment-types are used. The 
by-pass condensers, CI, 
should he 0.001-mfd. disk 
ceramic, one placed close to 
each filament terminal. T1 
is the filament transformer. 

115 V. A.C. 

lines, across the lower portion of the circuit to 
balance the driver-tube output capacitance across 
the upper half. The remainder of circuit B is the 
same as A. If a neutralizing link is needed, it 
should be coupled at the center of the driver 
plate tank coil. 

It is advisable to use separate screen and 
beater by-pass condensers, especially when TVI 

CHAPTER 6 

is a factor. Fig. 6-23 shows equivalent " cathode" 
connections to be substituted when filament-type 
tubes are used. Also, individual v.h.f. parasitic 
chokes will be necessary. 

Balance in Push-Pull Amplifiers 

Proper push-pull operation requires an ac-
curate balance between the two sides of the 
circuit. Otherwise the dissipation will not be 
distributed evenly between the two tubes, 
one being overloaded if an attempt is made to 
operate the amplifier at full rating. Unbalance 
is indicated when the grid and/or plate cur-
rents are not equal and, if serious, is accompa-
nied by a visible difference in the color of the 
tube plates. If interchanging the tubes does 
not change the unbalance, the circuit is not 
symmetrical electrically. 

If the coil center-tap in split-stator tank cir-
cuits is sufficiently well-isolated from ground, 
the balance will depend upon the accuracy of 
capacitance balance in the tank condensers, 
the length of leads connecting the tubes to the 
condenser (including the return lead from rotor 
to filament) and the settings of the neutraliz-
ing condensers. Unbalance in the plate circuit 
will seldom influence the balance in the grid 
circuit, but the opposite may not be true. Length-
ening one or the other of the leads between the 
tubes and the tank condenser will alter the bal-
ance, particularly in the plate circuit. In ex-
tremes it may be necessary to place a trimmer 
across one section of the split-stator condenser. 
Small differences often may be taken care of by 
a readjustment of the neutralizing condensers, 
possibly to slightly unequal settings. Otherwise, 
the neutralizing condensers are adjusted to-
gether, keeping the capacitances as equal as 
possible at each step. 

• FREQUENCY MULTIPLIERS 
Single-Tube Multiplier 

Output at a multiple of the frequency at 
which it is being driven may be obtained from 
an amplifier stage if the output circuit is tuned 
to a harmonic of the exciting frequency instead 
of to the fundamental. Thus, when the fre-
quency at the grid is 3.5 Mc., output at 7 Mc., 
10.5 Mc., 14 Mc., etc., may be obtained by 
tuning the plate tank circuit to one of these 
frequencies. The circuit otherwise remains the 
same as that for a straight amplifier, although 
some of the values and operating conditions 
may require change for maximum multiplier 
efficiency. 

Efficiency in a single- or parallel-tube multi-
plier comparable with the efficiency obtainable 
when operating the same tube as a straight 
amplifier involves decreasing the operating 
angle in proportion to the increase in the order 
of frequency multiplication. Obtaining output 
comparable with that possible from the same 
tube as a straight amplifier involves greatly 
increasing the plate voltage. A practical limit 
as to efficiency and output within normal tube 
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ratings is reached when the multiplier is oper-
ated at maximum permissible plate voltage 
and maximum permissible grid current. The 
plate current should be reduced as necessary 
to limit the dissipation to the rated value by 
increasing the bias. High efficiency in multi-
pliers is not often required in practice, since 
the purpose is usually served if the frequency 
multiplication is obtained without an appreci-
able gain in power in the stage. 

Multiplications of four or five sometimes are 
used to reach the bands above 28 Me. from a 
lower-frequency crystal, but in the majority of 
lower-frequency transmitters, multiplication 
in a single stage is limited to a factor of two or 
three, because of the rapid decline in practi-
cably obtainable efficiency as the multiplica-
tion factor is increased. Screen-grid tubes make 
the best frequency multipliers because their 
high power-sensitivity makes them easier to 
drive properly than triodes. 

Since the input and output circuits are not 
tuned close to the same frequency, neutraliza-
tion usually will not be required. Instances 
may be encountered with tubes of high trans-
conductance, however, when a doubler will 
oscillate in t.g.t.p. fashion, requiring the intro-
duction of neutralization. The link neutralizing 
system of Fig. 6-20A is convenient in such a 
contingency. 

Push-Pull Multiplier 

A single- or parallel-tube multiplier will de-
liver output at either even or odd multiples of 
the exciting frequency. A push-pull multiplier 
does not work satisfactorily at even multi-
ples because even harmonics are largely can-
celed in the output. On the other hand, ampli-
fiers of this type work well as tripiers or at 
other odd harmonics. The operating require-
ments are similar to those for single-tube 
multipliers. 

Push-Push Multipliers 

A two-tube circuit which works well at even 
harmonies, but not at the fundamental or odd 
harmonies, is shown in Fig. 6-24. It is known as 
the push-push circuit. The grids are connected 
in push-pull while the plates are connected in 
parallel. The efficiency of a doubler using this 
circuit may approach that of a straight ampli-
fier under similar operating conditions, because 
there is a plate-current pulse for each cycle of 
the output frequency. 

This arrangement has an advantage in some 
applications. If the heater of one of the tubes is 
turned off, making the tube inoperative, its 
grid-plate capacitance, being the same as that 
of the remaining tube, serves to neutralize the 
circuit. Thus provision is made for either 
straight amplification at the fundamental with 
a single tube, or doubling frequency with two 
tubes as desired. 
The grid tank circuit is tuned to the frequency 

of the driving stage and should have the same 
constants as the grid tank circuit of a push-pull 
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-B.as tH V. 

Fig. 6-24 — Circuit of a push-push frequency multiplier 
for even harmonics. 
C114 and C21.2 — See text. 
C3 - Plate by-pass — 0.001-51d. disk ceramic or mica. 

Voltage rating equal to plate voltage plus 
safety factor. 

RFC — r.f. choke. 

amplifier (see Fig. 6-22). The plate tank circuit 
is tuned to an even multiple of the exciting fre-
quency, usually the second harmonic, and should 
have the same values as a straight amplifier for 
the harmonic frequency (see Fig. 6-9), bearing in 
mind that the total plate current of both tubes 
determines the C to be used. 

• TRIODE AMPLIFIERS 
Circuits for triode amplifiers are shown in 

Fig. 6-25. Neglecting references to the screen, 
all of the foregoing information applies equally 
well to triodes. All triode straight amplifiers must 
be neutralized, as Fig. 6-25 indicates. From the 
tube tables, it will be seen that triodes require 
considerably more driving power than screen-
grid tubes. However, they also have less power 
sensitivity, so that greater feed-back can be tol-
erated without the clanger of instability. 

Low-Frequency Parasitic Oscillation 

When r.f. chokes are used in both grid and 
plate circuits of a triode amplifier, the split-
stator tank condensers combine with the r.f. 
chokes to form a low-frequency parasitic circuit, 
unless the amplifier circuit is arranged to prevent 
it. In the circuit of Fig. 6-25B, the amplifier grid 
is series fed and the driver plate is parallel-fed. 
For low frequencies, the r.f. choke in the driver 
plate circuit is shorted to ground through the 
tank coil. In Figs. 6-25C and D, a resistor is sub-
stituted for the grid r.f. choke. This resistance 
should be at least 100 ohms. If any grid-leak re-
sistance is used for biasing, it should be substi-
tuted for the 100-ohm resistor. 

• 

• TUNING A TRANSMITTER 
Fig. 6-26 shows where milliammeters and volt-

meters may be connected to obtain desired read-
ings. Metering of all stages is usually not neces-
sary except for initial adjustments. After pre-
ceding stages have been adjusted for proper 
operating conditions, a transmitter can often be 
tuned up using only grid- and plate-current 
milliammeters in the final-amplifier circuit. 
While cathode metering often is used for rea-
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sons of safety to the operator and meter insula-
tion, it is frequently difficult to interpret read-
ings that are the resultant of three currents, one 
of which may be falling while the other two are 
increasing. Fig. 6-27 shows a commonly-used 
system for switching a single meter to read cur-
rent in any of several different circuits. The re-
sistors, R, are connected in the various circuits 
in place of the milliammeters shown in Fig. 6-26. 
Since the resistance of R is several times the in-
ternal resistance of the milliammeter, it will have 
no practical effect upon the reading of the meter 
itself. 
When the meter must read currents of widely 

differing values, a meter with a range sufficiently 
low to accommodate the lowest values of current 
to be measured may be selected. In the circuits 
in which the current will be above the scale of 
the meter, the resistance of R can be adjusted 
to a lower value which will give the meter read-
ing a multiplying factor. (See chapter on measure-
ments.) Care should he taken to observe proper 
polarity in making the connections between the 
resistors and the switch. 
The first step in adjusting each stage is to 

cheek for parasitic oscillation as discussed earlier. 
The second step is to adjust neutralizing if neu-
tralization is required. 
While it is usually possible to make all initial 

AMP. 
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tuning adjustments of low-power stages with 
plate voltage applied, it is preferable to discon-
nect the plate voltage until adjustments of ex-
citation have been made. Starting with the oscil-
lator, its output tank circuit should be resonated 
as indicated by a dip in the plate-current reading 
(see Fig. 6-3), or by a maximum reading of grid 
current to the following stage if it is coupled ca-
pacitively. Both readings should occur simul-
taneously. At this point, the frequency of the 
oscillator output should be checked with an 
absorption wavemeter to make sure that it is 
tuned to the desired band. If transmission-line 
coupling is used, the coupling to the grid of the 
amplifier should first be adjusted for minimum 
standing-wave ratio as described earlier. After 
this adjustment, the coupling at the oscillator 
end of the line only should be altered. If the 
amplifier grid current is much above rated value, 
the coupling to the oscillator should be reduced. 
Conversely, if the amplifier grid current is low, 
coupling should be increased. As the coupling is 
increased, the oscillator should draw more plate 
current and the dip at resonance should become 
less pronounced, as indicated in Fig. 6-3. If it is 
possible to increase the coupling to the point 
where the oscillator plate current is up to the 
rated value and yet the required grid current is 
not up to rated value, the biasing voltage should 
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6-25-- Triode amplifier circuits. A — Link coupling, single tube. B — Capacitive coupling, single tube. 
C — Link coupling, push-pull. D — Capacitive coupling, push-pull. Aside from the neutralizing circuits, which are 
mandatory with triodes, the circuits are the same as for screen-grid tubes, and should have the same values through-
out. The neutralizing condenser, CI, should have a capacitance somewhat greater than the grid-plate capacitance 
of the tube. Voltage rating should be twice the d.c. plate voltage for c.w., or four times for plate modulation, plus 
safety factor. The resistance RI should he at least 100 ohms and it may consist of part or preferably all of the grid 
leak. For other component values, see similar screen-grid diagrams. 
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Fig. 6-26 — Diagrams showing placement of voltmeter and mil-
liammeter to obtain desired measurements. A — Series grid feed, 
parallel plate feed and series screen voltage-dropping resistor. 
B — Parallel grid feed, series plate feed and screen voltage divider. 

be measured with a high-resistance (20,000 ohms 
per volt) voltmeter. If the stage has a simple 
biasing resistor from grid to ground, connect a 
2.5-mh. r. f. choke in series with the voltmeter 
prod going to the grid. The bias should be meas-
ured with the stage operating under excitation. 
If the biasing voltage measures too high, any 
fixed bias should be reduced and then, if neces-
sary, the grid-leak resistance. If the driver is 
operating up to rated plate current and rated 
grid current cannot be obtained with the re-
quired bias, the indication is that the screen 
and/or plate voltage of the oscillator must be 
raised if this can be done with safety to the oscil-
lator tube. However, it should be borne in mind 
that even if an intermediate stage is under-
driven, it still may furnish the required driving 
power for the following stage. Therefore, it is, 
of course, advisable to check this before making 
any drastic changes in the oscillator. 
The same process is followed in tuning up fol-

lowing amplifier stages, step by step. If there is 
any difficulty in obtaining the desired excitation 
to any particular stage, be sure that the screen 
voltage of the driver stage is up to normal as dis-
cussed earlier in the section on screen-grid con-

CKT. 

siderations. If the excitation is adjusted 
first without plate and screen voltages 
it may be found that the grid current 
will change when these voltages are ap-
plied and the stage is loaded. It is nor-
mal for grid current to drop somewhat 
when these voltages are applied and 
still further when the load is coupled, 
especially with triodes. When this oc-
curs, excitation should be increased, to 
bring the grid current back to rated value. 

If it is found that grid current in-
creases when the plate tank circuit is 
tuned slightly to the high-frequency 
side of resonance, this indicates regener-
ation. This may be of little consequence 
in exciter stages so long as oscillation 
does not result under any normal tuning 
condition. But in the final amplifier, 
especially if it is to be modulated, it is a 
condition to be avoided by better shield-
ing or more accurate neutralization. 
The main objective in the end, of 

course, is to obtain adequate excitation 
to the final amplifier and, in general, 
any adjustment of earlier stages that 
will produce this result without over-
loading anywhere along the line will be 
satisfactory. In conservative design, the 
full power capability of the exciter 
stages may not be needed. In the inter-
ests of v.h.f, harmonic reduction, it is 
desirable to provide an excitation con-
trol so that the excitation to the final 
amplifier can be limited to that neces-
sary for satisfactory operation. This 
can be in the form of a potentiometer 
control of the screen voltage of the first 

CKT. 2 CKT. 3 CKT. 4 CKT. 5 

• 

51A 

Fig. 6-27 — Method of switching a single milliammeter. 
The resistors, it, should be 10 to 20 times the internal 
resistance of the meter; 47 ohms will usually be satisfac-
tory. St is a 2-section rotary switch. Its insulation 
should be ceramic for high voltages, and an insulating 
coupling should always be used between shaft and 
control knob. 
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stage after the oscillator. 
Then reduction in screen 
voltage of this stage will 
reduce excitation all along 
the line, which is desirable. 

• MEASURING 
POWER OUTPUT 

The power output of 
any transmitter stage can 
be checked with reason-
able accuracy by simply 
coupling an ordinary lamp 
to the output tank circuit 
and comparing its bril-
liance with that of another 
lamp of the same size 
operating from a.c. Since 
it is difficult to judge 
power accurately when 
the lamp is over or under 
normal brilliance, the 
lamp selected should have 
a wattage rating as close 
as possible to that ex-
pected from the amplifier. 
Flashlight bulbs can be 
used for low power. At 
frequencies above 7 Mc. 
sufficient coupling usually 
is obtained by connecting 
the lamp in series with a 
few turns of wire that can be slipped over or 
inside the tank coil, as shawn in Fig. 6-28A. But 
at 3.5 and 7 Mc., it is usually necessary to tap 
the bulb directly across a portion of the tank coil, 
as shown at B. WARNING! Turn off the high 
voltage when tapping a series-fed tank circuit. The 
coupling should be adjusted until the plate cur-
rent at resonance is the rated loaded value for 
the tube. A more accurate dummy load is (l 

l e-
scri I in QS7' for March, 1951, page 32. 

• COMPONENT RATINGS AND 
INSTALLATION 

+5 V 

(D) 

+KV. 

(G) 

Plate Tank- Condenser Voltage 

In selecting a tank condenser with a spacing 
between plates sufficient to prevent voltage 

Lamp 

&13-D 

+11.V. 

Lamp 

(A) (B) 

Fig. 6-28 — Using a lamp bulb for an approximate 
check on the output of an oscillator or amplifier. The 
coupling should be adjusted to make the stage draw 
rated plate current when tuned to resonance. Special 
caution should be used in tapping the lamp directly on 
the coil when series plate feed is used. Always turn off 
the power before making a change in the tap, 

(B) 

+NM 

(F) 

Fig. 6-29 — Diagrams showing 
the peak voltage for which the 
plate tank condenser should be 
rated for c.w. operation with va-
rions circuit arrangements. E is 
equal to the d.c. plate voltage. 
The values should be doubled for 
plate nmdulation. The circuit is 
ass ttttt ed to lw fully loaded. Cir-
cuits 1. C and E require that the 
tank ndenser be insulated from 
chia-- i- or gro ttttt I, and from the 
control. 

breakdown, the peak r.f. voltage across a tank 
circuit under load, but without modulation, 
may be taken conservatively as equal to the 
d.c.. plate voltage. If the d.c. plate voltage also 
appears across the tank condenser, this must 
be added to the peak r.f. voltage, making the 
total peak voltage twice the d.c. plate voltage. 
If the amplifier is to be plate-modulated, this 
last value must be doubled to make it four 
times the d.c. plate voltage, because both d.c. 
and r.f. voltages double with 100-per-cent 
plate modulation. At the higher plate voltages, 
it is desirable to choose a tank circuit in which 
the d.c. and modulation voltages do not ap-
pear across the tank condenser, to permit the 
use of a smaller condenser with less plate 
spacing. Fig. 6-29 shows the peak voltage, in 
terms of d.c. plate voltage, to be expected 
across the tank condenser in various circuit 
arrangements. These peak-voltage values are 
given assuming that the amplifier is loaded to 
rated plate current. Without load, the peak r.f. 
voltage will run much higher. Since a c.w. 
transmitter may be operated without load 
while adjustments are being made, although a 
modulated amplifier never should be operated 
without load, it is sometimes considered logical 
to select a condenser for a c.w. transmitter 
with a peak-voltage rating equal to that re-
quired for a ' phone transmitter of the same 
power. However, if minimum cost and space 
are considerations, a condenser with half the 
spacing required for ' phone operation can be 
used in a c.w. transmitter for the same carrier 
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output, as indicated under Fig. 6-29, if power 
is reduced temporarily while tuning up with-
out load. 

In the circuits of Fig. 6-29C, D and E the 
rotors are deliberately connected to the posi-
tive side of the high-voltage supply, eliminat-
ing any difference in d.c. potential between 
the rotors and stators. 
The plate spacing to be used for a given 

peak voltage will depend upon the design of 
t he variable condenser, influencing factors 
being the mechanical const ruction of the unit, 
the dieleetric used and its placement in re-
spect t o int ense fields, and the condenser-plate 
shape and degree of polish. Condenser manu-
facturers usually rate their products in terms 
of the peak voltage between plates. 

Plate tank condensers should be mounted as 
close to the tube as temperature considerations 
will permit to make possible the shortest capaci-
tive path from plate to cathode. Especially at 
the higher frequencies where minimum circuit 
capacitance becomes important, the condenser 
should be mounted with its stator plates well 
spaced from the chassis or other shielding. In 
circuits where the rotor must be insulated from 
ground, the condenser should be mounted on 
ceramic insulators of size commensurate with the 
plate voltage involved and — most important of 
all, from the viewpoint of safety to the operator 
— a well-insulated coupling shoulc I be used 1)e-
tween the condenspr shaft and the dial. The sec-
tion of the shaft attached to the dial should be well 
grounded. This can be done conveniently through 
the use of panel shaft-hearing units. 

Grid Tank Condensers 

In the circuit of Fig. 6-30, the grid tank con-
denser should have a voltage rating approxi-
mately equal to the biasing voltage plus 20 per 
cent of the plate voltage. In the balanced circuit 
of B, the voltage rating of each section of the 
condenser should be this same value. 
The grid tank condenser is preferably mounted 

with shielding between it and the tube socket for 
isolation purposes. It should, however, be 
mounted close to the socket so that a short lead 
can be passed through a hole to the socket termi-
nal. The rotor ground lead or by-pass lead should 
be run directly to the nearest point on the chassis 
or other shielding. In the circuit of Fig. 6-30A, 
the same insulating precautions mentioned in 
connection with the plate tank condenser should 
be used. 

Plate Tank Coils 

The inductance of a manufactured coil usu-
ally is based upon the highest plate-voltage/ 
plate-current ratio likely to be used at the 
maximum power level for which the coil is de-
signed. Therefore in the majority of cases, the 
capacitance shown by Figs. 6-9 and 6-17 will be 
greater than that for which the coil is designed 
and turns must be removed if a Q of 12 or more 
is needed. At 28 Me., and sometimes 14 Mc., the 
value of capacitance shown by the chart for a 
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high plate-voltage/plate-current ratio may be 
lower than that attainable in practice with the 
components available. The design of manufac-
tured coils usually takes this into consideration 
also and it may be found that values of capaci-
tance greater than those shown (if stray capaci-
tance is included) are required to tune these 
coils to the band. 

Manufactured coils are rated according to the 
plate-power input to the tube or tubes when the 
stage is loaded. Since the circulating tank current 
is much greater when the amplifier is unloaded, 
care should he taken to operate the amplifier 
conservatively when unloaded to prevent damage 
to the coil as a result of excessive heating. 
Tank coils should be mounted at least their 

diameter away from shielding to prevent a 
marked loss in Q. Except perhaps at 28 Mc., it is 
not important that the coil be mounted quite 
close to the tank condenser. Leads up to 6 or 8 
inches are permissible. It is more important to 
keep the tank condenser as well as other compo-
nents out of the immediate field of the coil. For 
this reason, it is preferable to mount the coil so 
that its axis is parallel to 1 he condenser shaft, 
either alongside the coralens, ,I. or above it. 

Plate-Blocking and By-Pass Condensers 

Plate-blocking condensers should have low 
inductance; therefore condensers of the mica 
type are preferred. For frequencies between 3.5 
and 30 Mc., a capacitance of 0.001 ihfd. is CJM— 
moldy used. The voltage rating should be 25 
to 50 per cent above the plate-supply voltage. 
Wherever their voltage rating will permit (500 

volts), 0.001-pfd. disk ceramic condensers should 
be used as by-passes, since, when applied cor-
rectly (see TVI chapter), they are series resonant 
in the TV range and therefore are an important 
measure in filtering power-supply leads. For 
higher voltages, use 0.001-mfd. mica by-passes. 

R. F. Chokes 

The r.f. choke in parallel plate feed must have 
high impedance at the operating frequency to 
avoid loss. In multiband transmitters, if it is 
found that the choke heats excessively on one 
or more bands, the only solution is to use a dif-
ferent choke for these bands. 

—Bias 

(A) 
—Bias 

Fig. 6-30 — The voltage rating of the grid tank con-
denser in A should be equal to the biasing voltage plus 
about 20 per cent of the plate voltage. This same rating 
should be applied to each section of the split-stator 
condenser in B. 
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A One-Tube Two-Band Transmitter for the Novice 

Figs. 6-31, 6-32, and 6-33 show the details of a 
low-power crystal-oscillator transmitter covering 
the 3.5- and 7-Mc. bands. It is complete with 
power supply, and an output circuit that will 
feed directly into a simple antenna without the 
need for an antenna tuner. The circuit diagram 
appears in Fig. 6-32. A 6AG7 pentode is used in 
an oscillator of the grid-plate type. The output 
circuit, consisting of (' lo, Cit and LI, is in the 
form of a pi-section network that will couple into 
a wire of random length. The circuit is keyed in 
the cathode circuit. 
Ji is an octal tube socket that is used as a 

combination crystal socket and key jack. RI is 
the grid leak. C1 and Cg are excitation-control 
condensers. RFC1 is necessary to prevent short-
circuiting Cg for r.f. when the key is closed. 112 is 
the screen voltage-dropping resistor that reduces 
the voltage to the screen. RFC2 is the plate feed 
choke. Plate current is measured by the milliam-
meter, MA I. C7 is the plate blocking condenser, 
and Cg, Cg and C6 are by-pass condensers. 
The power supply is a simple one delivering 

about 350 volts. The smoothing filter, consisting 
of Cg, Cg and Lg, is of the condenser-input type. 
113 is the bleeder resistor. S1 turns the power 
supply on and off. 

Construction 

The parts are assembled on a 7 X 12 X 3-inch 
aluminum chassis. In the placement of parts in 
the transmitter, the power-supply section is kept 
in a line at the back of the chassis. The r.f. com-
ponents are mounted toward the front of the 
chassis. As can be seen in the photographs, there 
are three octal sockets — one for the 5Y3 rec-
tifier, one for the 6A(17 oscillator, and the third 
which is used as a crystal socket and key jack. 
With the exception of the three sockets and 

the meter, all the mounting holes can be made 
with an ordinary hand drill. For the socket holes, 
one can purchase, or borrow, a socket punch. The 
meter hole can be started with the socket punch 
and then enlarged with a half-round or rattail 
file. The variable condensers are mounted directly 
against the under side of the chassis. In placing 
them, be sure that their shafts extend far enough 
out from the front of the chassis to accommodate 
the tuning knobs. These condensers are of the 
broadcast-receiver replacement type, and can be 
purchased locally, or from one of the large mail-
order houses. They are usually listed as single-
gang midget t.r.f. condensers and have a maxi-
mum capacitance of more than 300 pd. 
The power transformer is mounted in such a 

manner that the high-voltage leads and the 5-volt 
reetifier leads are brought out at a point closest 
to the 5Y3 rectifier socket. A three-terminal tie 
point is mounted close to the transformer 115-
volt leads to furnish terminals for the power 
switch and transformer leads. After the sockets, 
a.c. switch, meter, and feed-through bushings for 
holding LI are all mounted in place, the wiring 
can be started. 

Wiring 

Connect the two 115-volt transformer primary 
leads (black), each to one of the tie points. Then 
also connect one of the power-cord wires to one 
of these tie points, and one terminal of the power 
switch, S1, to the other. Connect the remaining 
side of SI, and the remaining power-cord wire to 
the third tie point. Fasten one of the 6.3-volt 
transformer leads (green) to a soldering lug under 
the tie-point mounting screw. The remaining 6.3-
volt transformer wire (green) is connected to Pin 
7 on the 6AG7 socket. 
For the high-voltage wiring, the center-tap 

Fig. 6-31 — Top view of the 
Novice 2-band transmitter. 
1.1 at the top right-hand side 
is shown in the 80-meter po-
sition. The shorting clip is 
clipped to the feed-through 
bushing. The lead to the key 
is a short piece of 300-ohm 
Twin-lead which is termi-
nated in a Millen 300-ohnt 
plug. This type of plug is the 
correct size for octal socket 
Pins 2 and 4. 
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Fig. 6-32 — Circuit dia-
gram of the beginner's 
transmitter. 

Ji 

PIN PIN 
2 4 

t  

wire of the high-voltage secondary (red and yel-
low) is connected to ground, one of the high-
voltage leads (red) is connected to Pin 4 of the 
513 socket, while the other red lead goes to Pin 6. 
One of the 5-volt rectifier-filament leads (yellow) 
is connected to Pin 8 of the 513 socket, and the 
other yellow lead is run to Pin 2. Also connected 
to Pin 2 of the 5Y3 socket is a lead from the 
choke, L2, and the lead marked + from Cg. The 
other side of Cg, or the negative side, is grounded. 
The remaining lead of L2, the plus side of C9, 
and a lead from R3, are all run to a terminal on 
a tie point. The negative side of Cg and the other 
lead from R3 are grounded. This completes the 
power-supply wiring. 

Pins I, 2, and 3 of the 6A07 socket are con-
nected together with a bare wire and the wire 
run to ground. Also, one side of Cg must be 
grounded, so it can be connected to one of these 
pins. The other side of C2 is run to Pin 5. A lead 
to RFC is also connected to Pin 5. One side of 
CI, one side of RI, and a lead to Pin 8 of J1 are 
all soldered to Pin 4 of the 6AG7 socket. The 
other side of R1 is grounded, while the remaining 
side of C1 goes to l'in 5. Pins 4 and 6 of the crystal 
socket are also grounded. The remaining side of 
RFC' is connected to Pin 2 of J1. Also connected 
to Pin 2 is one side of C3. The other side of C3 is 
grounded. 
The screen resistor, R2, is connected between 

the B+ ( -I- terminal of Cg) terminal and Pin 6 
of the 6AG7 socket. Also connected to Pin 6 is 
one side of Cg. The other side of Cg is grounded. 
A lead is connected between the B + terminal 
and the side of the meter. The other terminal 
of the meter is connected to one side of RFC2. 
Also connected to this point on RFC2 is one side 
of Ce, the other side of C6 being grounded. The 
remaining side of RFC2 is connected to Pin 8 of 
the 6AG7 socket and C7 is connected between 
this side of RFC2 and the stator section of C10 is 
also connected to the nearest of the two feed-
through bushings holding LI. The stator of Cm 
is connected to the other feed-through bushing, 
and a lead is run from this bushing to the trans-

6AG7-0SC. 

T . C3, 

7001 1  
10/SOV.-Ce;e: EIGER 
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mitter output terminal mounted on the back 
side of the chassis. This should complete all 
wiring below the chassis. 

Coi/ 

As shown in the parts list, Li is a Barker & 
Williamson stock No. 3016 coil with 13 turns re-
moved from each end. For 40-meter operation, 
it is necessary to short out a large part of the coil. 
This is accomplished by use of a short clip lead. 
One end of the lead is connected along with one 
end of Li to the output bushing (the one con-
nected to C11). The other end of L1 is soldered to 
the input bushing. To operate on 40 meters, it is 
necessary to attach the clip to the 30th turn of 
LI, from the input side. In order not to short out 
the 29th and 31st turns, they can be bent in 
toward the axis of the coil. 

Testing 

An 80-meter crystal between 3700 and 3750 kc. 
will be needed for 80-meter operation. For 40-
meter work, one between 3588 and 3598 kc. will 
be required. (The crystal frequency is doubled 
for 7-Mc. operation.) 

In tuning up on 80 meters, insert the crystal 
in Pins 6 and 8 of the octal socket. The key leads 
are inserted in Pins 2 and 4. A 115-volt 10- or 15-
watt light bulb will serve as an artificial load for 
testing purposes. Connect the bull) to the output 
of the rig by soldering a piece of wire to the center 
terminal in the base of the bulb, and one to the 
screw shell portion. One of the wires is then con-
nected to the output terminal of the transmitter 
and the other to the chassis. The 115-volt a.c. 
switch is turned on and the tubes allowed a min-
ute or so to warm up. After the rig has been on 
for a minute, close the key. Tune the station re-
ceiver to the crystal frequency and the transmit-
ter's signal should be heard. The input condenser, 
C10, is slowly tuned through its range. Two things 
should happen — the dummy load lamp should 
light and the meter should show a dip, or lower 
reading, at the point where the bulb lights. Also, 
the signal should be louder at this point. Now 
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tune the output condenser, CH, across its range 
and the bulb should brighten at one point, and 
the signal get louder in the receiver. Also, the 
meter should show a greater reading than before. 
Switching back and forth between the two con-
densers, always tune for maximum brilliance in 
the bulb. 

Antenna 

An antenna may now be substituted for the 
lamp. The type of output circuit used in the rig 
will load with almost any length of wire. Ilow-
ever, it will load with a 36-foot length of wire on 
both 80 and 40 meters a great deal easier th:, 
with some lengths. One end of the wire should I, 
connected to the output terminal and the other 
end suspended on an insulator attached to a cord 
or rope slung from the highest available support. 
(See the antenna chapter for methods of bringing 
the wire in to the transmitter.) 

Output Indicator 

The transmitter can be tuned up by the meter, 
but sometimes a beginner may become confused 
trying to interpret the readings he gets. A simple 
device to show that the antenna is taking power 
consists of two pieces of wire, about two feet long, 
and a 2-volt 0.06-ampere flashlight bulb, either 
No. 48 or 49. The bulb is connected between the 
two pieces of wire, one lead to the tip of the bulb 
base and the other lead to the shell of the base, 
making a four-foot length of wire with the bulb 
in the center. One end of this wire is connected to 
the output terminal, while the other end is clipped 
on the antenna, three or four feet up. Scrape the 
wire at this point if it is insulated. When the 
transmitter is turned on and the condensers are 
tuned, a point will be reached in the tuning where 
the bulb will glow, or light up. Tune the con-
densers for maximum brilliance in the bulb; this 
is an indication that maximum power is going into 
the antenna. 

Forty-meter tune-up procedure is the same as 

Shopping List for Novice Transmitter 

22-mid. mien con]lenser. 
220-pd. mica condenser. 
4 0.001-5f. disk ceramic condensers. 
2 8-id. 500-volt midget electrolytic condensers. 
67,000-olun resistor, Y2 watt. 
22,000-olun resistor, I watt. 
0.1-megolun resistor, 2 watts. 
2 2h4-nill. r.f. chokes ( National 111005 or Millen 

34102). 
2 variable condensers (midget type t.r.f, one-gang 

broadcast receiver replacement). 
70 turns of No. 24 wire, 1-inch diam., 2% inches 

long ( It & W 3016 with 13 turns removed 
from each end). 

8-by. 40-ma. filter choke (Thordarson T20052). 
Power transformer: 350-0-350 volts rams., 70 ma.; 

5 v., 2 snip.; 6.3 v., 2%", amp. (Tbordarson 
TS-21R02). 

3 octal sockets. 
Single-pole single-throw toggle switch]. 
2 feed-through insulators ( National TPB). 
Tip jack (Amplienol type 7818). 
2 three-point terminal strips. 
0-50 or 0-100 d.e. millianuneter (Shurite). 
Aluminum chassis 3 by 7 by 12 inches. 
6 feet of hook-up wire. 
6A(:7 tube. 
513 tube. 
6 solder lugs. 
18 6-32 X q-inch nuts, bolts, and washers. 
Two tuning knobs to fit Y2-inch shaft 
Crystal. 

for 80 with the exception of using the correct 
crystal, and shorting out the section of LI. Re-
member to listen on the receiver when tuning up 
the transmitter on 40 or 80. When tuning up on 
40, the signal should be definitely louder on 40 
than on 80 meters, and vice versa for 80-meter 
tune-up. 
When the oscillator is fully loaded and tuned 

to resonance, the plate current should run be-
tween 20 and 30 ma., representing a power input 
of 7 to I() watts. 

(This unit originally described in the Novem-
ber, 1953, issue of Q.ST.) 

• 

Fig. 6-3.1 Bottom 
view of the Nos ice 
one- tithe transmit-
ter showing the wir-
ing of parts. The 
power supply elm-
ponents are mounted 
along the hark side 
while the r.f. sec-
tion runs along the 
front. The output 
lead from the feed-
th ))))) gh hushing is 
(dead% i- i I de on the 
right-hand side. The 
only openings at the 
hack are the output 
terminal and the 
115-volt a.c. leads. 

• 
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A Sweep-Tube Transmitter for 3.5 and 7 Mc. 

Figs. 6-34 through 6-37 show a low-power 
transmitter using a. single TV-receiver sweep-tube 
triode. It will deliver an output of about 10 
watts on 80 or 40 meters. Power supply and 
antenna tuner are included. 
As shown by Fig. 6-36, the oscillator utilizes 

one section of a 6BL7. J1 is the keying jack, and 

also serves as the oscillator metering jack. The 
plate tank, C2L1, covers the frequency range of 
3.75 to 9.2 Mc. 

Plate voltage for the oscillator is held to ap-
proximately 200 volts by a. series-dropping re-
sistor, R2, and output from the stage is capacity-
coupled to the final through Ce. 
The amplifier employs grid-leak bias, has a 

split-stator plate circuit, and is neutralized by 

Fig. 6-35 — This interior view 
shows the antenna coil centered 
at the left edge of the 2 X 7 X 
g-inch aluminum chassis. Fits e 
teed-through bushings for the 
antenna circuit are located to 
the right of the coil and the 
feeder terminals are at the rear 
of the base. Lt„ the oscillator 
tube, and the crystal are at the 
front right-hand section of the 
rhassis and the 51'3GTis on the 
center line just to the left of the 
power transformer. A -inch 
Isole, equipped with a rubber 
grommet, to the front of 
provides through-chassis clear-
ance for a neutralizing tool. The 
a.c. input connector is located 
on the rear wall of the chassis. 

• 

means of capeitor C7. J2 is the metering jack 
and S1 is the plate-voltage on-off switch. With 
excitation available and with Si open, a meter 
plugged into J2 will register amplifier grid cur-
rent. When the switch is closed, the meter will 
indicate the combined plate and grid currents. 
Output from the amplifier is link-coupled to 

• 

Fig. 6-34 — The sweep-tube trans-
mitter is housed in a hinged cover 
metal cabinet. l'he knobs across the 
bottom of the 7 X 10-inch panel, 
from left to right, control the oscilla-
tor, amplifier and the antenna cou-
pler. Si is located directly above Ji 
and to the left of the panel indicator. 
S2 is mounted above the amplifier 
metering jack, Ja. 

• 

the antenna tuner, Ci3L4. The tuner components 
have been wired to feed-through bushings and 
the antenna feeder terminals in a manner which 
permits adjustment of the LC ratio for either 
series or parallel tuning. An accompanying chart 
lists the jumper connections which should be used 
for setting up the tuner circuit. 
The power supply employs a condenser-input 

filter and delivers approximately 330 volt , when 
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loaded by the transmitter. 82 is the on-off switch 
for the supply. 

Construction 

Three photographs of the transmitter show 
how the components are laid out on the chassis 
and the panel. The jacks, switches, and the panel 
indicator are the only parts actually mounted 
on the panel of the Bud type C-993 cabinet. 
Tuning capacitors for the oscillator and the 
amplifier are mounted on the front wall of the 
chassis and C13 of the coupler is mounted on 
small pillars at the right side (rear view) of the 
base. C13 must be insulated from ground. An 
insulated shaft coupling between the capacitor 
and a panel bearing assembly are provided. 
Quarter-inch metal pillars space the panel and 
base at either end of the unit. Three-eighths-inch 
holes are drilled in the panel for the tuning shafts 
of the three capacitors, and 1%-inch openings are 
punched in the front wall cf the chassis to pro-
vide clearance for the panel-mounted jacks. 
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Cl, C3, C4, Cs, Cl2 - 0.005.µfd. di,k ceramic. 
C2 - 140-ppfd. variable (Hammarlund 11F-140). 
C2, Cio, Cii - 0.001-pfd. disk ceramic. 
Cs - 15-ppfd. mica or ceramic. 
C7 - 1-8-ppfd. tubular trimmer (Erie 532-10). 
C2, C12- 100-ppfd.-per-section variable (Bud LC-1663) 
C14, Ci2 - 8-pfd. 450-volt electrolytic (Sprague TVA-

1704). 
Ri - 68,000 ohms, 3. watt. 
R2 - 10,000 ohms, 5 watts. 
R3- 10,000 ohms, 3,¡ watt. 
114 - 50,000 ohms, 10 watts. 
Li - 33 turns No. 24, 5%-inch diam., 1122 inches long 

(B & W Miniductor No. 3012). 
102- 3.5 Mc. - 40 µh. - 46 turns No. 24, 1%-inch 

diam., 11q inches long, center-tapped (B & W 
80MCL). 
7 Mc. - 14 ph. - 26 turns No. 22, 1%-inch 
diam., 13.¡ inches long, center-tapped (B & 
40MCL). 

No. 16 tinned is used for the r.f. wiring, and 
Belden shielded wire No. 8885 is used for the 
leads running to the switches and the pilot lamp. 
The strip of flashing copper that supports the 
neutralizing condenser, C7, is -inch wide at one 
end and tapers down to inch at the tube 
socket end. C7 is mounted in a 34-inch hole, 
drilled at the wide end of the strip. 
The three jumpers for the antenna circuit are 

made with ordinary hook-up wire and Millen 
type 36021 grid connectors. The holes in the con-
nectors must be enlarged by reaming so that they 
will fit over the small National type TPB polysty-
rene bushings that serve as Terminals 1 through 
5 of Fig. 6-36. 

Testing 

A 15-watt lamp bulb equipped with short wire 
leads, a 0-100-ma. meter, a key and a voltmeter 
should be available for testing the transmitter. 
The first test is made with the key plugged into 
Ji, with SI set at the open position and with the 

ANT. TUNER 

AN T. 

Fig. 6-36 - Circuit of the 
sweep-tube transmitter. The 
oscillator and amplifier sec-
tions of the circuit are oper-
ated at the crystal frequency. 

L3 - 3.5 and 7 Mc. - Each 3 turns No. 18, wound 
with turns spaced wire diam., over center of L2. 

1.4 - 3.5 Mc. - 37 ph. - 38 turns No. 16, 1%-inch 
diam., 2312 inches long. W. ound in 2 sections with 
:in-inch space at center for L5 (B & W 801VL). 
7 Mc. - 12.8 ph. - 22 turns No. 16, 134-inch 
diam., 2lís inches long. 2 sections with ;is-inch 
space at center for L3 (B & W 40JVL). 

L3 - 3.5 and 7 Mc. - Each 3 turns No. 16, 1%-inch 
diam., turns spaced wire diam. 

L. - 8-henry 75-ma, filter choke (Stancor C1355). 
Ii - 6.3-volt panel-indicator assembly. 
Ji, j2 - Closed-circuit jacks. 
RFC', RFC2 - 1-mh. r.f. choke (National R-50). 
RFC2- 2.5-nah. r.f. choke (National 11-100S). 
Si, S2 - S.p.s.t. toggle switch. 
- Power transformer: 340 volts r.m.s. each side of 

center tap, 70 ma.; 5 volts, 2 amp.; 6.3 volts, 
2.5 amp. (Stancor PC8408). 
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Antenna-Coupler Connection Chart 

Jumper Connections 

Tuning Low-C High-C 

Parallel 1-5 1-5 1-5 
2-3 3-4 2-5 

3-4 

Series 1-2 1-4 1-4 
2-5 

voltmeter connected across leg. The supply out-
put should exceed 400 volts when 52 is closed. 

Next, turn off the supply and insert a 3.5-Mc. 
crystal in the holder and a 3.5-Mc, coil in the 
amplifier. The meter should be plugged into J2 
and S1 must be open for the time being. Now, 
turn on the power, close the key and tune the 
oscillator plate capacitor, C2, for an amplifier 
grid current of approximately 10 ma. If the crys-
tal kicks out as the maximum capacitance of C2 
is reached, the plate tank is tuned too close to the 
crystal frequency and it is necessary to retune 
to the high frequency side of resonance. Make 
certain that the oscillator is not tuned for maxi-
mum output inasmuch as this results in excessive 
crystal current. If the meter is transferred to Ji, 
it should show a cathode current of 30 ma. 
The next step is that of neutralizing the am-

plifier. Start with C7 set for minimum capacitance 
(slug all the way out) and then increase the 
capacitance until the amplifier plate condenser, 
Cg, can be swung through resonance without af-
fecting the amplifier grid current. Si must be 
open during this adjustment. 

Fig. 6-37 — Bottom view 
showing Li and RFC2 
mounted on tie-point strips 
to the left and the rear of 
the 6111.7 tube socket, re-
spectively. RFC' is parallel 
with the. left wall of the 

and RFC3 stands up 
to tlie left of Cg. R2 and fla 
are in front of Ls and the 
filter capacitors at the rear 
of the chassis. The neutral-
izing capacitor, C7.. is sup-
ported by the rear stator 
terminal of Cg and by a 
strip of flashing copper 
which also serves as the ca-
pacitor-to-grid lead. Holes, 
131i inches in diameter, 
punched in the chassis just 
below the centers of Co and 
C13, provide clearance for 
the coil-socket wiring. 
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If the lamp is to be used as t he test load, con-

nect it to the antenna terminals and insert the 
7- Mc, coil in the coupler. Start the loading ad-
justments with very loose coupling between L4 
and L5 and with the oscillator adjusted for an 
amplifier grid current of 5 or 6 ma. Now, close 
S1 and tune C5 for resonance. The amplifier 
cathode current should be approximately 25 ma. 
with the stage lightly loaded and may be in-
creased to 55 or 60 ma. by increasing the coupling 
between L4 and L5 and by adjustment of C13. 
As the loading is increased, make certain that 
the amplifier and the tuner are kept at resonance 
by retuning both Cg and C13. 
With the amplifier fully loaded, the power sup-

ply output voltage will drop to approximately 
325 volts and, as a result, the cathode current 
for the oscillator section of the 6B1.7 will be 
lower than that recorded earlier. About 15 ma. 
is correct for the oscillator and this current may 
be checked by inserting the meter plug into J1. 
Of course, with the amplifier in operation, it is 
necessary to subtract the amplifier cathode cur-
rent from the reading registered at J1 in order to 
determine the true oscillator drain. 
The set-up for testing the transmitter at 7 Mc. 

is identical to that used at the lower frequency 
except for the antenna coupler connections. At 
7 Mc., the bulb loads best with the coupler cir-
cuit adjusted for low-C operation. One precaution 
must be observed with the 7-Mc, crystal in use. 
Always start the oscillator adjustment with the 
tank capacitor, C2, set for minim uni capacitance 
and then tune for an amplifier grid current of 
not more than 5 or 6 ma. 

For adjustment of the coupler for a particular 
antenna, see the transmission-line chapter. 

(Original description, QST, April, 1953.) 
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A Beginner's 35-Watt Transmitter 

Figs. 6-38 through 6-40 illustrate a 35-watt 
two-stage transmitter for the 40- and 80-meter 
bands. The necessary power supply is included. 
The circuit is shown in Fig. 6-38. A 6AG7 Pierce 
crystal oscillator operating at 3.5 Mc. drives a 
6L6, either as a straight amplifier on 80, or as a 
doubler to 40 meters. RFC' is resonant at about 
5 Mc. — sufficiently close to either band to pro-
vide the required drive to the amplifier, yet far 
enough removed to prevent oscillation in the 
6L6 stage. The output tank circuit, C9Li, has 
sufficient tuning range to include both bands 
without changing coils; the socket and plug-in 
form are merely a convenient means of mounting 
the coil. The output link is designed to feed an 
antenna tuner through a coax line. Both stages 
have parallel plate feed, and are keyed simul-
taneously in the cathode circuit. I is a dial lamp, 
used here as a tuning indicator. If desired, it may 
be replaced with a 150-ma. d.c. milliammeter, 
either mounted on a bracket on top of the chassis, 
or set in the front edge. 
With the components specified, the power 

supply should deliver a voltage of 350 or more 
under load. A condenser-input filter is used. 
(Although a metal-can dual filter condenser, 
mounted on top of the chassis, is shown, card-

3.5 M 
XTAL 

• 

big. 6-38— Circuit diagram of the Novice 35-watt transmitter 

board tubular condensers, mounted under the 
chassis may be substituted if desired.) 

Wiring 

Details of construction are covered in the 
photographs and their captions. 
The power supply is wired first, using insu-

lated tie points as junctions wherever a trans-
former of filter-condenser will not conveniently 
reach a desired terminal. (All power wiring should 
be kept close against the chassis, while r.f. wiring 
should be spaced well away from the chassis.) 
The heaters of the 6AG7 and 6L6 are wired next. 

Pin 8 of the 6L6 and l'in 5 of the 6AG7 are 
wired together and C2 and C8 are installed. A 
lead is then run from Pin 5 of the 6AG7 to the 
key jack and C14 is installed across the key jack, 
keeping the leads of C14 as short as possible. This 
completes the cathode keying circuit. 
The square condenser appearing over the 

6A07 socket is C3 and is connected between Pin 6 
and ground. 113, the screen dropping resistor, is 
connected from Pin 6 to the tie point between the 
tubes. The B+ lead is run to this tie point, and 
both R2 and R4 are tied to it. RFei goes from 
Pin 8 of the 6A07 to the tie point of the B+ lead. 
The condenser below /?FC2 is C8 — it is con-

AMP. 

0001  

CI  cm 

CI, C2, Ca, Ca, C7, CR — 0.005-pfd. 500-volt disk-type 
ceramic (Sprague). 

C3, C.1 —  100-4451d. mica. 
Co — 235-,,,,fd. variable (Bud N1C-1859). 
Cio, Cii — 10-pfd. 450-volt electrolytic (see text). 
C12, C13, Ci., — 0.001-pfd. 500-volt disk-type ceramic 

(Sprague) (see text). 
RI — 56,000 ohms, 3..,¡ watt. 
02— 22,000 ohms, 1 watt. 
113— 18,000 ohms, 1 watt. 
114 — 18,000 ohms, 1 watt. 
Rs — 50,000 ohms, 10 watts. 
14 — 3.5-7.0 Mc. — 15 turns No. 18 enamel, 1-inch 

diam., close-wound (National XR-4 coil form). 

3.5 
OR 
7 Mo. 

,12 

R.F. 

OUTPUT • 

L2 — 5-turn link No. 18 enamel, close-wound below tank 
coil Li. 

L3 —  Filter choke, 10.5 henrys, 110 ma., 220 ohms 
(Merit C-2993). 

I; — No. 46 pilot-lamp bulb, 6-8 volts, 250 ma., blue 
bead. 

Jj — Closed-circuit jack. 
J2 — Coax connector, chassis-mounting type. 
RFC; — 100-5h. r.f. choke (Millen 34300). 
11FC2 — 2.5-mh. r.f. choke (National 11100-S). 
Si — S.p.s.t. toggle switch. 
Ti — Power transformer, 350 volts r.m.s. each side of 

center, 120 ma.; 6.3 volts, 4.7 amp.; 5 volts, 3 
amp. (Merit P-2953). 
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Fig. 6-39 — The aluminum 
chassis is 7 X 12 X 3 inches. 
Power-supply components are 
along the rear edge, while the 
crystal socket, 6AG7, 61.6, It 
and the shielded coil are in line 
at the front. Centered along the 
front edge arc the key jack, 
power switch and the single 
tuning control. All sockets are 
submounted. The rectifier and 
the coil take 4-prong sockets; 
the two tubes take octal sock-
ets. The coil shield is ICA type 
1549. The substitution of an up-
right transformer will avoid 
cutting a large hole ill the 
chassis. 

• 
netted from Pin 3 of the 6L6 to a tie point and 
then to the stator of The link output termi-
nals on the coil socket are connected to the t•oax 
connecter with a short length of coax cable. The 
v.h.f. filter condensers, C12 and C13, are at the 
power connector with leads as short as possible. 

Testing 

The transmitter may be tested by connecting 
a 25-watt electric bulb but ween the center eon-
tact of the t' ta ronnector :001 chassis. W 11( .11 the 
power is turned on, anti the key closed, the indi-
cator lamp, It, should light up brightly. Then, 

starting at maximum capacitance, slowly adjust 
the tuning condenser, toward minimum capari-
tamp until the indicator lamp dims. This is 
resonance at 80 meters, awl the 25-watt lamp 
should light up as the indicator lamp dims. Fur-
titer readjustment of the tuning condenser toward 
minimum capacitance should show a second 
resonance point, titis time at 40 meters, and the 
25-watt lamp should light again. 

Information on the construetion and adjust-
ment of antenna couplers will be found in the 
chapter on transmission lines. The 61.6 may Ito 
loaded up to a maximum of 100 ma. plate current. 

Fig. 6-40 — The a.c. power egnineetor and I coax output conneetor are at the rear. 'I'he filter choke, L3, is fas-
tened against the rear of the chassis. The eh, gke to the rear of the power switch is RFC2. The tuning condenser 
is in the upper right. 
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A Compact 75-Watt 6-Band Transmitter 

Figs. 6-41 through 6-47 show the circuit and 
photographs of a two-stage transmitter deliver-
ing an r.f. output of 50 watts on all bands from 
3.5 to 28 Mc., inclusive. It is complete with power 
supply and a versatile metering system on a 
11 X 7 X 2-inch chassis. Provision is made for 
connection of a VFO, a plate-and-screen modu-
lator and also an external emergency power 
supply. 
As the circuit diagram of Fig. 6-44 shows, a 

5763 is used in a grid-plate oscillator circuit. C2 
is a mica trimmer that permits adjustment of 
oscillator excitation for proper keying and drive 
to the amplifier. S1 grounds the cathode through 
C3 so that the 5763 can be driven from a VFO 
through the crystal socket. L1 is tapped to rover 

Fig. 6-42 — The oscil-
lator is in the 2 X 4 X 
4-inch box to the left, 
with the crystal-VFO 
switch and 5V4G im-
mediately behind. The 
amplifier is in the 4 X 
5 X 6-inch Wei. C9 

(bottom) and Cio ¡top) 
are mounted against 
the right-hand side of 
the box. The coil 
socket is to the rear 
surrounded by the 1-
turn neutralizing link. 
Cs, RFC.4 and L2 are 
immediately in front 
of the coil socket. To 
the right are the two 
6X5GTs, the power 
transformer and LB. 
The pin jacks toward 
the front are metering 
jacks. The holes at the 
rear are for entilation. 

• 

• 

Fig. 6-41 — The complete 
75-watt 6-band transmitter 
fits into an 8 X 14 X 8-inch 
cabinet. Along the bottom, 
from left to right, are the two 
power switches (Ss and Ss), 
the key jack (J7), the "oper-
ate-test" switch (S4) and the 
crystal socket. Across the cen-
ter are the meter switch (.S3), 
the amplifier tank control (C9) 
and the oscillator tuning con-
denser (Co). To the right of 
the meter at the top are the 
loading condenser (Cis) and 
the oscillator bandswiteh (S2)• 

• 

3.5 through 28 Mc. with a switch, S2. The os-
cillator output with either 3.5- or 7-Mc, crystals, 
at either fundamental or second harmonic, is 
more than adequate for proper drive to the 
6146 amplifier. Sufficient drive is also obtained 
quadrupling from 3.5-Mc, crystals to 14 Mc., or 
tripling to 21 Mc. from 7-Mc. crystals. Quad-
rupling from 7-Mc. crystals, however, does not 
supply adequate excitation, so frequency is 
doubled in the output stage for 27- or 28-Mc. 
operation, unless 9-Me, crystals for tripling, or 
28-Mc. crystals, are available. 

Plug-in coils are used in the output tank cir-
cuit. Since Cloth stages are parallel-fed in the 
plate circuit, the power supply need not be 
turned off wf il, changing coils. The amplifier is 
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Fig. 6-43 — Inside of the oscillator box 
from the amplifier side. RFC.' and C7 are 
in the foreground in this view. Leads 
from C7 and Ls are precut to pass through 
to the amplifier compartment. 

neutralized by means of a simple in-
ductive link system (Ls and L6). L2 
is a v.h.f. parasitic suppressor. 
Both stages are keyed simultane-

ously in the cathode circuit for 
break-in operation, the key being 
plugged in at .17. 

Power Supply 

An economical power supply de-
livering voltages for both stages is 
included on the chassis. A voltage of 
600 (under load) for the final ampli-
fier is obtained from an inexpensive broadcast 
replacement transformer through the use of a 

COIL DATA 

Oscillator Coil, Li: Wound with No. 26 enameled wire on 
1-inch diameter form ( Millen 45000) in four sectiona. 

1st section: 20 turns close-wound 
2nd section: 10 turns close-wound 
3rd section: 5 turns close-wound 
4th section: 4 turns spaced wire diameter 

Taps taken off between sections. Sparing between sections 
approximately % inch. Fourth section ( 21-28 Mc.) turn 
sparing should be adjusted to cover 30 Mc. with oscillator 
condenser, Co. near minimum capacitance. 

Amplifier coils, L314: 

Band Wire Size Turns 

- 15 

20 

Turns inch 

20 

close-wound 

10 

close-wound 

Space 
Between Coils 

Ls 
3.5 Me. 

LO 

22 enam. 

22 enam. 
Vs in. 

Ls 
7 MC. 

Ls 

18 enam. 

18 enam. 

10 

8 
'A  IR. 

Ls 
14 Mc. 

LO 

18 enam. 

18 enam. 

5 

5 

10 

10 
0.2 in. 

La 
21-28 
Mc. 

Lo 

18 enam. 

18 enam. 

3 

3 

10 

10 

0.2 in. 

Coils wound on 134-inch dameter forms ( National 
XR-4) with L3 at bottom and plate terminal down. See 
Fig. 6-44 for connections in coil form and socket. 

bridge rectifier circuit.. The center tap of this 
system provides a voltage of 230 for operating 
the oscillator and the screen of the amplifier, the 
latter through the dropping resistor, Rg. The 
choke, Lg, in the high-voltage filter, it should be 
noted, is connected in the negative side of the 
supply. When using the built-in supply, a plug 
with the pins shorted, as indicated by the dotted 
lines, should be inserted in J4. When using an 
emergency supply, appropriate voltages can be 
introduced through J8 after the shorting plug has 
been removed. 

Metering Circuits 

A 1-ma. milliammeter, M I, is used for measur-
ing the essential currents and voltages. It is con-
nected as a voltmeter having a full-scale range of 
5 volts by adding 114 in series. Current is de-
termined by measuring the voltage drop across 
resistors of proper value inserted in series with 
the circuits in which current is to be measured. 
This permits the use of standard resistors as cur-
rent shunts. The ranges selected here are as fol-
lows: oscillator cathode current, 50 ma.; amplifier 
grid current, 11) ma.; amplifier screen current, 20 
ma.; amplifier cathode current, 200 ma. In addi-
tion, three tip jacks mounted on the chassis can 
be selected by a test prod connected to one posi-
tion on the meter switch. One, j6, is connected to 
the power-supply low-voltage terminal through 
R13 which is a multiplier giving a full-scale meter 
reading of 300 volts. A second tip jack, J6, is 
similarly connected to the high-voltage terminal 
through a 1000-volt multiplier, Ri4. The third tip 
jack, J4, connects to another similar jack, Jg, at 
the rear of the chassis so that the meter can be 
used for external measurements, such as an 
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indicator for an s.w.r. bridge or in an r.f. volt-
meter for checking power output. 

Test- Operate Switch 

A useful adjunct is the " test-operate" switch, 
S. In the "operate" position, the amplifier 
screen is connected to its normal supply. In the 
"test" position, the screen is grounded. This 
limits the plate current to about 15 or 20 ma. 
which results in just about the right amount of 
power to operate an s.w.r. bridge. If the 6146 is 
to be plate-screen modulated, the screen voltage 
must be obtained from the high-voltage tap 
through a dropping resistor, rather than from the 

XTAL 
OR 
VFO 

5763 

-L 

X 

C3). 
Si Cj RFC, 

TAL • iVFO 

R. F. S ECTION 

CONTROL 
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C12 

PI 
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t 5 

C.0-a _ 7_12 c RFC3 4 

— a.— 
Z •fc,62.c,7M 

Lro 
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low-voltage tap. In this case, the cathode should 
never be opened while the power supply is on, be-
cause the voltage ratings of both the tube screen 
and the ceramic by-pass condensers will be 
greatly exceeded. 84A guards against this by 
grounding the cathode through an auxiliary con-
tact of J7 when the key is removed. Then 84 
becomes the on-off switch, opening both cathode 
circuits (through 84) and grounding the ampli-
fier screen (through S4B) when the switch is in 
the " test" position. To turn the oscillator on and 
close the amplifier cathode circuit for " test" use, 
a closed key, or shorted plug, must be inserted in 
the closed-circuit jack, J7. 

6146 

13 
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.15 .16 R14 
0--1AMMAA,— .. TO 600 V. 

TO 230 V. 
R,3 

63V 
2 

65501 HIrS. c,,„, 
 o. 2 22.r _ 1..c 288 
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00000.,  
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_me- >n"Czo_C47:›-TC2, 

- 
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Fig. 645 - The bottom plate of the 
amplifier box is fastened permanently 
to the chassis and the amplifier par-
tially assembled before fastening the 
box in place. RFC3 is in the fore-
ground, RFC4 standing at the rear. 
'I'he coil socket at the right is spaced 
up 1% inches, the tube socket 34 
inch. Notice the "zero-length- leads 
to the disk ceramic condensers. 

Neutralizing Coils 

The neutralizing coil, 1,5, is made simply by 
drilling two small holes diametrically opposite 
close to the outer (15-meter) end of the form. A 
piece of rather stiff wire is threaded through the 
holes and then the wire inside the form is pressed 
into a half-turn shape with the finger. Connec-
tions are made to each end outside the form and 
the half-turn may be rotated in the holes to adjust 
neutralization. L6 is a single turn of No. 12 wire, 
approximately 1% inches in diameter, supported 
at one end under the screw holding the socket, 
and at the other end by a tie-point mounted on 
the same screw. 

Adjustment 

With the key open, the supply voltage at the 
high tap should measure about 800 volts and 300 
at the low tap. If the 5V4G is removed from its 
socket, the voltage at the low tap will be about 
400. 
With the switch set in the " test" position, the 

oscillator tuning should be adjusted for maximum 
amplifier grid current. A reading of 4 ma. indi-
cates adequate drive, although on some bands it 
may run as high as 10 ma. If the minimum read-

ing of 4 ma. is not obtained, adjust C2. Up to a 
certain point, increasing this capacitance will 
increase the oscillator output, but too much 
feedback may result in chirpy keying. C2 should 
be adjusted for the best compromise between 
adequate drive and good keying characteristics. 
The oscillator cathode current should run 25 to 
30 ma. on all bands. 

Neutralization is adjusted by moving the half 
turn L3 closer to or farther away from the os-
cillator tank coil. With 84 in the " test" position, 
the oscillator should he adjusted for maximum 
amplifier grid current on 21 Mc., and the ampli-
fier plate tank circuit tuned to resonance. If the 
amplifier is not neutralized, there will be a notice-
able kick in grid current as the plate tank con-
denser is swung through resonance. The neu-
tralizing half turn should be adjusted carefully 
for minimum change in grid current. The same 
procedure should be followed for 14 Mc. If the 
neutralizing must he readjusted, the half turn 
should be set for the best average result for the 
two bands. The amplifier should then he checked 
for oscillation with S4 in the " operate" position. 
The amplifier plate current at resonance should 
swing the meter off scale when the key is closed. 

Fig. 6-44 - Circuit diagram of the complete transmit-
ter. Dotted lines in Ja indicate jumpers in plug used for 
normal operation. 
Ci, C7 - 220-ggfd. mira. 
(.2 - 3-30-cmfd. ceramic trimmer, compression tYPe. 
Cs - 0.002-afd. mica. 
- 100-pard. mica. 

:h - 0.002-afd. mica. 
Cs - 50-ggfd. midget variable (Bud 1.1:-1641). 
Ca - 0.001-afd. mica, 1200 volts, case type C%145. 
C9 - 235-pafd. variable, 0.024-inch spacing (Bud type 

MC-1859). 
Cco - 140-codd. variable, 0.024-inch spacing (Bud type 

MC-1856). 
CI; to C27, inclusive - 0.001-pfd. disk ceramic, 

diam., 600 volts. 
:24‘ - 470-ggfd. mica, 1200 volts, case type CM-45. 
:29 - Dual 8-afd. electrolytic, 450 volts. 
30, Ci - 40-5M. electrolytic, 451) volts. 

14 - 0.1 megohm, watt. 
12, 113 - 27,000 ohms, 1 watt. 
14 - 5000 ohms, .1A watt. 
- 100 ohms, 3.4 watt. 

263 ohms (270), 34 watt. 
17 - 555 ohms (560), j¡ watt. 
Is - 25 ohms (27), 34 watt. 
is - 4700 ohms, 1 watt. 
110 - 0.1 megohm, 1 watt. 
ill, R12 - 20,000 ohms, 10 watts 
13 - 0.5 megohm, 3/3 watt. 

1(14 - 1 megohm, 1 watt. 
1.1 - See coil data. 
1.2 - 1 turns No. 16, eís-inch diam.4 3.4 inch long. 
1.3, 1.4 - See coil data. 
1.7 - Filter choke, 40 ma., 300 ohms, approximately. 
- 10.5 henrys, 110 ma., 250 ohms. 

Ft - Fuse, 2 amp. 
Ji - Crystal socket. 
J2 - Coax connector. rha,:os-anotinting type. 
hi, J4, .1a, .1s - Tip jaek-. insulated type (Ampheno 

78-1P). 
.17 - Closed-circuit ' phone. jack. 
Ja - Octal socket. 
11 1 - 0-1 d.c. milliammeter. 

- 'Phone tip test plug. 
ST. Sa, S6 - S.p.s.t. toggle. 
Sa - Single-pole 5-position ceramic wafer (Centralab 

2500 or 2501). 
Sa- 2-pole 5-position bakelite wafer, cum-shorting type 

(Centralab type 111)5). 
54 - D.p.d.t. toggle. 
RFC', RFC2. RFC3 - 2.5 nth.. 75 ma. (Millen 34300-

2500). 
HFC4 - 2.5 mh., 250 ma. (Millen 34102). 
li - Filament transformer. 6.3 v., 1.2 amp. 
T2- Power transformer, 360 v. each side e.t., 120 ma.; 

5 v., 3 amp.; 6.3 v., 3 amp. or more. 
NOTE: Manufacturer's part numbers gis en above are 

to indicate size and style. Similar components are gener-
ally available from a number of different suppliers. 
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Do not close the key more than momentarily for 
this check. 
The output coupling system is designed to 

work into a flat 50- or 75-ohm line, either to an 
antenna or to an antenna tuner. The amplifier 
may be loaded to a cathode current of 140 Ma. 
on all bands except 28 Mc. Under load, the ampli-
fier grid current should be adjusted to 2 to 2.5 ma. 
by detuning the oscillator tank circuit. The 
screen current under these conditions should run 
between 10 and 12 ma. At 28 Mc., with the final 

Fig. 6-47 — Bottom 
view of the 6-band 
transmitter. The high-
voltage filter condens-
ers, Cao and C31, and 
their equalizing resis-
tors, RI and Ri2, are at 
the rear of the chassis. 
Ti and L7 are to the 
left, with C29 and Rio 
above. is is in the ex-
treme rear left-hand 
corner. At top center. 
supported on insulated 
tie points, I. to r., are R9. 
R2 and Ra. In the up-
per left-hand corner are 
R4. RI3 and RI4 and 
RPCI, Ci and Ca are to 
the right. Shielded wir-
ing and disk-ceramic 
condensers are applied 
according to method 
described in the chap-
ter on TYL 

• 

Fig. 6-46 — Looking into the 
oscillator compartment. Li 
and S2 are at the top with Co 
below. RFC2 and Cu are sup-
ported on a tie point in the 
foreground. Ri, C2 and C4 are 
to the rear of the tube. C5 is 
soldered between Cs and the 
tube socket. RECI and C7 are 
hidden by the tube and tun-
ing condenser. The cover of 
the amplifier is hinged at the 
center for changing coils. The 
latch at the rear engages the 
rear lip of the box so that the 
lid is drawn down tight. No-
tice the numerous ventilating 

• 

amplifier doubling, the grid current should be 
adjusted to the maximum possible (5 to 6 ma. 
under load) and the cathode current limited to 
about 120 ma. Loading can be adjusted by CIO 
which tunes the link circuit. 

In fringe areas, a low-pass filter may be re-
quired for 21- and 28-Mc. operation. On lower 
frequencies, or in the presence of good TV signals, 
the use of a conventional antenna tuner will 
usually be adequate to suppress TVI. 

(Originally described in QST, December 1952.) 
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A Completely-Shielded 90-Watt Transmitter or Exciter 

The transmitter shown in Figs. 6- 48 through 
6-52 is designed for the reduction of v.h.f, har-
monic radiation without requiring special con-
struction for shielding purposes. It uses a stand-
ard 3 by 4 by 17 inch chassis as the main en-
closure. The plug-in coils are provided with indi-
vidual shields using 3-inch diameter removable 
shield cans that also are standard items. 
The final amplifier is a 6146, driven by a 6AG7 

frequency multiplier that is driven in turn by a 
6AG7 crystal oscillator-multiplier. Provision is 
made for driving the latter tube from an external 
VFO. The power output is approximately 60 
watts on all bands from 3.5 through 28 Mc. at 
the 90-watt input c.w. rating of the 6146. With 
plate modulation the 67-watt input rating gives 
a carrier output of close to 50 watts. 

Oscillator Circuit 

The crystal oscillator uses the grid-plate cir-
cuit and is intended for use with either 3.5- or 7-
Mc. crystals. Its plate circuit, LiC4 in Fig. 6-49, 
covers the range from 7 to 14.5 Mc. and L1 is 
wired permanently in the circuit. When using 
7- Me. crystals C4 is tuned toward its high-
capacity end when 7-Mc, output is required for 
the following stage, and near the low-capacity 
end when the buffer is driven on 14 Mc. With 
3.5-Mc. crystals C4 is set near maximum capacity 
for 7-Mc. excitation of the buffer, and at or below 
midscale for 3.5-Mc. excitation. The tuning in the 
latter case corresponds to the setting that gives 
minimum harmonic output from the oscillator; 
at 3.5 Mc. enough fundamental voltage gets 
through to the buffer grid to give it adequate 
drive. Coil changing in the oscillator circuit is 
avoided by this method. 
For VFO input the feed-back condenser, C2, is 

shorted to ground for r.f. by Si. The crystal 
should be removed from its socket when using the 
VFO. A coaxial connector is used for the VFO cir-
cuit, and the VFO should be of the type that in-
cludes the length of coax as part of its tuned 
output circuit. The VFO output can be on either 
3.5 or 7 Mc., depending on the final output fre-
quency and the choice of method of operation, as 
described later. 

Fig. 6-48 — A compact and completely shielded low-power trans-
mitter using a 6146 as the final amplifier. It can be used at an input 
of 90 watts on c.w. or 67 watt« for plate-modulated 'phone. The unit 
is mounted on a 3 4-inch rack panel. 

Frequency Multiplier 

The frequency multiplier or buffer stage is 
coupled to the final amplifier grid by a pi network. 
This type of circuit permits using a relatively 
large fixed capacitance, Cg, directly from grid to 
ground in the amplifier circuit and is highly ad-
vantageous in preventing v.h.f, harmonics gen-
erated in the grid circuit from developing an 
appreciable voltage between grid and ground. 
This not only prevents amplification of such har-
monics in the plate circuit but also helps keep 
harmonie currents from flowing in the d.c. grid 
return lead. 

Cg is also useful in stabilizing the final ampli-
fier to prevent self-oscillation at the operating 
frequency. The larger the capacitance of Cg in 
comparison with the capacitance in use at C7, 
the greater the impedance step-down between 
the buffer plate and the amplifier grid, thus the 
buffer plate resistance is reflected as a com-
paratively low resistance at the grid of the am-
plifier. This, together with the fact that any 
energy fed back from the amplifier plate circuit 
through the tube's grid-plate capacitance cannot 
develop much feed-back voltage across the large 
fixed capacitance between grid and cathode, 
effectively prevents self-oscillation and avoids 
the necessity for neutralization of the amplifier. 
The optimum circuit values for this purpose are 
given in Fig. 6-49 and the buffer coil table. 
On 3.5 Mc. additional capacitance, Cg, is con-

nected in parallel with Cg to provide proper cir-
cuit operation. On all frequencies the buffer 
tuning condenser, C7, is near minimum capacity 
at the proper operating setting. A 50 1.4ifd. con-
denser can be used instead of the one specified in 
Fig. 6-49, if desired. 
L2 and L3 are small coils in the buffer grid 

and plate circuits to prevent v.h.f. parasitic os-
cillations in the buffer stage. 

Amplifier Output Circuit 

The amplifier output circuit also is a pi net-
work, designed specifically for working into 
essentially resistive loads between 50 and 75 
ohms. It is therefore suitable for working into 
properly terminated coaxial cable of the usual 

impedance values. In cases where the 
antenna is fed by types of line other 
than coax, an antenna matching net-
work or antenna tuner of the coax-
coupled type described in the chapter 
on transmission lines should be used. 
This permits operating the coax link at 
a low standing-wave ratio and provides 
the proper load for the 6146 amplifier 
circuit. 
The amplifier tank condenser, C12, is 

a split-stator type connected to the coil 
socket in such a way that only one sec-
tion is used on all bands except 3.5 Mc., 
where the second section is connected in 
by means of a jumper in the coil form. 
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RFC, 

OSC 
6A67 

VFO 
C,  

XTAL 

7-14 Mc 

6AG7 6AG7 6146 

a 

C30 
29 

63V ONO. 

C1, Ca, Ca, C6— 470-ggfd. mica. 
C2 — 150-mg fil. mica. 
C4, C7 — I 10-mufd. variable ( Millen 19140) 
Co, CO — 100-µµ1.11. silver mica. 
Cm — 0.001-afd. mica, 1200-volt working. 
Co — 470-ggfd. mica, 1200-volt working. 
Ci2 — 100-gafd. per section variable, 1000-volt spacing 

(National TN1S-100D). 
— 325-gafd. variable ( Millen 19325). 

Cii — 470- pfd. silver mica. 
C15 to C32, inc. — 0.001-gfd. ceramic, midget size. 

Ra — 47.000 ohms, !,-watt. 
112— 47,000 ohin,, 1 watt. 
Iii — 15,000 ohms, 1 watt. 
Rh — 27,000 ohms, 1 watt. 
— 150 ohms, !4 watt. 

117 — 2.2 ohms (2X shunt for 0-25 milliammeter). 

C,, 

wenei 

+ 300 

4-

C,9 

- 

BUFFER 
R4 COIL SOCKET 

RFC4 

AMP 
6146 

KEY 

5. 
ic27 

3 

o 
GRID 

Fig. 6-49 — Circuit diagram of the transmitter. 

L4 in the amplifier plate lead is for the purpose 
of preventing v.h.f. parasitic oscillation in the 
amplifier. 

Other Circuit Details 

Cathode currents of all three tubes can be 
measured by means of the meter switching ar-
rangement shown in Fig. 6-49. The amplifier grid 
current also can be measured. The 0-25 milliam-
pere scale is used directly for measuring the oscil-
lator cathode current and amplifier grid current, 
the meter being shunted by 100-ohm resistances 
in each of these two positions to preserve circuit 
continuity when the switch is in other positions. 
In the switch position for measuring buffer 
cathode current the meter is shunted by a low 
resistance that multiplies the scale by 2, and 
when the final amplifier cathode current is meas-
ured the meter is similarly shunted by a resistance 

AMP. 
COIL SOCKET 

RF 
OUT 

'34-.1712 

7 TO 28 Mc 

AMP COILS 

3 S-4 Mc 

7 TO 28 Mc 3 5 Mc 

BUFFER COILS 

—Mt ohms ( 10 X shunt for 0-25 milliammeter). 
Rs, Rio — 100 ohms, 3':,Y watt. 
JI, J2 — Coax connectors, chassis type. 
Ja — Closed-circuit jack. 
11FC4, RFC,, RFC4 — 2.5 mli. r.f. choke (National 

R-100S). 
RFC, — 1-mh. r.f. choke (National 11-3005). 
RFC5— 2.5-mli. r.f. choke (Millen 34300-2500). 
Li — 13 turns No. 22, diameter 1 inch, length I inch. 
1.2— 16 turns No. 30 d.c.c. on 3/2-watt resistor. 
L3 — 6 turns No. 14, diameter r‘i 6 inch, length I inch. 
1.4 — 8 turns NO. 18, diameter WI inch, length inch. 
Ls, 1.6 — See coil table. 
—0 25 d.c. milliammeter (Simpson Model 125). 

Si — toggle. 
S2— 2-pole, 4-position wafer switch, non-shorting 

(Centralah 2505). 

that multiplies the range by 10 so that the full-
scale reading is 250 milliamperes. The values of 
multiplier resistance required in these two cases 
will depend on the type of instrument used and 
should be adjusted to the proper value experi-
mentally. The method is described in the chapter 
on measuring equipment. 

Loading is controlled by the output condenser, 
C13. Although it has the highest capacitance 
available in condensers of this construction, it 
is not large enough for proper operation of the 
pi network on 3.5-4 Mc., so an additional capaci-
tance, C14, is connected in on this band by means 
of a jumper in the coil form. This large fixed 
capacitance restricts the adjustment range pos-
sible with C13, 80 two coils are needed for proper 
loading in this band. The one covering the 3500-
3750-kc. range is adjusted for proper loading to 
maximum permissible tube input at c.w. ratings, 
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Fig. 6-50 — The shielded power wiring should be installed before the r.f. components are permanently mounted, in-
cluding the ceramic by-passes across the ends of the shielded wires. The wires running along the center of the chassis 
go to the heater and grid choke of the final amplifier. The two that follow the chassis corner at the left are from the 
oscillator and buffer cathodes to the meter switch. 

and the 3750-4000-kc. coil is similarly adjusted 
for sufficient range to give maximum tube input 
at 'phone ratings. 

Amplifier cathode keying is shown in Fig. 6-49, 
but any method may be used with appropriate 
changes in the diagram. A lead is brought out 
from the " hot" end of the amplifier grid leak, 
I4, so that the d.c. voltage developed by excita-
tion may be used to control a screen protective 
tube if an earlier stage is keyed. The circuit 
constants in the oscillator and buffer stages in 
Fig. 6-49 are such that both these tubes can run 
without excitation, with a 300-volt plate supply, 
without exceeding the plate dissipation rating 
of either 6AG7. This permits keying the VFO 
when separate VFO input is used. 

Shielded wiring for preventing harmonics from 
flowing on supply leads is indicated in the circuit 
diagram. These leads should be by-passed by 
midget ceramic condensers at the points indi-
cated, using the technique described in the TV! 
chapter. The corresponding technique for high-
voltage mica by-passes is used for the amplifier 
high-voltage plate lead. 

All three tubes have parallel plate feed. This 
permits grounding the tank condensers directly 
to the chassis, which is advantageous both me-
chanically and electrically. In the buffer and 
amplifier stages parallel feed is a necessity be-
cause the pi networks cannot be series-fed. 

Construction 

All of the circuits with the exception of the 
buffer and amplifier coils are inside the chassis. 
The metal 6AG7s provide their own shielding. 
The 6146 mounts through the rear chassis wall 
and is covered by the same type of shield can 
(ICA No. 1549) as is used to cover the tank coils 
except that it is trimmed down a bit in length 
and is drilled with %-inch holes above and 
below the tube to give ventilation. The location 
of the principal components is shown in the 
bottom view. 

Since the space underneath the chassis is 
limited, some care must be used to fit the parts 
in. The best plan is first to lay out the complete 
transmitter and drill all holes in the chassis, 
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making sure that everything is provided for be-
fore anything is permanently mounted. Make the 
partitions and amplifier tube mounting bracket 
and fit them in place before drilling any mounting 
holes for them in the chassis. Mounting holes 
in these pieces may then be used to locate the 
corresponding chassis holes. The tube socket 
bracket and final tank condenser together form 
a separate subassembly on which most of its 
wiring may be done, including the shielded cath-
ode lead to the meter switch, after the mechanical 
fit has been checked. The bracket is drilled to 
clear the rear shaft extension of the condenser and 
uses holes already present in the condenser back 
plate for mounting. The plate blocking conden-
ser, CIO, is mounted on the screw which is part 
of the stator plate assembly; this condenser must 
be as close as possible to the condenser so that it 
will clear the coil socket mounted on the rear 
chassis wall. A short stand-off insulator is 
mounted just to the left of the tube socket, at 
the left in the bottom view, to mount the plate 
lead and one end of the parasitic choke, 114. 
The center partition should have a Y2-inch 

hole at the point where the amplifier grid lead 
comes through from the buffer stage, and should 
be cut out about inch at the bottom where it 
must fit over the shielded wiring laid on the 

Buffer and Amplifier Coil Table 

Coils wound on 1% inch diameter forms (National X11-4 
and XR-5) 

Wire No. of Turna per 
Size Turna Inch L, tilt.* 

Buffer coil, L5 
3.5 — 4 Me. 26 42 28 48 
7 Mc. 22 25 20 18.4 
14 Mc. 18 10 10 3.5 
21 Me. 18 5 10 1.34 
27 — 30 Me. 18 33i 10 0.86 

Amplifier coil, Ls 
3.5 — 3.75 Mc. 18 23% 16 14.5 
3.75 — 4 Mc. 22 25% 20 18.7 
7 Me. 18 17% 12 8.3 

14 Mc. 18 10% 8 3.25 
21 Mc. 16 6% 5 1.36 
27 — 30 Me. 16 4% 5 0.84 

• Measured values with coil unshielded. 
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chassis. These parts arid the meter shield should 
be the last things mounted, after all other assem-
bly and wiring has been completed. 
The shielded wiring should be laid in first, 

as shown in Fig. 6-50. Soldering lugs may be 
used as hold-downs, the wire shield being spot 
soldered to each such lug. Start the leads, fitted 
with ceramic by-passes, at the output terminal 
strip or tube socket, as the case may be, and run 
them to their final locations, temporarily mount-
ing the part at which they terminate to get the 
exact lead length. Then trim the wire and install 
the ceramic by-pass when called for in the 
diagram. 

After the shielded wiring is in place, install 
the amplifier coil socket and wiring, leaving 
enough lead length to reach the tank condenser 
to be mounted later. This coil socket must be 
mounted with the ring outside the chassis in order 
to provide sufficient clearance for the amplifier-
tube subassembly. Then complete the oscillator 
and buffer assembly and wiring, except that the 
buffer coil socket should not be mounted because 
it interferes with installing the amplifier subas-
sembly. Also mount and wire the key jack and 
meter switch, including mounting and finishing 
shielded leads for the meter. 
When this has been done the amplifier tul )e 

subassembly may be permanently installed and 
the connections to it completed. After installa-
tion t le amplifier Idate choke should be mounted, 
using the chassis hole for the 6146 for access. The 
buffer coil socket and amplifier output condenser, 
C13. may then be installed and the wiring com-
pleted. The last operation is to mount the meter 
shield. 

Since the size of some parts is critical, in view 
of the limited space, the specific components used 
in the unit shown are designated in the circuit 
caption. 

Operation 

The final amplifier is operated straight through 
on all bands and the buffer amplifier preferably, 
although not necessarily, is operated as a fre-
quency multiplier. On bands where the buffer is 
used as a straight amplifier care must be taken to 
choose tuning conditions that do not permit 
self-oscillation in the buffer stage. On 3.5 Mc. 
with either crystal or VFO control there is no 
tendency for the buffer to self-oscillate because 
its grid circuit is not resonant at the operating 
frequency. On this frequency the principal pre-
caution to be observed is that C4 should be 
tuned so that the drive at harmonics of the input 
frequency is not excessive. The proper setting for 
C4 is the one that results in maximum amplifier 
grid current when the buffer plate circuit is 
properly resonated. 
When operating on 7 Mc., C4 should be toward 

minimum capacitance, but not far enough to 
resonate at 14 Mc. Adjust for maximum amplifier 
grid current, with the buffer plate circuit reso-
nated, by varying C4 toward minimum capacity. 
When the amplifier grid current is maximum, 
pull out the crystal or shut off the VFO and the 
grid current should drop to zero. If it does not, 
decrease C4 until it does. The grid current should 
be ample with C4 set so there is no danger of 
I niffer oscillation. 

For 14- Mc. operation, set C4 near maximum 
capacitance so that the buffer is driven on 7 Mc. 
and operates as a doubler. Adjust for maximum 
amplifier grid current. On 21 Mc., operate the 
buffer as a tripler, driving it on 7 Mc. and ad-
justing C4 in the same way as for 14 Mc. 
The preferable method of operation on 27-30 

Mc. is to use a 7-Mc, crystal or VFO, adjust C4 
to resonate at 14 Mc., and then double in the 
buffer stage. In this case C4 will be near minimum 
capacity. Alternatively, a 3.5-Mc, crystal or 

Fig. 6-51 — Bottom view of the transmitter completely wired. The oscillator plate coil, Li, is between the two 
variable condensers at the right. The amplifier circuit occupies the left-hand portion of the chassis in this photo-
graph. The chassis is 3 by 4 by 17 inch aluminum and is covered by a 4 X 17 aluminum bottom plate (not shown). 
The bracket on which the amplifier socket is mounted is supported at one end by the plate tank condenser and at the 
other by a partition that shields the amplifier section from the oscillator-buffer section. The amplifier plate choke is 
mounted on the chassis between the tube-socket bracket and the chassis wall, just below the plate-lead terminal.The 
meter is enclosed by a right-angle shield to prevent stray harmonic pick-up that might cause radiation through the 
meter hole in the panel. 
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L1 ç L, 
0+600 

115 V AC. 

o 
6 3 V +300 

C I, C2 — 4-µfd. 1000-volt paper. 
C3 - 8-pfd. 450-volt electrol% tie. 
RI, R2— O.1 megohm, 1 wait. 
Ra — 4000 ohms, 25 watts. 
Rs — 25,000 ohms, 10 watts. 
R5 - 0.5 megohm, %/2 watt. 
Li — 5/25 henrys, 225 ma. 

VFO may be used, in which case the optimum 
method is to double in the oscillator plate circuit, 
the setting of C4 being near maximum capacity, 
and use the buffer as a quadrupler. This results 
in higher amplifier grid current, in the average 
case, than can be obtained by quadrupling in the 
oscillator stage and doubling in the buffer. The 
grid drive for the final amplifier is less than when 
using 7-Mc, crystals or VFO, but is sufficient for 
operating the 6146 at maximum ratings on either 
c.w. or 'phone. Care must be used to select the 
right harmonic when quadrupling in the buffer, 
since the tuning range is sufficient to reach both 
21 and 28 Mc. on the 28-Mc. coil. In all the pre-
liminary tuning, it is excellent practice to check 
the actual frequency of each circuit, particularly 
the buffer plate circuit, with an absorption wave-
meter. 
With any of the types of operation described 

above, the maximum grid current through the 
27,000-ohm amplifier grid resistor should be from 
3 ma. to about 4.5 ma., with the amplifier fully 
loaded. These values are in excess of the normal 
operating figures, the optimum current being 2.5 
to 3 ma. for c.w. operation and 1.8 to 2 ma. for 
plate-modulated 'phone. This is for a plate-supply 
voltage of 600, with a plate current of 150 ma. 
for c.w. operation and 113 ma. for 'phone. 
The method of tuning the amplifier is the same 

on all bands. Assuming that the load has been 
adjusted to represent a pure resistance, or nearly 
so, of 50 to 75 ohms, set C13 to maximum capaci-
tance, apply plate and screen voltage, and 
adjust Cu for minimum plate current. Then 
decrease the capacity of C13 by a small amount 
and reresonate C12. Continue until the plate cur-
rent at the minimum of the dip is the desired 
value. Since the off-resonance plate current of 
the 6146 may run as high as 250 ma. it is advisa-
ble to do preliminary testing at reduced plate 

R4 

OAS VR7S 

2 

RFC 

0000,-0 G 

+S.G. 

Fig. 6-52— Power 
supply diagram for the 
6146 exciter-transmit-
ter. Note: For plate 
modulation, disregard 
the screen-supply cir-
cuit shown, and sup-
ply d.c. screen voltage 
through a 35,000-ohm 
10-watt resistor con-
nected from the "hot" 
end of the modulation 
transformer secondary 
to screen. 

L2— 4.5 henrys, 200 ma. 
— Filament transformer: 2.5 v., 4 amp., 1500-volt 

insulation. 
Tz — Plate transformer: 800 v. each side c.t., 225 ma. 
T3 — Filament transformer: 6.3 v., 6 amp. 
SI, S2 S.p.s.t. toggle. 
RFC — 2.5 mh. r.f. choke. 

and screen voltage, until the proper operating 
conditions have been once established. 

If the load is not the type that is represented 
by a properly-terminated coax line it may or 
may not be possible ta control the loading ade-
quately by means of C13. The pi network con-
stants are fairly critical as to loading, and if 
proper loading cannot be secured it is an indica-
tion that the coax line is not flat. 

Power Supply 

The oscillator and buffer require a total current 
of approximately 50 ma. at 300 volts. In order to 
avoid the excessive plate dissipation that might 
occur with a supply that gives more than 300 
volts, the plate voltage should be regulated by 
means of VR tubes. The plate currents taken by 
the oscillator and buffer do not vary greatly from 
band to band, the oscillator current being about 
20 ma. on all bands and the buffer taking about 
25 ma. on all except 7 Mc. where it is about 12. 
The amplifier requires a 600-volt plate supply 

capable of an output current of 150 ma., approxi-
mately. The screen current averages about 12 
ma. through a dropping resistor of 35,000 ohms, 
the optimum value. A suggested power supply 
circuit is given in Fig. 6-52. This utilizes a single 
plate transformer designed to deliver 600 volts at 
225 ma. through a choke-input filter. 
Compared with other beam tetrodes, the 6146 

operates with quite low screen voltage and the 
ordinary screen protective tube circuit does not 
reduce the screen voltage to a low-enough value 
to prevent excessive plate dissipation when there 
is no r.f. excitation. The circuit shown here con-
sequently includes a VR-75 to cut off the screen 
voltage under such conditions. To compensate 
for the voltage drop through the VR tube the 
screen resistor is reduced to 25,000 ohms. 

(Originally described in QST, Feb., 1952.) 
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A 500-Watt Multiband VFO Transmitter 

Figs. 6-53 through 6-59 show the circuit and 
other details of a 500-watt transmitter with Vie° 
frequency control, capable of operation in any 
band from 3.5 to 28 Mc. It is completely shielded 
and all tuning adjustments, including band 
changing, may be done with the panel controls. 
As the circuit of Fig. 6-56 shows, the VFO uses 

a 5763 in a Clapp circuit operating over a range 
of 3370 to 4000 kc., split into three bandspread 
ranges, tuned by CI, which is fitted with a cali-
brated dial. These ranges, selected by proper set-
ting of C2, are 3500 to 3750 ice., 3370 to 3405 kc. 
(for 11-meter operation) and 3750 to 4000 kc. for 
75-meter 'phone work. 
The oscillator circuit is followed by two isolat-

ing stages. The first is a 6C4 connected as a cath-
ode follower, which is very effective in reducing 
reaction on the oscillator by subsequent stages. 
The result is a keyed VFO with good character-
istics, even on 10 meters. Since the output of the 
cathode follower is quite small, it is followed by a 
5763 in an amplifier fixed tuned in the 3.5-Mc. 
region. 

Frequency multiplying to reach the higher-
frequency bands is done in the next two stages, 
the first using a 5763, while the second employs 
the larger 6146 to drive the final amplifier. These 
two stages are tuned with multiband tuners — 
circuits which have a tuning range that includes 
all necessary bands. Thus no switching or plug-in 
coils are needed. Neither of these two stages is 
operated as a straight amplifier, except on 80 
meters. Frequency is doubled in the 6146 stage 
for output on 40, 20 and 10 meters, and tripled for 
output on 15 meters. The 5763 stage is operated 
at 3.5 Mc. for 80- and 40-meter output, doubles 
to 7 Mc. for 20- and 15-meter output, and 
quadruples to 14 Mc. for 10-meter output. Exci-
tation to the final is adjusted by the potenti-
ometer in the screen circuit of this stage. 
The 813 in the final amplifier also uses a 

multiband tuner to cover all bands. This stage 
is always operated as a straight amplifier, and 
should be entirely stable without neutralization. 
The only switching necessary is in the output 

link circuit in changing between high- and low-
frequency bands. Loading is adjusted by Cio. 
A 50-ma. meter may be switched to read plate 

current in the exciter stages, grid current in the 
driver and final-amplifier stages, or screen current 
to the 813. The /2-ohm resistor in the 6146 high-
voltage lead multiples the meter-sale reading by 
three. A separate 500-ma. meter is used to check 
plate current to the 813. 
The two-circuit rotary switch, Si, is used to 

bias the screens of the 6146 and 813 negative 
while tuning up the preceding stages and setting 
the VFO to frequency. In the first position, both 
screens are biased; in the second position, only 
the 813 screen is biased, while positive voltage 
from a voltage divider is applied to the screen 
of the 6146 so that this stage may be tuned up. 
In the third and fourth positions, positive voltage 
is applied to both screens, but in the last position, 
it is applied to the 813 screen through an audio 
choke so that the stage may be screen-plate 
modulated. 
Two bias rectifiers are included in the unit, to 

supply fixed bias to the 6146 and 813, so that the 
plate currents will be cut off during keying inter-
vals. Both rectifier systems operate from a single 
6.3-volt filament transformer connected in re-
verse. The bias transformer, 7'2, is operated from 
the 6.3-volt winding of the filament transformer, 
T1. 
Two a.c. outlets are provided for connecting 

the primaries of external high- and low-voltage 
supplies into the control circuit consisting of 
three toggle switches. B1 is the ventilating blower 
that starts operating as soon as the filament 
switch is closed. The blower is essential where so 
much power is confined in a small space. The jack, 
J3, provides a means of keying the final amplifier, 
rather than the oscillator, if desired. It also per-
mits plugging in a simple cathode modulator of 
the type described in the chapter on speech ampli-
fiers and modulators. 

It is highly important that the VFO box make 
good contact with the chassis; otherwise the VFO 
may be adversely affected by feed-back from the 

Fig. 6-53 — The standard-rack panel is 123'I inches 
high. Controls (National 1IRS) along the bottom, cen-
ters spaced at intervals of 2% inches either side of cen-
ter, are, left to right, for C4, 53, C), C2, Si (Centralab 
1405), 52 and Cio. Power toggles are below at the center, 
spaced 1 inch apart. The calibrated VFO dial ( National 
SCN) for CI is at the center, with the excitation control 
(National P dial) to the left, and the dial (National AM) 
for Co to the right. National CFA chart frames outline 
the rectangular openings for the recessed meters, 50-ma. 
to the left, 500-ma, to the right. The shielding enclosure 
is built up using aluminum angle, perforated sheet (also 
used for the bottom plate), and self-tapping screws. 



Fig. 6-54 — The components are assembled 
on a 17 X 12 X 3-inch aluminum chassis. 
The meters are housed in 4 X 4 X 2-inch 
boxes, the VFO enclosure is 6 X 6 X 6, 
while the box enclosing La and L4, to the 
right, measures 3 X 4 X 5 inches. The 
special plate choke, RFC1, to the left of the 
813, is close-wound with 129 turns No. 26 
d.c.c. wire, on a Millen 31004 1346-inch 
ceramic pillar. C8 is fastened to the top of 
the choke, while C7 is mounted below near 
the h.v. feed-through. (Both C7 and C8 are 
Sprague 20DK-T5.) The small cones, 
fastened to the condenser frame by drilling 
holes in the assembly rods, support L8. A 
screw, tapped into the same rod, anchors 
the grounded end of L7, whose outer end 
connects to the rear stator terminal below. 
The 813 socket is mounted on ,¡-inch pil-
lars, over a 2%-inch hole in the chassis. 
Along the rear apron are ,13, ja, + h.v. 
(Millen 37001) and ground terminals, a.c. 
power-input connector, two a.c. outlets, 
low-voltage input terminals, and key con-
nector. 

adjacent final tank when working on 80 meters. 
Mounting screws spaced an inch around the bot-
tom lip of the box and correspondingly in the 
top cover, should eliminate this completely. 

Coils 

L1 (35 ph.) is a B & W 80-BCL coil with the link 
and base removed. L2 is given under Fig. 6-58. 
L3 (2.6 ph.) is 31 turns of B & W 3003 miniduc-
tor, while L4 (5.3 ph.) is 30 turns of Type 3011. 
Lg (1.5 ph.) consists of 11 turns of No. 16, %-
inch diameter, 1k6 inch long. Lg (8.9 ph.) has 
29% turns of B & W 3015 miniductor. Lg (1.6 ph.) 
has 7 turns of 3d-inch copper tubing, 2 inches 
diameter, 2% inches long. 

L7 (5.1 ph.) and L8 (4.2 ph.) are made as follows 
from B&W 3905-1 strip coil: Count off 10% turns, 
clip the wire without breaking the support bars. 
Bend the last quarter turn out. This portion is L7. 
Remove the next % turn to make a 3j-inch space 
between L7 and Lg. Count off 10 turns more, eut 
the remainder of the coil stock off. Unwind the 
last turn on Ls to make the necessary lead to the 
stator of C9. Tap Lg at the 8th turn from L7. 

• 
Fig. 6-55 — The VFO box is placed with 
its front wall 135e inches back of the 
panel, central on the chassis. Li is mounted 
on 2-inch cones to center it in the box. The 
shaft of Ci (Cardwell PL-6001 minus last 
stator plate) is central on the box front, 
at a height to match that of Cg. Ca (Card-
well PL-6002) is mounted, between CI and 
the coil, shaft downward, to engage the 
right-angle drive below. C3 (Cardwell PL-
6009) is similarly mounted, to the left of C. 
Grouped to the left are V4, L2, and V3 in 
front, with V8 and VI to the rear, and Va in 
the center. Feed-throughs in the bottom 
of the coil box to the rear connect L3 and 
L4 to C4 below. The ventilating holes are 
over the 6146. Co (Johnson 200DD35) is 
placed with its shaft 234 inches from the 
end of the chassis, and its rear end plate 
1% inches in from the back edge. The three 
feed-throughs to the left connect L8 to Sa. 

Adjustment 

A 400-volt 250-m& supply is required for the 
exciter and the screen of the final amplifier. 
For full rated output from the 813, a supply 
delivering 2000 to 2200 volts at 300 ma. (includ-
ing bleeder current) is needed. The amplifier 
may, of course, be operated at lower plate voltage 
with less power input. The diagram of a suitable 
power unit is shown in Fig. 6-59. 
The VFO tuning ranges should first be ad-

justed. Set Si to the first position, biasing the 
screen of the 6146. Adjust the screen potenti-
ometer in the 5763 multiplier stage to zero, and 
turn on the filaments and the low-voltage supply. 
Set C1 at 95 degrees on the dial (near minimum 
capacitance). Set C2 accurately at midscale. 
Then, listening on a calibrated receiver, adjust C3 
until the VFO signal is heard at 3750 kc. 
Now, tune the receiver to 3500 kc., and turn 

Ci toward maximum capacitance until the VFO 
signal is heard. This should be close to the lower 
end of the dial. By carefully bending the rearmost 
rotor plate of CI toward the rear, it should be 
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OSCILLATOR 

50 

Fig. 6-56 — Circuit of the 813 multi. 
hand transmitter. All unidentified 
0.01- and 0.001-pf. condensers are 
disk ceramics, applied as described 
in the TV1 chapter. All 100-ppf. fixed 
condensers are mica. All resistors not 
marked are 3/2" watt. RFC2 and RFC3 
are National R-60, Cu is Sprague 
1)1)60-561. Rectifiers are selenium 
units. The meters are 3-inch square 
Tripletts. 
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possible to adjust the range of 3500 to 3750 kc. 
so that it covers from 5 to 95 degrees on the dial. 
Some slight readjustment of C3 may be necessary 
during the plate-bending process to keep the band 
centered on the dial. 
Now, set CI at about 15 degrees. Set the re-

ceiver at 3750 kc. and reduce the capacitance 
of C2 until the VFO signal is heard. Then, tuning 
the receiver to 4000 kc., the VFO signal should 
be heard when its dial is set at about 85 degrees. 
Mark this setting of C2 accurately. 

If it is desired to center the 11-meter band on 
the dial, set C1 at midscale. Increase the capaci-
tance of C2 until the VFO signal is heard at 3387 
kc. Mark this setting of C2 also accurately. 

Tuning Chart for the 813 Transmitter 

Oulput (.4 Cé rie 
Rand (Me.) Dial , Rand (Me.) Dial , Band (Me.) Dial , 

3.5 8.8 3.5 6.1 3.5 77 
7 8.8 3.5 0.5 7 9 

/4 1.5 7 9.5 14 82 
21 1.5 7 3.7 21 26 

27-28 4.7 14 1.8 26 7 

, 10-division dial — 10 max. capacitance. 
, 100-division dial — 100 max. capacitance. 

The next step can be done most easily with 
a high-resistance voltmeter connected across 
the grid leak of the 5763 buffer amplifier. Set 
C1 and C2 at minimum capacitance, and adjust 
the slug in L2 for maximum grid voltage. Then 
watch the grid voltage as C2 is swung through 
its range. If there is appreciable increase in grid 
voltage as C2 is turned toward maximum ca-
pacitance, tune L2 to a higher frequency by mov-
ing the slug out more. By correct adjustment of 
the slug, the grid voltage should remain essen-
tially constant over the entire usable frequency 
range. 
Now readjust C2 to midscale and turn the 

meter switch to read 6146 grid current, and turn 
the excitation control to give a reading of 2 or 3 
ma. Resonate the output tank circuit of the 
5763 frequency multiplier at 80 meters (near 
maximum capacitance) as indicated by maximum 
6146 grid current. 

Next, turn Si to the second position, so that 
screen voltage is applied to the 6146, but not 
to the 813. Turn the meter switch to read 6146 
plate current, and resonate the 6146 output tank 
circuit as indicated by the plate-current dip 
(near maximum capacitance). Turning the meter 
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switch to read 813 grid eurrent adjust the excita-
tion control to give a final-amplifier grid-current 
reading of about 25 ma. 
The 813 should be tested initially at reduced 

plate voltage. Plate voltage can be reduced by 
inserting a 150-watt lamp in series with the high-
voltage transformer primary. A 300-watt lamp 
bulb connected across the output connector can 
be used as a dummy load for testing. Make sure 
that 82 is turned to the low-frequency position. 
This position is used for 3.5- and 7-Mc. operation. 
The other position is used for 14, 21 and 28 Mc. 
Turn S1 to the third position to apply screen 
voltage to the 813, apply plate voltage and reso-
nate the output tank circuit (near maximum 
capacitance) as indicated by a dip in plate cur-
rent. Full plate voltage may now be applied and 
C10 adjusted to give proper loading (220 ma. 
maximum). Adjust the excitation control to give 
a final-amplifier grid current of 15 to 20 ma. 
Tuning up on the other bands is done in a 

similar manner, by adjusting the tuners in each 
circuit to the correct band to obtain the desired 
multiplication. The table shows the approximate 
dial setting for each band, but each should be 
checked with an absorption wavemeter and the 
setting logged for future reference. 
A euitable antenna tuner should be used be-
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2 

CH 560 6KV. 

H. V. 

J2 
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365 
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tween the transmitter output and the antenna. 
Antenna tuners are described in the chapter on 
transmission lines. 

(Originally described in QST for January, 1954.) 

Fig. 6.57— Sketch 
showing method of 
mounting meters 
in shielding boxes. 
The meters are sus-
pended from the 
rear covers. 

Meter Face 

e( Formica. 

Metal Spacer 
6-32 Machine Screw 
Rear Box Corer -•"" 
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Fig. 6-58 — The panel drops ls inch below the bottom edge of the chassis. The National ACD-1 right-angle drive 
for C2 is at the center. The other controls along the bottom are placed 1%2' inchet up from the bottom edge of the 
chassis, and the corresponding components mounted so that their shafts line up with the controls. Panel bushings 
should be provided for the shafts of Cm (Cardwell PL-7006), and the right-angle drive; panel-bearing shaft units 
for C4 and Cà (Cardwell PL-6043), and S2 (Centralab 25051. The 6146 is mounted on a 5 X 2-inch bracket be-
tween C4 and C9, whose shafts are fitted with insulating couplings. Cs is mounted on spacers, while C4 is mounted on 
its side on a bracket. T1 (Triad F-18A) and T2 (Triad F-14X) are mounted on another bracket at the center. /..3 
and 1,13, at right angles, are soldered between the terminals of C5 and Pin 4 of the 813 socket, seen through the 234-inch 
hole in the chassis. Cio and S2 are mounted on small brackets. Ta (Triad F-231) and the blower (ay ailable from 
Allied Radio, Chicago, No. 72-702 motor and 72-703 fan) are to the left. The screwdriver-slotted shaft of C3 may be 
seen between the shaft of Ci and the shielded power wires to the left. All power wiring is done with shielded wire 
(Belden 8656, Birnbach 1820, or shielded ignition wire for the 2000-volt line; Belden 8885 for the rest). L2, behind S3 
(Centralab 1411), is a National XR-50 slug-tuned form close-wound with 93 turns No. 36 enameled wire. 

• 

Fig. 6-59 — Circuit of a suitable power supply for the 813 transmitters. 

+100015 
2000 

4400 

C1. Ca — 4-gfd. 2000-volt oil-filled. 
C3, C9, Cfi 600-volt elec-

trolytic. 
R1 — 25,000 ohms, 200 watts. 
82— 15,000 ohms, 25 watts. 
Li — 5/25-h. 300-ma. swinging. 
L2 — 20-h. 300-ma. smoothing. 
L3. L4 — 7-h. 250-ma, filter choke. 
It — 150-watt lamp (Tune up) 
Si, S2 — 10-amp. switch. 
53 — 3-amp. switch. 
T1 — 2.5 volts, 10 amp. 
T2 — 2000 volts d.c., 300 ma. 
Ta - 400-0-100 r.m.s., 250 ma.: 5 

volts, 3 amp. (LTC S-40) 



HIGH-FREQUENCY TRANSMITTERS 

A 200-Watt Transmitter for 160 and 80 Meters 

Figs. 6-60 through 6-64 show circuits laid con-
structional details of a 200-watt transmitter de-
signed primarily for the 160-meter band. How-
ever, it will also work well doubling frequency 
to the 80-meter band in the output stage. 

Fig. 6-60 — A front view of the 160-meter transmitter 
designed by W1TRF, allowing the panel layout. The 
% FO is directly calibrated for 160 and 80 meters on the 
National SCN dial. The lower row of controls are, left 
to right, keying jack, buffer plate tuning, meter switch 
and the filament switch. To the right of the two meters 
are the final plate-tuning and the swinging-link controls. 

Circuit 

The circuit is shown in Fig. 6-62. A 6AG7 is 
used in the series-tuned VFO which works on 160. 
The oscillator plate circuit, which is untuned, is 
capacity coupled to another 6AG7 in the buffer 
stage. Cathode bias is supplied to the buffer stage 
by R3. The buffer screen voltage is taken from the 
regulated source that supplies the VFO section. 
The buffer operates straight through and is 
coupled to the final-amplifier grid by C14. An 813 
was chosen because of its low drive requirements 
and its adaptability te a wide range of plate 
voltages — it is possible to run an input of 200 
watts with a plate voltage as low as 1200. The 
stage is neutralized by means of a simple home-
made condenser, Cr. The conventional neutraliz-
ing connection, shown in dotted lines, was not 
used in this instance. Stray wiring capacitances 
are such that the circuit is " over-neutralized," 
requiring the introduction of positive, instead of 
negative, feed-back for neutralization. Therefore, 
the neutralizing capacitance is directly from grid 
to plate. However, the use of different compo-
nents, or a slightly different layout, may require 
the conventional connection shown in dotted 
lines, rather than the one used. 

Fixed bias is supplied to the final amplifier 
by a 50-ma. selenium rectifier and a small filament 
transformer, T2, working in reverse from the 6.3-
volt filament supply. A VR-150 is used to stabil-
ize the biasing voltage. Screen voltage is supplied 
from the high-voltage source through R8 and R2 
to provide a simple means of modulating both 
plate and screen. 

177 

Construction 

The transmitter is constructed entirely on a 
standard 10 X 17-inch chassis with a 10M-inch 
panel. The VFO portion is built on the left-hand 
side of the chassis. The 6AG7 socket is inverted so 
that the tube extends below the chassis. This 
method allows all of the wiring on the socket to 
be enclosed within the shield. C3, Ca, CS and the 
grid resistor, RI, are all soldered directly to the 
socket, and the filament by-pass condensers, C23 
and C24, as well as the screen by-pass condenser, 
C7, are soldered directly to ground from their 
respective pins. Shielded power wires are brought 
into the compartment through rubber grommets. 
The r.f. plate lead to the coupling condenser, C8, 
is made of a short piece of RG /59-U coaxial 
cable and this also is brought up through the 
chassis along with the power leads. LI, the VFO 
coil, is close-wound on a 1-inch Millen form and 
is mounted on a half-inch cone insulator. The 
ends of the winding are soldered directly to their 
connections. Two half-inch spacers are used to 
hold the VFO tuning condenser, C2, above the 
chassis so as to line the shaft up with the drive 
mechanism of the National SCN dial. The oscil-
lator padder, C1, and its mounting bracket are 
bolted firmly to the chassis. A 3 X 4 X 5-inch alu-
minum utility box is used to cover the VFO cir-
cuit. A small opening cut in the front cover allows 
the tuning dial to turn freely. 
The oscillator plate choke, RFC2, and the buffer 

grid choke, RFC3, are mounted vertically. The 
choke terminals are used as tie points for the 
coupling condenser. C8, and the buffer grid re-

Fig. 6-61 — A view of the VFO section with the cover 
removed. The inverted 6AG7 socket is just to the left of 
the tuning condenser. RFC' is to the front of the 6AG7 
socket, the shielded wire connected to the choke is the 
keying lead. 'I'he grid coil is mounted on a half-inch cone 
insulator. The padder condenser is mounted on a "U"-
shaped bracket to the right of the tuning condenser. 



C1 — 100-55M. variable ( Millen 22100). 
Ca — 50-gpfd. variable (Millen 19050). 
C3, Ca, C14 — 100-ppfd. mica. 
C4, C5 — 680-mdd. silvered mica. 
C6, C7, C9, C11, C12, C13, C15, C16, C23, C24 — 0.01-ufd. 

disc ceramic. 
Cto — 140-ppfd. variable ( Millen 19140). 
C17 — Neutralizing capacitance; see text. 
C18, C20, C21, C22 — 0101-51d. MOO-% oit mica. 
C16 — Dual-section variable, 200-ppfd.-per-section (Na-

tional TMC-200-1)). 
C25, C26— 8-pfd. 250-volt electroly tic. 
C27, C28, Call, C30 — 0.1-pfd. molded. 
RI, Ra — 22,000 ohms, Yo watt. 
Ha — 220 ohms, 1 watt. 
114 — 10,000 ohms, 10 watts, adjustable. 
Bo, 116, 117 — 100 ohms, 2 watts. 
Rs — 25,000 ohms, 50 watts, adjustable. 
Ro — 25,000 ohms, 50 watts. 
Rio — 500 ohms, 2 watts. 
Li — 100 ph. — 68 turns No. 30 s.s.r. close-mound on 

1-inch form. 
La — 70-ph. — 96 turns No. 24. 1-inch diam., 3 inches 

long (B & W 3016 Miniductor). 

sistor, R2. The buffer tuning condenser, Ci0, is 
mounted directly in front of the tube socket on 
the vertical bracket supplied with the condenser. 
A B & W 3016 Miniductor has just about the 
right inductance for L2. 
The 813 socket is mounted directly on the 

chassis to the right of the buffer-tube socket, 
with the coupling condenser, C14, placed so that 
the leads are as short as possible. RFC5, the 813 
grid choke, is in front of the tube socket, near 
the grid-meter shunt. The meter shunting resistors 
for the buffer plate and the 813 grid circuits are 
fastened to a pair of two-terminal lug strips. The 
813 screen-current shunt is mounted on two small 
cone insulators and is connected with high-volt-
age insulated wire, since the screen voltage rises 
to the supply value when the tube is not being 
driven. All external power leads have v.h.f. 
filters. The components are placed in the enclos-
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Fig. — Circuit diagram of the 200-watt 160-meter transmit er. 
1.3 — 1.8 Mc. — 90 Vh. — 56 turns No. 16, 3-inch diam.. 

6 inches looz over-all, 3%-inch space at center 
for L4 (11 O V. 160TVH or TVL with mounting 
for plug-in link). 

3.5 Mc. — 40 ph. — 38 turns No. 14, 3-inch diam., 
6 inches long over-all, .14-inch space at center 
for 1.4 W 80'I'VH or TVL). 

1.4 — 5-turn variable link (B & W 3555). 
MAi — D.c. milliammeter, 50-ma. scale. 
MA2— D.c. milliammeter, 500-ma. scale. 
RFC', liFC2, RFCa, RFCs — 2.5-mh. r.f. choke ( Na-

tional R-100-S). 
11FC4, RFC7 — 7-ph. r.f. choke (Ohmite Z-50). 
RFC 6 — 4-mh. r.f. choke (National R-152). 
11FC8 — Line-filter choke (Ohmite Z-21). 
Si — Single-wafer double-pole 3-position ceramic rotary. 
52 S.p.s.t. toggle. 
SR — 50-,na. selenium rectifier. 
Ti — 6.3-volt 3-amp. filament transformer (Stancor 

P-5014 or equiv.). 
Tz — 6.3.v oit 1.2-amp. filament transformer (Stancor 

P-6134 or equiv.). 
Ta — 10-volt 5-amp. filament transformer (Stancor 

P-6139 or equiv.). 

18 Or 35M 

To Antenna 
or Coupler 

21 

IC22. 

1200 TO 2000V. 

ure formed by the aluminum barrier shield run-
ning the length of the chassis. 
The neutralizing " condenser," C17, consists of 

a strip of aluminum about a half inch wide and 
2 or 3 inches long, bent at right angles and 
mounted on a feed-through insulator near the 
socket grid terminal. The feed-through is con-
nected to the grid terminal and neutralizing is 
adjusted by altering the length of the strip or 
by bending it closer to, or farther from, the tube. 
The output tank condenser, C12, is mounted 

above the chassis on half-inch cone insulators. 
The shaft is connected to the tuning dial through 
a ceramic-insulated shaft coupling. The jack bar 
for L3 is supported on National GS-1 pillar insu-
lators and mounted alongside the tank condenser. 
Another insulated shaft coupling is used to extend 
the shaft of the swinging link to the panel. A 
length of coaxial cable is run from the link assera-



Fig. 6-63 — Top view of the 
160-meter chassis remosed 
from the cabinet. On the rear 
edge of the chassis are the 
tsvo filament transformers and 
the N It tube for the bias sup-
ply. T2 is underneath. In 
front of the transformers are 
the 6 1GT buffer tube. the 
N 11-17,0 regulator for the to 
and the titiritinuni box shield-
ing lit-. illator section. To 
the left of the 813 :ire the 
final tank conde., -, r ond the 
sss inging-iink . 'dong 
the rear of the are the 
high-% ohage connector, the 
115-s oit input connector, the 
grounding post and the ex-
citer low-voltage connector. 

bly to the antenna terminal along the left drop 
of the chassis. 
The shielding barrier is spaced 3 inehes from 

the rear. This enclosure amtitins all of the a.c. 
wiring, the line chokes and the bias supply. The 
high voltage to the final is routed through a feed-
through in the shield. L2 is cemented between two 
ceramic cone stand-off insulators on the other 
side of the barrier. 
The circuit of a suitable power supply for this 

unit is shown in Fig. 6-59. A power transformer 
having a rating of 700 volts, e.t., 70 ma. may be 
substituted for the one specified under T:t. 
turns on the low-voltage supply and the filaments 
of the high-voltage rectifiers. S2 turns on the 
high-voltage transformer. When 53 is open, a 
115-volt lamp, I, is connected in series with the 
primary of the high-voltage transformer to reduce 
voltage during adjustment. 

Adjustment 

After turning on the low-voltage supply, the 
slider on 114 should be adjusted to the point 
where the VIt tube just stays ignited with the 
key closed. At resonance, t he buffer plate cumin 
should be about 22 ma. and screen current ap-

Fig. 6-15.1 — Bottom s iew of 
the 160-meter transmitter. 
114 is to the left. The ins erted 
6AG7 oscillator tube is just 
to the left of the buffer tun-
ing-condenser Ala ft. In front 
of the 811 sock.'t are the 
meter-shunting ri•-i-tors and 
the meter SIA ¡ Wit. ifs and Rs 
art- to the right of the 813 
socket. The final plate choke 
is mounted on the right drop 
of the chassis. All power 
wiring is done vs ith shielded 
wire to suppress v.h.f, har-
monics. 

proximately 8 ma. This should produce an 813 
grid current of 18 or 20 ma. When the key is 
opened, the buffer plate current should drop to 
about 12 ma. while the screen current is reduced 
almost to zero. If there is any variation in buffer 
plate current as the tank circuit is turned through 
its range with the key open, a cheek should be 
made for parasitic oscillation, as discussed earlier 
in this chapter. 

In tuning up the final amplifier, the screen 
resistor, Rs, should be adjusted to leave about 
20,000 ohms in the circuit and quarter or half 
maximum plate voltage applied. A dummy load 
should be connected and the output tank tuned 
to resonance. As the load is adjusted to take 
current, the plate and screen voltages can be 
increased slowly while diecking the stability. 
For normal operation at maximum legal input, 
the screen voltage is raised to 350 and the plate 
voltage to 1200 or 1250. The coupling to the 
antenna or load can then be adjusted, by means 
of the variable link, to bring the power input up 
to 200 watts. 

In the case of 80-meter operation, it may be of 
some advantage to raise t he screen voltage to 400. 

(Originally described it: OST for Judy 1952.) 
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A Simple VFO 

The details of a simple VFO with output at 
1.75, 3.5 or 7 Mc. are shown in Figs. 6-65 through 
6-69. In the circuit, shown in Fig. 6-68, a Type 
5763 miniature pentode in a series-tuned Colpitts 
oscillator circuit drives a similar tube as an 
amplifier or doubler. The output circuit of the 
oscillator stage is bmadbanded through the use 

Fig. 6-65 — A simple VFO delivering output at 1.75 
3.5 or 7 Mc. 

of self-resonant slug-tuned coils at L2, and fre-
quency may be doubled in this circuit, as well 
as in the output circuit, to obtain 7-Mc. output. 
For 3.5-Mc. output, frequency may be doubled 
in either stage. The nominal output is approxi-
mately 2 watts — sufficient for driving the usual 
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crystal-oscillator stage of the transmitter. 
To simplify the bandspread problem, the oscil-

lator tuning range is restricted. At 3.5 Mc. a 
range of approximately 250 kc. is covered. For 
c.w. operation in this band, the band-set con-
denser, C2, is set so that the tuning condenser, 
CI, covers approximately 3500 to 3750 kc. For 
operation in the 'phone portion of the band, C2 
is reset to shift the range to approximately 3750 
to 4000 kc. Corresponding ranges are provided 
at the harmonics, and the oscillator can be tuned 
low enough (by C2) to cover the 11-meter band 
with appropriate doublers. 

Construction 

The unit is built in a 5 X 6 X 9-inch steel 
box with cap-type covers. The components are 
assembled on an aluminum-sheet base supported 
by sections of aluminum angle stock that hold the 
base halfway between the two covers. On top, 
the tuning condenser, CI, is fastened directly to 
the base along the center line. The shaft is fitted 
with a National Type AM vernier dial. The two 
tubes and L2 are in line to the right in Fig. 6-66 
with the output tank coil, L3, to the left of the 
amplifier tube. The L2 coils are wound on Millen 
Type 74001 shielded slug-tuned forms. 

Underneath, in Fig. 6-67, the band-set con-
denser, C2, is mounted against the front of the 
box. A short lead through a feed-through point 
or clearance hole connects the stator of C2 to 
the stator of C1 above. L1 is wound on a Millen 
1-inch coil form and is placed immediately to the 
rear of C2. The output tank condenser, C14, is 
mounted on a bracket with its rear stator termi-

Fig. 6-66— The top of the simple VFO showing the Fig. 6-67 — Bottom view of the simple VFO showing 
oscillator tuning condenser, the tubes and plug-in coils, the arrangement of parts underneath. 
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Fig. 6-68 — Circuit diagram of the simple VFO. 

1.75 or 3 5 Mc. 

5763 5763 

Cg 

 Il  

Ci — Approx. 15-µpfd. variable ( Millen 19025 with all 
but 1 rotor and 2 stators removed) 

C2 — 100-ppfd. variable (Millen 22100). 
Ca, CS — 0.001-pfd. silvered mica. 
Cs, Cg, CDS 100-ppfd. mica. 
Cs, C7, Cs, CII, C12 0.01-pfd. disc ceramic. 

CI3 — 0.001-pfd. disc ceramic. 
Cis — 140-ppfd. variable (Millen 22140). 
RI, R2 — 47,000 ohms, watt. 
1.1 — 62 turns No. 30 d.s.c., 1 inch diam., close-wound. 
1.2 — 1.75 Me. — 210 turns No. 36 d.s.c., j.,¡ inch diam., 

close-wound (Millen 74001 form).(300 ph.) 
—3.5 Mc. — 126 turns No. 30 d.s.c., !,.¡ inch diam., 

nal close to the coil socket. It is placed so that 
its insulated shaft-extension control will balance 
up with the control for C2 in front. 
The various r.f. chokes and fixed condensers 

are grouped closely around the sockets with 
which they are associated in the circuit. All power 
wiring is done with shielded wire and coaxial 
output terminals are provided at the rear for 
either capacitive or link coupling. Key and power 
connections are made through the octal plug. 
Several ventilating holes are cut in the longer 
sides of the box and also in the top cover. 

Adjustment 

The unit requires a regulated 150-volt supply. 
The supply diagrammed in Fig. 6-69 is suitable. 
First adjust RI, Fig. 6-69, to the maximum resist-
ance that will permit the VR150 to stay ignited 
when the key is closed. Then, listening on a cali-
brated receiver, close the key, set C1 at maximum 
capacitance and adjust C2 until the oscillator 
signal is heard at 3500 kc. Tuning C1 should 
then cover the band up to about 3750 kc. Mark 
the setting of C2, set C1 at maximum again and 
adjust C2 until the signal is heard at 3750 kc. 

TI 
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175,3.5 or ? Mc. 

C,3 

close-wound (Millen 74001 form). (75 ph.) 
La — 1.75 Mc. — 55 9h. — 45 turns No. 22 d.c.c., 

136 inches diam., close-wound (Bud OEL-160, 
14 turns removed). 

— 3.5 Mc. — 16 ph. — 20 turns No. 22 d.c.c., 11A 
inches diam., close-wound (Bud OEL-80, 8 turns 
removed). 

— 7 Mc. — 5 ph. — 12 turns No. 22 d.c.c., 1 inches 
diam., inch long (Bud OEL-20). 

Ji — Chassis-mounting octal plug. 
Ja — Female coaxial connector (Jones S101-D). 

RFC, — 2.5-mh. r.f. choke (National R-50). 
RFC2, RFC3 — 2.5-mh. r.f. choke (standard type). 

Then C1 should cover the range from 3750 to 
approximately 4000 kc. Repeat the process, 
setting C2 for about 3350 kc. to obtain the proper 
range for 11 meters. 
To adjust the remainder of the circuit, turn 

the slug of L2 in full. Touch a small neon bulb 
to the capacitive output terminal and adjust C14 
for maximum indication. Check the output fre-
quency with a wavemeter, since indications may 
be obtained at any multiple of 1.75 Mc. When the 
VFO is connected to a following stage, C14 and 
L2 should be adjusted for maximum grid current 
For capacitive output coupling, connection is 
made at .12, while is provided for link coupling. 
With capacitive coupling, the output tank circuit 
should resonate with coaxial-cable lengths up to 
five or six feet. The frequency should be re-
checked, since the setting of C14 will be influenced 
somewhat by the length of the coaxial cable with 
capacitive coupling. C14 may require an occa-
sional touch-up in tuning the VFO across the 
band. A milliammeter connected in series with 
the key should read approximately 40 ma.; about 
half of this is taken by the oscillator screen and 
plate circuits. 

3V. 

Key 

Fig. 6-69 — Circuit diagram of a 
power supply for the simple VFO. 

CI, C2 — 16-pfd. 450-volt electro-
lytic. 

111 — 5000 ohms, 25 watts, ad-
justable. 

1.2 — 10-h. 50-ma. filter choke. 
J1 — Octal socket. 
Si — 3-amp. toggle switch. 
Ti — Power transformer: 325-0-

325 volts r.m.s., 40 ma.; 
6.3 volts, 2 amp.; 5 volts, 
2 amp. 
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A Silenced VFO for Break-In C.W. 

Unfortunately, there is no known practical 
way in which an oscillator, particularly of the 
VFO type, can be keyed without a compromise in 
respect to clicks or chirps. Steps taken to elimi-
nate one will aggravate the other. In the VFO 
unit shown in Figs. 6-70 through 6-74, the 
oscillator is not keyed, but allowed to run con-
tinuously while a subsequent amplifier is keyed. 
The signal from the oscillator is suppressed by 
proper shielding and circuit design, so that it 
does not interfere with reception on any fre-
quency, including the operating frequency, even 
with the receiver r.f. gain control at maximum. 
Any desired shaping of the keyed signal can be 
applied to the amplifier without introducing 
chirps. 
A diagram of the system is shown in Fig. 6-71. 

A very low-power high-C Hartley oscillator ( 15 
to 20 volts at the plate), using a 6BD6 and 
operating in the region of 875 kc., drives a second 
6BD6 as a strictly Class A isolating amplifier at 
the same frequency. The Class A stage, in turn, 
drives a 6AG5 doubler to 1750 kc. This stage is 
keyed by the blocked-grid method. Thus, until 
the key is closed, most of the signal is confined 
to 875 kc. Further supression of harmonics from 
the oscillator is obtained by omitting the cathode 
by-pass condenser in the Class A stage, thereby 
introducing a slight amount of degeneration. 
The output circuits of both the oscillator and 

buffer are broadbanded, and require only initial 
adjustment. The output circuit contains a band-
pass coupler, thus preserving single-control tun-
ing throughout. 

Construction 

The photographs of Figs. 6-70 and 6-72 show 
one method of construction. The unit is housed 

in a standard 5 X 6 X 9-inch steel utility box. 
Small rubber shock mounts are bolted to the 
bottom cover of the box so that the entire assem-
bly can be mounted on a chassis close to the 
input circuit of the transmitter it is used to drive. 
Parts layout within the box is not critical, and 
may be changed from the arrangement shown in 
the photographs to meet individual preferences, 
provided that certain considerations are kept in 
mind. It is desirable to have as much isolation 
as possible between stages to eliminate stray 
coupling of the oscillator harmonic to the output 
circuit. For this reason all heater and d.c. supply 
leads are made with shielded wire. with the 
shield braid grounded at several points. 
Most of the parts are mounted on an aluminum 

shelf cut to fit snugly inside the box, and spaced 
1% inches from the bottom. The interior of the 
bottom is divided into two compartments by a 
shield as shown in the photographs. The larger 
compartment contains the oscillator circuit, and 
the smaller the Class A and doubler stages. 
The coils in the smaller compartment should be 
mounted at right angles to one another. 

In the top view, Fig. 6-70, the oscillator tube 
is at the right of the main tuning condenser, the 
Class A stage at the left, with the doubler cen-
tered about 13A inches in from the left hand edge. 
The adjusting screws for L2 and L3 are visible 
between the tubes. Band-setting condenser C2 is 
mounted at right angles to the main tuning con-
denser, with its adjustment shaft projecting 
through the right hand side of the case. The 
oscillator coil is mounted on a ceramic insulator 
adjacent to the tuning condensers. An extension 
shaft is brought out from the rear of C1 so that 
additional stages may be ganged to the oscillator 
tuning condenser if desired. 

Fig. 6-70 — l'op view of the 
silenced VFO with cover re-
moved. The dial is a Millen 
type 10035. 
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1750-2000 KC. 
L4 L5 To Grid 

of Doubler 

63V +AV leey Key —75V Bras +150V + 300V ! 
AC Reg 

Grid. 

Fig. 6-71 — Circuit diagram of the silenced VFO. 

CI — 140-ppfd. variable ( Millen 19140). 
C2 — 200-44pfd. variable ( Millen 19200). 
C3 — 680-ppfd. silvered mica. 
C4, C7, C11 — 100-44pfd. mica. 
Ca, Cg — 68-ppfd. mica. 
Co, C8, CIO, C13, C18, CI9 — 0.005-pfd. disc ceramic. 
C12 — 0.05-5M. paper. 
CH, C15 — 30-ppfd. mica trimmer. 
C16— 25-ppfd. mica. 
C17 — 33-ppfd. mica. 
RI — 47,000 ohms, AI watt. 
R2, 114 — 10,000 ohms, V¡ watt. 
113— 47,000 ohms, 1 watt. 

Adjustment and Operation 

Some adjustment of the amount of fixed capaci-
tance used in the oscillator circuit may be re-
quired to permit tuning the range 875 ke. to 
1000 kc. With the values shown, only the c.w. 
portion of the 3.5- to 4-Me, band will be covered 
by C1. This results in greater bandspread, but if 
full coverage is desired, the 200-ismfd. condenser 
should be used as C1, with the 140-bed. unit for 
C2. A wide range of frequencies including the 
11-meter band, can be covered by readjustment 
of the band-setting condenser C2. 
The most important adjustment is to make 

sure that the Class A stage is operating true 
Class A, because if grid current flows in this 

Fig. 6.72— Bottom view 
of the silenced VFO. 

• 

+75V Bras Reg. 

Rs — 330 ohms, 1 watt. 
Ro — O.! megohm, watt. 
R7 — 0.22 megohm, 1.¡ watt. 
Rs — 0.25-megohm potentiometer. 
Li — 32 eth. — 47 turns No. 24 d.s.c., close-wound, 1 

inch diam., tapped 14 turns from ground end. 
1.2, L3 — 430 511. (CTC LS-3, 1 Mc.) 
1.4 — 160 ph. — 75 turns No. 36 enam.„ 1 inch diam., 

close-wound. 
F.5 — 175 ph. — 85 turns No. 36 enam., 1 inch diam., 

close-wound on same form as L4, spaced approx. 
e inch. 

stage, the oscillator harmonic will be heard in 
the receiver even when the key is opened, de-
feating the purpose of the unit. To do this, 
resonate the plate circuit of the oscillator in the 
center of the desired tuning range. Then do the 
same for the plate circuit of the Class A stage. 
If no wavemeter capable of tuning the required 
range is available, a receiver tuned to the broad-
cast band can be used. Connect a low-range 
voltmeter, through a 2.5-mh. r.f. choke, across 
cathode resistor Rs of the Class A stage. About 
3 volts bias should be indicated. Now pull the os-
cillator tube out of its socket. The voltage read 
across Rs will remain the same if Class A condi-
tions are being met. If they are not, reducing 
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Hg. 6.73 —.Circuit diagram of a 
suitable power supply for the 
silenced FO. 
CI, C2, C3 — 40-µfd. 450.volt 

electrolytic. 
Ri — 10,000 ohms, 25 watts, ad-

justable. 
112 — 5,000 ohms, 10 watts, ad-

justable. 
14, 1.2, 1.3 — 15 hy., 50 ma. 
Si — S.p.s.t. toggle. 
Ti — Power transformer: 350-0-

350 volts r.m.s., 70 ma.; 
6.3 volts, 2.5 amp.; 5 
volts, 2 amp. 

oscillator output by increasing the size of R3, or 
decreasing the size of either R2 or R4 should 
correct the trouble. 
To adjust the bandpass coupler in the output 

circuit, it is first necessary to connect the unit 
to the stage it is to drive in the main portion of 
the transmitter. This should be done with as 
short a lead as possible. In the arrangement 
shown in the circuit diagram, direct connection 
of the output to the grid of the next stage is 
shown, so that the fixed bias applied to the 
keying circuit can also be applied to the following 
stage. This is a requirement if full advantage of 

(A) 

82 

VFO 
Inpul 

(B) 

SAG? 3 5-71.4c. 

_c. 
Fig. 6-74 — Two suggested methods of coupling the 
VFO unit to the transmitter. In both cases the 6AG7 
is used as either a doubler or quadrupler from the output 
of the VFO. In A, a former crystal.oseillator stage has 
been revised to operate with fixed bias. In B, a switching 
system providing for either VFO or crystal control is 
shown. 

Ct — 0.001-gfd. (or larger) mica. 
Ri — 10,000 ohms, watt. 
R2, R3 — 47,000 ohms, AI watt. 
Si — Double-pole 3-or-more-position ceramic. 

C, 

To 3.5 —7 Mc. 
Tuned Circuit 
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the " silenced" feature of the design is to be 
gained, as explained below. Once connection to 
the grid of the following stage is made, open one 
side of the secondary circuit of the bandpass 
coupler, separate the two coils as far as possible, 
and resonate the primary circuit with the oscilla-
tor set to the center of the band. Reconnect the 
secondary, open the primary circuit, and resonate 
the secondary circuit, adjusting it for resonance 
in the center of the desired pass-band. A grid 
dip meter will be invaluable in making these 
adjustments, although they can be done, at a 
sacrifice of time, by other methods. Once both 
circuits are resonated properly, move one coil 
closer to the other a fraction of an inch at a time 
until the response of the coupler is flat across 
the band. Output should be observed by noting 
grid current in the following stage as the main 
tuning condenser is tuned through its range. If 
the output varies widely from one end of the 
band to the other, readjustment of the trimmer 
condensers, and the coupling between the wind-
ings, is required. Sufficient drive for the former 
crystal oscillator in almost any modern trans-
mitter should be available across the entire band. 
To eliminate the last trace of signal from the 
oscillator, it is usually necessary to apply a 
certain amount of fixed bias to the grid of the 
stage into which the VFO works. When con-
nected as indicated in Fig. 6-71, the 75 volts bias 
from the VFO power supply will be applied to 
the grid of the following stage. If the following 
stage has a grid blocking or coupling condenser, 
this should be removed. Any grid leak in this 
stage also should be eliminated. 

Adjustment of the keying characteristics is 
made by changing the resistance and capacitance 
in the keying circuit, as described elsewhere in 
this book. A variable resistance, R2, is included, 
but some experimentation with the value of C12 
may be needed to suit individual tastes. 
The diagram of a suitable power supply for 

this unit is shown in Fig. 6-73. RI should be 
adjusted until the two VR tubes operating from 
this branch stay ignited under load. R2 should 
similarly be adjusted until the VR tube stays 
ignited under operating conditions. 

(Originally described in QST, Feb. 1950.) 
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A Beat-Frequency Exciter 

Fig. 6-77 shows the circuit diagram of a trans-
mitter frequency-generating unit employing the 
heterodyne principle. The output of the 6AK6 
crystal oscillator at 6500 kc. and the output of 
the 6AK6 VFO, covering the range of 2650 to 
3000 kc., are combined in a mixer of the balanced-
modulator type. The output of the mixer, which 
makes use of a pair of 6BE6s, is tuned to the 
difference between these two frequencies to give 
the range of 3500 to 3850 kc. This range includes 
the c.w. portion of the 80-meter band and, by 
adding suitable frequency multipliers, all other 
bands up to and including the 28-Me, band can 
be covered. With a change of crystal frequency, 
the unit will also cover the 80-meter 'phone band. 
The advantage of such a system is that neither 

oscillator need be keyed for break-in operation, 
since the fundamental and harmonics of both 
oscillators fall outside amateur bands and there-
fore do not cause interference in the receiver. 
Both oscillators run continuously, while the 
mixer is keyed. Thus the keying characteristic 
can be shaped as desired to eliminate key clicks 
without the danger of introducing chirp. 
The 6BE6s in the balanced-modulator circuit 

are connected with their plates in push-pull. The 
VFO drive is fed to the two No. 1 grids in parallel, 
while the crystal-oscillator signal is fed in push-
pull to the No. 2 grids. The VFO fundamental 
and harmonics are out of phase in the push-pull 
output circuit and are cancelled to negligible 
amplitude, so that the only signal present is the 
desired difference beat to which the output circuit 
is tuned. 

Amplifier Section 

The output of the circuit shown in Fig. 6-77 
will be quite low, and unless an adequate buffer-
doubler section is already available, the addition 
of an amplifier will be necessary. Fig. 6-78 shows 
the circuit of a stable output section sufficient to 
drive a beam-tetrode final to rated input on the 

Fig. 6-7.5 — A beat-frequency exciter built by 6RZL. 
The dial at the left controls the frequency of the VFO 
and thereby the frequency of the exciter output. 
'I'he other two dials are for the crystal-oscillator and 
amplifier-output tanks. 
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fundamental frequency. As a feature of con-
venience in tuning, a bandpass coupler is in-
corporated in the output of the mixer, thus 
making readjustment of this stage unnecessary 
over the range of operating frequencies. This 
coupler, consisting of CILi and C2L2, Fig. 6-78, 
is merely substituted for the output circuit C7L3 
in Fig. 6-77 when the amplifier section is added. 
The 6AQ5 untuned buffer stage, although not 
strictly essential, provides a small amount of gain 
and, more important, eliminates the need for 
neutralizing the output stage, even when a 
poorly-screened tube, such as the 6L6, is used. 

Construction 

Figs. 6-75 and 6-76 show an example of the 
construction of a unit of this type. The exciter 
shown in the photographs is not the one whose 
circuit diagram appears here, although the circuit 
is essentially the same aside from the use of 
regular-size tubes. Mechanical stability of the 
variable oscillator, its drift characteristics and 
freedom from a.c. ripple are just as important 
in the beat-frequency unit as they are in a con-
ventional VFO. Although a high-C Hartley VFO 
is shown in the diagram, a Clapp-type circuit can 
be used just as well, with a probable improve-
ment in drift characteristics. It is suggested that 
the first step in construction be the building of 
the variable oscillator, followed by the crystal 
circuit and then the mixer and amplifier sections 
in that order. The proper functioning of each 
stage can be checked as construction progresses. 
Individual shielding of the variable-oscillator and 
mixer coils is recommended. The output tank of 
the amplifier section should be shielded from the 
preceding stages by a partition. In the rear-view 
photograph of Fig. 6-76, the VFO is in a separate 
shock-mounted box to the right. The tube is 
mounted externally in a horizontal position. The 
power-supply to the left is likewise a separate 
unit and is cushioned to prevent transmitting 

Fig. 6-76 — Rear view of W6RZL's exciter. The shielded 
compartment encloses the variable oscillator. The power 
supply is a detachable shock-mounted assembly. Octal, 
instead of miniature tubes, were used in this particular 
unit. 
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XTAL 05C. 

2650 to 
3000 Q.  

14=i, 

1.0 

C4 

6500 Q. 

CI4 

C15 

MIXER 

6BE6 

6AK6 

«.. 2 150V. + 6.3V. 
Rite 

Fig. 6-77 — Circuit diagram of Vi"60‘'S 1"s basic beat-
frequency source. Output from this   4, ill he low and 
an amplifier is recommended unless adequate buffer. 
doubler stages are already available. (See Fig. 6-78.) 

CI, C2 — 57-apfd. mica. 
CS, C4, C12, C13 — 0.01-afd. disk ceramic. 
Cs, Cis — 30-aafd. trimmer. 
Cs, Cs, CS — 0.1-µ1(1. 600-volt paper. 
C7 — 100-add. variable. 
Coo — 140-mafd. variable. 
Cii — 240-siafd. silvered mica. 
CI4 100-pafd. mica. 
Ri — 47,000 ohms, watt. 
112, 11:3, 116 — 10,000 ohms, 1 watt. 
Ri — 47,000 ohms, 1 watt. 
Ra, RS — 470 ohms, VI watt. 
R7 — 10,000 ohms, 10 watts. 
Rs — 3.9 niegohms, 1 watt. 
Li — 26 turns No. 24 d.e.c., 743-inch diam., close wound. 
1,2 — 15 turns No. 24 d.e.c., center-tapped, wound over 

Li. 
La — 32 turns No. 24 d.e.c., 14-inch diam., close 

wound, center-tapped. 
b-3 turns No. 18 hook-up wire wound over center 

of Ls. 
— 19 turns No. 20 enam., 14-inch diam., 1 inch long, 

tapped 5 turns from bottom. 
Le — Primary of 50L6 output transformer. 
RFC' — 2.5-mh. r.f. choke. 

s, 

4 

vibration to the VFO. The tuned circuits of the 
mixer and amplifier are mounted underneath the 
chassis, although the tubes of these stages are 
above. 

Keying 

The 6BE6 converter tubes present substan-
tially constant loading to the variable oscillator. 
To preserve this condition, cathode keying cannot 
be employed. However, the tube design is such 
that Miller effect with changes in space current is 
negligible. Thus, interruption of the plate and 
screen supply offers an excellent method of keying. 
Since this places the " hot" side of the key at 

6E1E6 

R9 

6BE6 

3500 to 
3850 Kc. 

150 volts above ground, a 
keying relay is recom-
mended as a safety meas-
ure. The electrical circuit 

L. can be traced back from 
the key in Fig. 6-77. 

Output Shaping on both " make" 
and " break" is provided, 
with greater emphasis on 
the " break" character-
istic. This gives the type 
of keying generally ac-
cepted as most desirable. 
The larger-than-usual (0.1 
iàfd.) plate and screen by-
pass condensers, as well 
as the plate decoupling 
and screen-dropping re-
sistors, are all part of the 
shaping network. The 
"make" lag is introduced 
in the screen lead through 

6AK6 L6, which is the primary 
of a replacement-type 

4 501.6 output transformer. 
Where the 6AQ5-6L6 out-
put section of Fig. 6-78 
is used, the screen of the 

6AQ5 is connected to the key circuit as indicated. 
This is a further safeguard against the presence 
of residual key-up signal. 

Adjustment 

The circuit of a suitable power supply is shown 
in Fig. 6-79. With both oscillators on, and plate 
and screen voltage applied to the mixer, set the 
variable oscillator on 3000 kc. with the aid of a 
receiver. Now tune the receiver to 3500 kc. The 
desired beat should be clearly audible. Next ad-
just the mixer tuning condenser to give maximum 
signal strength. Repeat this procedure, setting the 
variable oscillator at 2650 kc., and tuning in the 
beat at 3850 kc. This establishes basic tuning 
ranges on the oscillator and mixer dials. 
Now, connect the mixer output to the stage to 

be driven and make the necessary adjustments 
in the mixer tuning to show maximum drive, as 
indicated by the plate milliammeter of the driven 
stage. 
The next step is to adjust the variable-oscillator 

coupling condenser, C15, to the minimum value 
necessary to maintain full drive from the mixer. 
The plate tank circuit of the crystal oscillator 
should be detuned in like manner. Since the 
6BE6s drive very easily, there is no object in 
overdriving; in fact, undesirable interaction could 
result if the drive were excessive. 
The unit is now ready for final calibration and 

installation. In operation, the procedure is to set 
the oscillator tuning dial first and then trim up 
the mixer tuning as required to give necessary 
output. If the output section of Fig. 6-78 is used, 
the bandpass coupler is adjusted by varying the 
settings of C1 and C2 until fairly uniform drive 
over the 3500-3850 kc. band is secured. Oscillator 
tuning and output controls in this ease are the 
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To 
Muter 
Plates 

To 
Miner 

Screens 

II 

Key 

3500 to 
3850 Kc. 

+300V. 

AMP. 

Fig. 6-78 — A stable output section giving sufficient boost 
mental frequency. Note the bandpass coupler substituted 
untuned buffer is discussed in the text. 
CI, C2 — 100-add. trimmer. 
Ca, Cs, C7, Cs — 0.01-µfd. disk ceramic. 
C.2— 0.1-pfd. 600-volt paper. 
Ca — 100.14dd. mica. 
Cg — 100-jed. variable. 
R: — 470 ohms, watt. 
R2 — 470 ohms, 1 watt. 
R3 — 22,000 ohms, 1 watt. 
if. — 600 ohms, 2 watts. 
Ra — 22,000 ohms, 2 watts. 

only ones requiring adjustment for QSY. To 
" zero in" on a station to be called, switch Si ap-
plies just enough voltage to the keyed circuit to 
provide a usable signal in the home-station re-
ceiver. 
To maintain the keying characteristic through 

following transmitter stages, it, will be necessary 
to observe two precautions. (1) In stages where 
fixed bias is used, the amount of this bias should 
be just sufficient to cut off plate current. Addi-
tional operating bias should 
be secured through grid re-
sistance. (2) Adequate drive 
must be provided for each 
stage. 

While the special problems 
of c.w. operation make the 
heterodyne exciter especially 
attractive in this field, it is 
equally adaptable to 'phone 
work. To cover the 75-meter 
'phone band, a 6850-kc. crys-
tal must be substituted for 
the 6500-kc. one used for 
c.w. The 'phone band will 

AMP 

6.3 V. 

RFC2 

+400V. 

in drive to handle a high-power beam final on the funda. 
for the mixer output circuit in Fig. 6-77. Use of the 6AQ5 

Il5V.A.C. 

Fig. 6-79 — Circuit diagram of a power 
CI — 600-volt electrolytic. 
Ca, Ca — 8-pfd. 450-volt electrolytic. 
RI — 10,000 ohms, 10 watts, adjustable. 
— 2.3-hy. 150-ma. 60-ohm filter choke (Stancor 

2304). 

Lo — 32 turns No. 30 enam., in two equal sections 13,¡ 
inches apart on 1 j,¡.inch-diam. form. 

L2 — 26 turns No. 30 enam. wound in area between 
sections of Lb 

L3 — 28 turns No. 14 enam., on FY4 -inch-diam. ceramic 
form. 

L4 — 3 turns No. 18 hook-up wire, wound at cold end 
of L3. 

111 A: — 100-ma. milliammeter. 
RFC: — 2.5-mh. r.f. choke. 
RFC2 — 1.5 mh. r.f. choke. 

be covered in the 2850 to 3000-kc. range of the 
variable oscillator. 

Narrow-band f.m. is readily obtained by con-
necting any of the standard reactance-tube cir-
cuits to the variable-oscillator circuit. An im-
portant advantage of the heterodyne unit is that 
deviation is unaffected by exciter loading. This 
factor also makes the unit ideally suited for fre-
quency-shift transmission on bands where such 
operation is authorized. 

 04400 

300 

+150 

vR-150 

supply for the beat-frequency exciter. 

L2 16-hy. 50-ma. 580-ohm filter choke (Stancor 
C-1003). 

St — S.p.s.t. toggle. 
— Power transformer: 350-0-350 volts r.m.s., 110 

ma.; 5 volts, 2 amp.; 6.3 volts. 3 amp. (Thordar-
son T-22R32). 
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A Remotely-Tuned VFO 

The VFO shown in Figs. 6-80 through 6-84 
is a series-tuned Colpitts (Clapp) circuit built in 
two sections. The large compartment contains 
only the tuned circuit (Fig. 6-81A), while the 
other contains the 5763 tube and a pair of OB2 
voltage regulators (Fig. 6-81B). The two are con-
nected with a piece of double-conductor coaxial 
cable that may be of any length up to 10 feet or 
so. The advantages of such a system are, first, 
that the tuned circuit is well removed from heat-
generating equipment, including the oscillator 
tube itself, and second, that it forms a con-
venient means of remote frequency control. 
While this arrangement was designed primarily 
as a driver for the frequency-multiplier unit de-
scribed later in this chapter. in many cases the 
existing crystal-oscillator tube of a transmitter 
can be substituted for the second unit mentioned, 
if the tube is a 6AG7 or 5763. If the grid-plate 
crystal-oscillator circuit is in use in the trans-
mitter, it should be possible to feed the tuned 
circuit directly through the 2-conductor cable to 
the crystal terminals without modifying the 
crystal circuit in any way. RG-22 /U is recom-
mended for the connecting cable. 
The oscillator operates in the 3.5-Mc, region 

and the bandspread tuning system, consisting of 
C1, C2 and C3, is designed to cover the desired 
frequency ranges in three steps, when C1 and C2 
are altered as described under Fig. 6-81. With 
one setting of C2, the tuning condenser C1 spreads 
the range of 3500 to 3750 kc. out over 95 per cent 
of the National ACN dial. Since this fundamental 
range covers the most-used 80-meter c.w. fre-
quencies, and harmonics of this range cover all 
of the higher-frequency bands, excepting only 

the 11-meter band, this range will usually suf-
fice for 90 per cent of all operating. By shifting 
the setting of C2, the range of 3750 to 4000 Ice. is 
spread out over about 75 per cent of the dial. 
The 11-meter band is provided for by a third 
setting of C2. 

Tuned-Circuit Unit 

The tuned circuit is housed in a 5 X 6 X 9-inch 
aluminum box. An enclosure of this size is needed 
not only to provide mounting for an adequate dial, 
but also to permit spacing the coil well away from 
the sides of the box so that its Q %%rill not be dras-
tically reduced by the shielding in its field. 
The dial is first mounted centrally on one of the 

5 X 9-inch sides of the box. The tuning condenser, 
CI, is then coupled to the dial and the mounting 
step at the rear of the condenser is supported 
against the bottom of the box with a heavy metal 
spacer cut to fit. The band-set condenser, Czi 
is shaft-hole mounted 1 inch in from the left side 
and bottom of the box. This necessitates drilling 
the shaft hole through the edge of the dial frame. 
C3 is soldered directly across the terminals of 
C2. The knob is a National HRS-5. 
The B & W coil is removed from its mounting 

by first drilling out the rivets in the plug-in base, 
leaving the metal angle pieces at each end at-
tached to the coil, and unsoldering the leads 
from the pins. The link winding is carefully re-
moved by snipping the turns and prying the spac-
ing blocks loose with a knife. One turn is removed 
from the coil itself. The coil is then mounted on 
National GS-1 pillar insulators so that it will be 
centrally located in the box in both directions. 
The three-contact jack for the remote-tuning 

Fig. 6-80 — The remotely-tuned VFO. l'he large box contains the timed circuit, the smaller one the oscillator and 
voltage-regulator tubes. The two terminals on the smaller box are for output and key connections. The power con-
nector is at the end opposite the cable connection. 
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VF 0 

C3 

(A) 

Fig. 6-81 — Circuit of the remotely-tuned V FO. 

C1— Approx. 12-ppfd. variable (Ilammarlund 11F-15, 
rear stator plate removed, rear rotor plate bent; 
see text). 

C2 — Approx. 23-ppfd. variable (Ilammarlund 11F-35, 
last stator and last two rotor plates removed). 

C3 — 39-551d. silvered mica. 
C4, CS — 0.001-pfd. silvered 
CS, Cg, Cg, Cg — 0.001-pfd. disk ceramic. 
RI — 47,000 ohms, watt. 
lez — 10,000 ohms, 10 watts, with slider. 
— 35 ph. — 39 turns No. 18, 1 "A inches long, 1¡. 

inches diam. (B & W JEL-80, 1 turn and link 
removed). 

JI, 72 — 3-contact female jack (78-PCG3F). 
is — Key jack — 'phono input jack. 
74 — Insulated 'phone-tip jack. 
is — 4-contact male connector (C-J P-304-AB). 
RFC', Ti FC2 — 1-mh. r.f. choke (National R-50). 

NOTE: RG-22/U remote cable is terminated at each end 
with Amphenol 91-MPM 36 male connector 
to fit Ji and ./2. 

cable is set in the back of the box, and Cy and C5 
are soldered to its terminals. 

Tube Unit 

The photographs show the essential details of 
the assembly of the tube unit. The enclosure is a 
standard 2 X 2 X 4-inch aluminum box. The 
three tubes are mounted on a shelf spaced 1 /2 

inches from the top of the box. This dimension is 
critical if the tubes are to be removed without dif-
ficulty. The keying and output jacks are mounted 
in one of the covers, below the 
shelf level, and the power connect or 
is mounted at one end and the jack 
for the coax cable at the other. The 
resistor, R2, is mounted on top of the 

• 

Fig. 6-82 — Interior 
of the tuned-circuit 
box. C. and Cs are to 
the rear. C3 is sol-
dered across Cg to 
the left in front. 

OUTPUT shelf, alongside the tubes, on 
the same side of the box as 

14 the keying and output jacks. 
This makes it possible to re-
move the tubes and adjust 
the slider by removing the 
blank cover of the box. The 
resistor is supported between 
two small angle pieces joined 
with a piece of threaded rod 
(or a long 6-32 screw) 
through the resistor form. 

All wiring, with the excep-
tion of the connections to the 
keying and output jacks and 

the cable connector, can be done before the shelf 
is placed in the box. This includes connections to 
the power connector which mounts from the in-
side. In the bottom view of Fig. 6-84, the plate 
choke, RPC2 is to the lower left, soldered between 
Pin 6 of the 5763 socket and Pin 5 of the socket 
of the first OB2 regulator. The cathode choke, 
RFC1, is above, with one end fastened to Pin 7 
of the 5763 socket, while the other end is left free 
until the cover plate carrying the key jack is 
ready to be put in place. C6 is soldered directly 
across J3. Leads of proper length are made for 
the jacks and cable connector, and these connec-
tions can be made after the shelf has been put in 
place, and just before the cover is put on. Care 
should be used in placing the tubes in their sock-
ets, since there is little height to spare. If neces-
sary, the tips of the tubes can be run up through 
the ventilating holes in the top of the box to al-
low the pins to clear the sockets. 

Power Supply 

Any power supply delivering between 250 and 
400 volts at 50 ma. or more may be used to op-
crate this VFO. If a 120-ma, transformer, instead 
of the 70-ma. unit specified for the power-supply 
diagram of Fig. 6-90, is provided, the VFO and 
the multiplier unit may be operated from the 
single supply. 
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Adjustment 

Adjustment of the frequency range for maxi-
mum bandspread is quite simple. Set C1 to a dial 
reading of 5. Then adjust Cry until the oscillator 
signal is heard on the receiver at 3500 kc. Set the 
receiver to 3750 kc. and adjust C1 until the signal 
is heard. If this occurs with the dial set at less 
than 100, carefully bend the rearmost rotor plate 
of C1 away from the adjacent stator plate, making 
sure that the plates do not touch and short the 
condenser in any position of the rotor. Turn Ci 
again to a dial reading of 5, reset Cry for 3500 Ice., 
and check again for the point where CI tunes to 
3750 kc. By proper adjustment of the rotor plate 
on CI, the 3500-to-3750-ke. range can be made to 
cover the entire dial, or as much of it as desired. 

'Phone Band 

After this initial range has been set, tune the 
receiver to 3875 kc. Set C1 to rnidscale and adjust 
Cry until the VFO signal is heard. Then the range 
of 3750 to 4000 kc. should be approximately cen-
tered on the dial with a coverage of about 75 di-
visions. The range can be shined one way or the 
other by simply shifting Cry slightly. 

Fig. 6-84—Bottom view 
of the tube-unit shelf. 
RFC, is above, RF(.72 be-
low. C6 is soldered to ./s 
on the cover plate. The 
two leads going to the 
left solder to the cable 
connector. The one to the 
left above goes to II, the 
lead to the right to j3. 

Fig. 6-83— The com-
pleted tube section with 
the tubes in place. Ven-
tilation holes are drilled 
in the top of the box and 
in the plate covering the 
free side. 

11-Meter Band 

If it is desired to center the 11-meter band on 
the dial, set C1 to midscale, set the receiver to 
3387 kc. and adjust Cry until the VFO is heard. 
All three settings of Cry should be plainly marked 
so that they can be returned to when desired. 
The cathode current may vary from about 28 

ma. with both C1 and Cry set at maximum capaci-
tance to 37 ma. with both at minimum. 

In using the VFO, the tube unit should be 
placed close to the stage to be driven and fastened 
securely to the chassis. A short lead should be 
used to connect the output terminal to the grid 
of the stage to be driven. If the driven stage has 
no grid condenser, a 100-msfd. mica condenser 
should be connected between the output terminal 
and the grid of the driven stage. If more than 
adequate drive is obtained, the screen of the os-
cillator tube can be connected to the junction 
between the two VII. tubes, rather than to the 
end of Rry as shown in Fig. 6-81. This unit is not 
a power device, and adequate gain in the way of 
a crystal-oscillator tube or other buffer amplifier 
should be provided. 

(Original'ly described in QST, Jan. 1953.) 
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A 6-Band Frequency-Multiplier Unit 
The unit shown in Figs. 6-85 through 6-90 is a 

subassembly containing all tubes and circuits 
necessary for multiplying frequency from any 
low-power 1.75- or 3.5-Mc. VFO or crystal 
oscillator. It gives enough output on any of the 
six bands from 3.5 to 28 Mc. to drive any amplifier 
tube such as the 2E26, 807, or 6146. Changing 
from one band to another is simply a matter of 
clicking a switch and resonating with the single 
control for maximum grid current to a following 
amplifier. 

The Circuit 

The circuit diagram is shown in Fig. 6-86. The 
first stage, operating at 80 meters, uses a well-
screened tube, the 6AK6, because it is called upon 
to work as a straight amplifier when the VFO 
output is in the same band. Type 6C4 triodes are 
used in the remaining stages which are always 
operated as frequency multipliers. 
The 80-meter circuit is designed to cover 3500 

to 4000 kc. Cg is a bandspread padder. However, 
when the bandswitch is turned to the 7-Mc. 
and higher-frequency positions, C11 adds enough 
capacitance across the 80-meter tank circuit to 
shift its lowest frequency to about 3350 kc. so 
that the harmonics will include the 11-meter 
band. It is to this second range that the following 
stages are tracked. The 21-Mc, band is reached 
by tripling frequency in the stage otherwise 
used for 14 Mc. The bandswitch shorts out an 
appropriate portion of L3 for 21 Mc. 
The trimmers, C19 and C2g, are to compensate 

for the difference between the input capacitance 
of the 6C4s and the larger capacitance of the 
screen-grid tube to be used in the amplifier, 
thereby automatically maintaining proper condi-

Fig.6-85 — This small package 
contains the necessary fre-
quency multipliers to give out-
put on any of the six ham bands 
from 80 to 10 from any 1.75. 
or 3.5-Mc. VFO or crystal os-
cillator. The switch knob at 
the bottom selects the band, 
while the single tuning control 
resonates all circuits. Oscillator 
input is connected to the pin 
jack in front; output on the 
desired band is taken from the 
one to the rear. The large hole 
below the row of ventilating 
holes in the side is for adjusting 
the 14-Mc, grid trimmer. A 
single hole in the opposite side 
provides access to the 10-meter 
grid trimmer. 
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tions for tracking. C16, C24 and C36 adjust the 
range over which the tuning condensers will tune. 

All tubes are protected against excessive dis-
sipation, when not being driven, by the use of 
cathode biasing resistors. 

Construction 

If dimensions are to be kept to a minimum, it 
will be necessary to make a special shielding 
enclosure of sheet aluminum. However, if size 
is not considered an important factor, a standard 
5 X 6 X 9-inch box can be used. 
The chassis shown is made from sheet alumi-

num about •j[g inch thick. It is 43/3 inches wide 
and 73x2 inches long, with Y2-inch lips bent down 
along the longer edges for fastening to the sides 
of the box. The box is made to fit the chassis as 
closely as possible and has an inside height of 
43/3 inches. The front and the two sides are made 
from a single piece, with 3/3-inch lips bent along 
both top and bottom edges. Similar lips are bent 
along all four edges of the removable back. The 
two rear corners of the chassis must be notched 
out for these lips. 
The chassis is placed in the box with its top 

surface 2Yt inches down from the top of the box 
and a row of 3-inch holes is drilled along each 
side of the box, just above the chassis level. The 
top cover also is perforated. 
The bandswitch is made up from Centralab 

Switchkit parts. The index assembly is Type 
P-123 and the ceramic wafers are Type X having 
6 positions, 5 of which are used. The switch is 
mounted on aluminum brackets (with the tie 
rods in a vertical plane) to bring the center of the 
shaft 1% inches below the chassis. In the bottom-
view photograph, the first wafer at the top (80) is 
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Fig. 6.86 — Circuit diagram of the single-control frequency multiplier. 

C23, C34 — Approx. 25-ppfd. s ariable (see text). 
C33— 47-, pfd. mica. 
111, 114, 116, R8 — 22,000 ohms, watt. 
112 — 3300 ohms, 1 watt. 
R3-33,000 ohms, 1 watt. 
lis — 2200 ohms, 1 v. att. 
117 — 2350 ohms, 2 watts (two 4700-ohm 1-watt in 

parallel). 
R9 — 1940 ohms, 2 watts (3300-ohm 1-watt and 4700. 

ohm 1-watt in parallel). 
Li — Approx. 12 ph — 24 turns No. 22 d.c.c., 1-inch 

diani., close-mound, or smaller mire spaced to 
length of I inch (see text). 
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Fig. 6-87 — Top interior view of the frequency multi-
plier showing the tubes, coils and the tuning-condenser 
gang. The 80-meter coil is in the foreground with the 
6AK6 to the right. The 40-meter coil and plate trimmer 
are behind the 6AK6 with the 7-Mc. 6C4 to the left. In 
the second section to the rear, the 14-Mc, coil with its 
21-Mc, tap is to the left, followed by the 28-Mc, plate 
trimmer and tube. The 20-meter 6C4. its plate trimmer 
and the 28-Mc, coil are to the right. The lips along the 
top edges of the box are duplicated on the bottom. l'he 
condenser gang is made up of two Hamrnarlund type 
H FD- 100 units. 

spaced h inch from the index head, with its point 
contacts to the left. The second wafer (40) is 
spaced 1 inch from the first with its point con-
tacts to the right. The third wafer (20 and 15) is 
spaced 2 inches from the second with its point 
contacts to the left. The last wafer (output) is 
spaced 1 inch from the preceding one with its 
point contacts also to the left. The rear mounting 
bracket is spaced 3 inch behind the last wafer. 
The front mounting bracket is fastened to the 
index head at the shaft bushing. 
The tube sockets are placed 'Kit inch in from 

the edges of the chassis. The 6AK6 and the 
14-Mc. 6C4 are to the right, spaced 134 and 43% 
inches respectively back from the front edge of 
the chassis. The 7-Mc. and 28-Mc. tubes are to 
the left, spaced back 2% and 634 inches re-
spectively. 
The shafts of the two tuning-condenser units 

are coupled together with a Millen type 39003 
rigid coupling. It may be necessary to file down 
the front end of the coupling close to the setscrew 
hole to permit the setscrew to get a good grip 
on the short tail shaft of the front condenser. In 
the first condenser section at the front (80), the 
last 5 rotor plates are removed. In the second 
section (40), the first 9 rotor plates are removed. 
In the third section (20 and 15), the first 4 rotor 
plates are left in and the remainder are removed. 
The fourth stator plate of this section also is re-
moved, but the rest of the stators are left in. In 
the last section, all rotors except the last four are 
removed. 
The condenser gang is mounted on top of the 

chassis with its front mounting hole M inch from 
the front edge of the chassis. In assembling the 
unit, the condenser gang should be mounted first 
with screws at the two inner mounting holes only. 
Then the switch gang underneath should be 
positioned and the mounting holes in the brackets 
drilled to match the front and rear mounting 
holes of the condenser gang. In other words, the 
switch brackets should be fastened to the chassis 
by means of the front and rear condenser-
mounting screws. After the holes have been 
drilled in the switch brackets, remove the front 
bracket, fasten it down with the front condenser-
mounting screw, slide the front of the switch 
into the front bracket, fasten with the shaft nut, 
and then fasten the rear switch bracket with the 
rear condenser-mounting screw. 

Mount the tube sockets with the plate termi-
nals toward the nearest switch wafer. 
The two grid trimmers, C12 and C28, are 

mounted vertically underneath, CD just to the 
rear of the second wafer and C28 immediately 
behind the third wafer. Half-inch holes are drilled 
in the sides of the box and the chassis lips are 
notched out so that these condensers can be ad-
justed from the outside. The three plate trimmers 
am fastened on top of the chassis, using the near-
est, choke-mounting screw to fasten the grounded 
side to the chassis. The other terminal of the 
trimmer is soldered directly to the appropriate 
tuning-condenser stator terminal. 

Coils 

Approximate inductance values for the coils 
are given under Fig. 6-86 for the benefit of those 
who must wind their own. However, the use of the 
B k W Miniductor coils has the advantage that 
the original coil dimensions can be duplicated 
closely. This is necessary if pruning of the c..)ils 
for tracking is to be avoided. The 80-meter coil, 
LI, is wound on a Millen baketite 1-inch diameter 
form, fastened to the chassis. The other coils are 
supported by their leads which are soldered 
directly to the condenser terminals. The 21-Mc. 
tap on L3 should be made with a piece of wire 
about 3 inches long. When the outer ends of the 
coil are soldered across the condenser terminals, 
this tap, which comes near the top of the seventh 



turn, should be bent in a sweeping curve around 
the auter side of the coil (counterclockwise as 
viewed from the front) to the end of a wire from 
the bandswitch, coming up through a hole in the 
chassis drilled alongside the condenser frame. The 
tap is soldered to the end of this switch wire. 
Don't clip off the excess tap length until adjust-
ments for tracking, described later, have been 
made. 
The Centralab switches have two rotor contacts 

and Cg and Ci7 are most conveniently mounted 
by opening up the lower rotor contact so that it 
does not make connection with the rotor, and 
then soldering the condenser between this termi-
nal and the other rotor terminal above. The 
lower terminal is then used also as a tie point 
for the preceding 0.001-µfd. plate blocking con-
denser and a lead going through the chassis 
to the tuning-condenser stator terminal above. 
C25 and C26 are soldered directly between the 
contact terminals of the two switch sections, 
while C27 is soldered between the terminal of the 
switch and the top end of the near-by grid choke, 
RFC?. C1 is soldered between the input pin jack 
and the grid terminal of the 6AK6 socket. 

Mounting the Unit in a Transmitter 

In mounting the multiplier unit on a chassis 
with other stages, it is not necessary, of course, 
that it be placed close to- the panel. By using 
extension shafts, it can be placed as far to the 
rear as desired. The unit should be fastened 
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Fig. 6-88 — Bottom view of the multiplier chassis 
showing the bandswitch, r.f. chokes and other small 
components. The 80-meter circuit is at the top, the 10. 
meter circuit at the bottom. The 20-meter grid trimmer 
is to the right and behind the second switch wafer. The 
10-meter grid trimmer is to the left of the third wafer. 
This view also shows how the removable back of the 
enclosure is made. The text describes a somewhat dif-
ferent and simpler method of mounting the switch. 

securely to the chassis and the amplifier tube 
mounted close to the output terminal. The grid 
of the amplifier should be connected to the out-
put terminal of the multiplier unit with a short 
wire well spaced from the chassis, and the cathode 
of the amplifier should be grounded or by-passed 
immediately to the chassis. If the grid wire, or 
the path from the amplifier cathode to the multi-
plier box is much over 6 inches long, there may be 
a noticeable loss in output at 28 Mc., and it may 
not be possible to resonate the higher-frequency 
multiplier circuits. 

It is preferable also to have the oscillator 
located on the same chassis as the multiplier unit 
so that the coupling leads will be short. However, 
if the oscillator has the power and tuning range 
to spare, a piece of coax cable can be used, as 
shown in Fig. 6-89. In order to do this, it must be 
possible to retune the oscillator output circuit to 
compensate for the capacitance of the cable. 

Power Supply 

A power supply delivering 375 to 380 volts at 
60 or 70 ma. is required to operate the unit. To 
assure adequate output, the supply voltage should 
be close to this figure. A suitable circuit is shown 
in Fig. 6-90. 

Adjustment 

Until the unit has been tuned up, no plate or 
screen voltage should be applied to the amplifier. 
Means should be provided for checking the am-
plifier grid current, or the voltage across its grid 
leak. While it should be possible to make adjust-

TABLE 8-I 

Typical Voltage Readings* (Supply Voltage 380) 

Stage 80 40 80/15 10 

Switch 
Position 

80 

Cath- 
ode 

Grid 
Leak 

25 

Screen 

235 

Cath- 
ode 

17 

Grid 
Leak 

0 

Gogh- 
ode 

19 

Grid 
Leak 

Cath- 
ode 

16 

Grid 
Leak 

0 

— 0 

0 

0 

130 

65 0 

0 

126 

106 

120 

40 

80 

60 30 221 

211 

207 

207 

40 97 19 
—  
72 

93 

69 

16 
— 
16 

16 

45 

59 

58 

58 

30 

31 

30 

36 

34 

96 

89 15 

10 34 89 

*By dividing these voltages by the associated resistance values. 
any desired current value may be easily calculated. 
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monts without metering the multiplier unit, the 
job will be a little easier if a milliammeter is 
inserted temporarily in the high-voltage lead to 
the power supply, at least. 
With the switch in the 80-meter position, turn 

on the oscillator and tune it to 3500 kc. ( 1750 Ice 
if the oscillator output is at 160 meters). If the 
oscillator is crystal-controlled, use the lowest-
frequency crystal at hand. Now resonate the 
multiplier for maximum drive to the amplifier. 
With the multiplier tuned to resonance, adjust 
the coupling to the oscillator to give maximum 
drive to the amplifier. Maximum drive should 
occur with the oscillator developing a bias of 15 
to 30 volts across the grid leak of the 6AK6. If no 
other means is available, the drive to the 6AK6 
can be reduced by reducing the size of C1, Fig. 
6-89. If a VFO is used, the multiplier should be 
checked at both 3500 and 4000 kc. to make sure 
it is covering the proper frequency range. (The 
multiplier must always be retuned, of course, 
for any appreciable change in oscillator fre-
(luency.) It may be necessary to spread out the 
last few turns of L1 on the coil form to get the 
circuit to hit both ends of the band. Drive to the 

Coax cable \ 

ci re  
VFO Malt. 

input 
= terminal 

Fig. 6-89 — Suggested method 
of coupling VFO to multiplier 
unit. CI should be adjusted to 
give proper drive to first multi-
plier-unit stage. 

amplifier should be essentially the same any-
where in the band, providing the output of the 
oscillator is reasonably constant. 
With the 80-meter stage working properly, 

the switch should be turned to the 7-Mc. position. 
Set the VFO to 3500 kc. and resonate the 
multiplier. If there is no indication of drive to 
the amplifier, it may be necessary to adjust the 
7-Mc. trimmer, Cm, a little bit at a time, retun-
ing the gang, until an indication of output is 
obtained. As an aid, a milliammeter in the high-
voltage lead should show a dip when C16 is tuned 
through resonance. When an indication is ob-
tained, tune the gang for peak drive and then 
adjust Cie to increase the peak The correct 
adjustment is the one where no readjustment of 
either the gang or the trimmer will increase the 
drive. Now turn the oscillator to 3750 kc. and re-
tune the multiplier. The drive to the amplifier 
should be essentially unchanged. 
Now tune the oscillator back to 3500 kc. and 

retune the multiplier for maximum output. 
Leave the multiplier and oscillator tuning at 
this point and turn the bandswitch to 14 Mc. 
Adjust first C24, and then C19, for maximum 
amplifier grid current. It may take a little jug-
gling back and forth between these two before 
a maximum reading of drive is obtained. The 
milliammeter in the high-voltage lead should 

T, 
HV 

—0— 

 o 
6.3 V. 

1159..5 C.   

Fig. 6 90 —  Circuit diagram of a suitable power supply 
for the frequency -multiplier unit. 

CI, Cr — 16-pfd. 600-volt wkg. electrolytic. 
RI — 50,000 ohms, 10 watts. 
1.1 — 12-hy. 80-ma, filter choke. 
Si — S.p.s.t. toggle switch. 
1.1 — Power transformer: 350-0-350 volts r.m.s., 70 

ma.; 6.3 volts, 2.5 amp.; 5 volts, 3 amp. (Stancor 
P-4078 or equivalent). 

show a dip when C24 is tuned through resonance. 
Leaving all tuning adjustments fixed, turn the 

switch to the 21-Mc. position. Now adjust C24 
carefully and note whether an increase or decrease 
in capacitance causes an increase in drive to the 
amplifier. If it is an increase, lengthen the tap 
wire (see preceding section on coils) slightly. 
Then turn the switch back to 14 Mc. and readjust 
C24 for maximum drive. Then switch back to 
21 Mc. and check carefully again. By adjusting 
the length of the tap wire carefully, it should be 
possible to arrive at a condition where maximum 
drive is obtained both at 14 and 21 Mc. with the 
same adjustment of C24. 

Adjustment for 28 Mc. is similar to that for 
14 Mc., although it will be more critical. Careful 
adjustment of C2i and Cm will be necessary for 
maximum amplifier drive. The 11-meter band is 
covered by tuning the multiplier to resonance at 
the desired frequency with the switch in the 
28-Mc. position. The various circuits should be 
checked with an absorption wavemeter to make 
sure that they are tuning to the right multiple. 
When the above adjustments for the low-

frequency ends of the various bands have been 
completed as described, it should be found that 
the output will be essentially the same at any 
point within a given band. 
The accompanying tables show typical voltage 

readings taken with the unit in operation driving 
the grid of a 6146 amplifier. 

(Originally described in QST for April 1952.) 

TABLE 6-11 
Typical Total Current and Output Reading.* 

2') 80 .,.1 15 10 

140 

50 

Amplifier bias" (rolls) 152 195 

47 

187 

53 

144 

80 Total B ma, at resonance 41 

Total B ma. off resonance 45 58 75 78 85 

Total B ma.. no extraction — 35 

• Average supply voltage 380. 

•• Voltage measured across 39,000-ohm grid leak of unloaded 
6146 amplifier. 
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A 6146 Multiband Amplifier 

Figs. 6-91 through 6-95 show the circuit and 
constructional details of a 6146 amplifier using 
a National multiband tuner (Type MB-40SL). 
It is capable of handling up to 90 watts input at 
600 volts with plate-screen modulation, or up to 
750 volts for c.w. operation. This unit, contained 
in a standard 5 X 6 X 9-inch aluminum box, was 

thereby removing the d.c. from the condenser. 
The center tap of the low-frequency coil, L4, as 
well as the rotors of the low-frequency tank con-
denser are grounded. The low-frequency con-
denser section is the one at the rear. 
A combination of fixed bias and a 6AQ5 clamp 

tube cuts the input to zero when excitation is 

CLAMP 6146 
6AQ5 

designed primarily as an amplifier to follow the 
Bandbox frequency-multiplier unit described in 
the preceding section. 
The circuit diagram is shown in Fig. 6-91. To 

permit operation at 600 or 750 volts without ex-
ceeding the voltage breakdown rating of the tank 
condensers in the multiband tuner, the original 
series plate feed was changed to parallel feed, 

(DAQ5 

Fig. 6-91 — Circuit of the shielded 
6146 multihand amplifier. 

Ci, C2, C5, Cs — 0.001-pfd. disk. 
C3, C4 — 0.001-pfd. 1200-volt mica. 

2 RI, R2 — 20,000 ohms, 10 watts. 
Rs — 11,000 ohms, 2 watts (two 

22,000-ohm 1-watt units in 
parallel). 

R4 — 12,000 ohms, watt. 
Li — 5 turns No. 16, ).-inch diam., 

length adjusted for v.h.L 
parasitic, approx. 1% inches 
long. 

C6 L2, La, 1.4 — Multihand-tuner coils 
(see text). 

ji, .12 — Shielded 'phono jack. 
J3 — Octal power plug. 

removed. The 6AQ5 is connected as a tetrode 
with its screen operated from the voltage divider 
made up of R2 and R3. This provides a heavier 
clamper-tube current at low amplifier screen 
voltages than with the triode connection which 
permits the clamper-tube screen voltage to fall 
along with its plate voltage when excitation is 
removed from the amplifier. 

Fig. 6-92 — An 80-watt am 
plifier using a 6146 and a 
multihand tuner. 
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Construction 

All assembly and wiring can be 
done before the unit is placed in the 
box. As shown in Fig. 6-94, the two 
tubes are mounted on aluminum 
brackets slung from the left side of 
the frame of the tuner condenser. 
These are each 2% inches square, 
not including a half-inch mounting 
lip at the rear. (The two separate 
brackets might well be replaced with 
a single shelf running the length of 
the condenser frame.) In the photo-
graph of Fig. 6-94, the lip of the 
6146 bracket is bent upward, while 
the lip of the 6AQ5 bracket is bent 
downward to provide room for the 
components underneath. (If a single Fig. 
shelf is used, the lip should be bent 
downward.) The only other essential precaution 
is to place the socket of the 6146 far enough away 
from the tuning unit so that the tube will not 
interfere with the swinging of the output link. 
The brackets are fastened to the side strip of the 
condenser frame by drilling and tapping holes in 
the frame for 6-32 screws. 

Before the brackets are fastened permanently, 
the holes for the two controls should be spotted 
on the front of the box. These should be centered 
1 313 inches from the bottom of the boxin Fig. 6-92, 
and so that they will line up with the two control 
shafts when the bottom of the condenser frame is 
resting against the left-hand side of the box. (The 
stand-off insulators furnished with the unit should 
be removed and the tuner mounted directly by its 
metal feet.) The shafts are cut off so that they 
may be coupled to panel-bearing units. Holes for 
the power plug and coax connector should be 
punched at the rear of the box where they will not 
interfere with the placement of the unit in the 
box. Holes should also be drilled in the box for the 
output connector, J2. This is placed near the 
junction of the two brackets, as seen in Fig. 6-94. 

Three-terminal tie points should be fastened 
underneath the 6AQ5 bracket for mounting the 

Fig. 6-94 — Side view of the multiband amplifier. 

6-93 — Bottom view of the multiband amplifier. 

four resistors. The grid choke, RFC', is mounted 
on a small angle fastened underneath the 6146 
bracket. 

In Fig. 6-95, the plate r.f. choke is threaded 
onto one of the assembly screws, while the plate 
by-pass condenser, C3, is fastened by its lower 
terminal with a screw tapped into the condenser 
frame. The plate blocking condenser, C4, is 
mounted by soldering one of its terminals to the 
rear stator terminal of the tank condenser. The 
parasitic choke, LI, is wound in the lead from the 
outer end of the plate r.f. choke to the 6146 plate 
cap. A short lead connects one of the link termi-
nals to J2, while the other link terminal is 
grounded to one of the J2 mounting screws. 

All power wiring should be done with shielded 
wire. This includes all wiring to the clamper tube. 
Depending on the most convenient arrange-

ment in combining the amplifier with other units, 
it may be used either in a horizontal position, as 
shown in Fig. 6-92, or in a vertical position. In 
the latter case, ventilating holes should be drilled 
in the side that will be the top. 
The following section discusses power supply 

for and operation of this amplifier. 
(Originally described in QST, May, 1953.) 

Fig. 6-95 — Rear view of the 6146 amplifier. 
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A Bandswitching 80-Watt Transmitter 

Figs. 6-96 through 6-99 show how the three 
preceding units may be combined to form a band-
switching VFO transmitter covering 6 bands. 
Power supply for all units is included. 

Circuit Considerations 

Fig. 6-97 shows the circuit external to the indi-
vidual units. High voltage for the 6146 amplifier 
is obtained from an inexpensive b.c. transformer, 
T1, working into a bridge rectifier. The supply 
delivers 550 volts at a full load to the amplifier 
of 150 ma. on c.w. A choke-input filter is used 
with this supply, and the 6X5GT rectifier fila-
ments are operated from the 6.3-volt winding 
of this transformer. The required filter-condenser 
voltage rating is obtained by connecting 500-volt 
electrolytics in series. A supply voltage of 350 
for the VFO, frequency multiplier, and the screen 
of the 6146 is obtained from a second supply 
using a condenser-input filter. All transmitter-
tube heaters are operated from the 6.3-volt 
winding of the low-voltage transformer. 

Provision is made for the external connection 
of a plate modulator. There are Millen safety 
terminals at the rear for connecting in the output 
of the modulator, and an audio choke is included 
for the screen circuit. Also, an a.c. outlet and 
switch, SI, are available for the modulator power 
supply. 
The rotary switch, S3, performs, in a single 

operation, the combined duties of power control 
and meter switching. In the mid-position, the 
meter is switched to read grid current, plate 
voltage is removed from the 6146, and the screen 
is grounded. While the switch is in this position, 
the VFO may be set to frequency and the fre-
quency multiplier tuned for the desired amplifier 

grid current without putting a signal on the air. 
When the switch is thrown to the right, plate and 
screen voltages are applied to the amplifier, and 
the meter reads plate current with a 10-times 
shunt across the meter. This is the operating 
position for c.w. 

For 'phone operation, the switch is thrown to 
the left, instead of to the right. In this position, 
the modulator-input terminals are connected in 
the plate circuit of the 6146, and the choke, LI, is 
inserted in the screen lead. 

Construction 

The components are assembled on a 13 X 17 X 
3-inch steel chassis, with a 3¡6-inch aluminum 
rack panel SU inches high. An aluminum chassis 
could be used, but is not necessary since the units 
are already shielded in aluminum boxes. Also, 
since each of the r.f. units is shielded and filtered, 
the power wiring has been done with ordinary 
unshielded wire, although, of course, there is no 
objection to the use of shielded wire. 
The frequency-multiplier unit is placed at the 

left-hand end of the chassis, far enough to the 
rear to allow space for shaft couplings between 
the panel and the shaft bearings. To facilitate the 
use of coax-cable r.f, connections between the 
units, the bakelite pin-jack input and output 
terminals of the frequency-multiplier unit were 
replaced with shielded 'phono jacks, similar to 
those suggested for the VFO and amplifier units. 
The amplifier is mounted at the right-hand 

end of the chassis. If the shafts of the panel 
bearings for the amplifier unit are long enough, 
the unit can be spaced back of the panel the same 
distance as the multiplier unit. In this case, the 
link shaft is run through a 3-inch hole in the 

Fig. 6-96 — An 80-watt 6-band bandswitching transmitter built around VFO, 
frequency-multiplier and output-stage units described in preceding sections. 
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115 V.A.C. 
to Mod. P S. 

115V. 

6X 5GT 

L3 

J. LQ_00-0J—. 
1 03 704 

IF 5 V. 
Fig. 6-97 — Power and control circuits for the 80-watt multiband transmitter. 

Pwr. to Amp. 

X 

To Mod. 
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L: 

o 0-n 

S3C S3D 

'Phone -V.F.O. Set - C.W. 

Pw to 
V.F.O. 

Pwr. to 
Bandbox 

X 
P2 P3 

Ci, Ca, Ca, C4 — 16-mfd. 500-volt electrolytic (e.g., 
Aerovox PRS-16). 

RI — 100 ohms, watt. 
R2 — 10-times shunt for 25-ma, meter (No. 30 wire 

wound on 1-watt resistor of 50 ohms or more and 
connected to its terminals. Adjust turns to re-
quired multiplication, see instruments chapter). 

Rn, R4 — 20,000 ohms, 10 watts. 
Rn — 50,000 ohms, 10 watts. 
Li — 35-hy. 15-ma. choke (e.g., Thordarson T.20051). 
L2 — 7-hy. 150-ma. filter choke (e.g., I I alldorson C-

5027). 
La 10.5-hy. 110-ma, filter choke (e.g., Stancor 1001). 
M Al — 3-inch d.c. milliammeter, 25-ma. scale (e.g., 

Triplett 327A). 

panel, while the tuning-condenser shaft is cut to 
fit the insert of the National AM dial. If the 
shafts have been cut short, however, it will be 
necessary to move the unit farther back to make 
room for shaft couplings. 
The VFO unit is mounted in the rear left-hand 

corner of the chassis, with the remote-
tuning cable connector toward the left. 

All three units are fastened down to the 
chassis with self-tapping screws from the 
bottom. If a steel chassis is used, the alumi-
num cover plates of the multiplier and am-
plifier units should be used between the 
chassis and the bottoms of the boxes, the 
self-tapping mounting screws going through 
both the chassis and the covers into the lips 
of the boxes. The paint on the chassis should 

Fig. 6-98 — Inside view of the 80-watt multiband 
rig. Two power supplies are sandwiched in between 
the individually-shielded units. Along the rear are 
modulator-input terminals, a.c. input connector, 
and an outlet for an external modulator power 
supply. 

0 0 

0 0 

Pi — Octal male connector (Amphenol 86-PF-8). 
— Female cable connector to fit VEO connector 

(Jones S-304-CCT). 
P3 - Female cable connector to fit multiplier connector 

(Jones S-304-CCT). 
Si, Sa — S.p.s.t. toggle su itch. 
S3 — 4-wafer 3-position rotary switch, bakelite insula-

tion (e.g., Centralab 1427, or assembled from 
itchkit parts). 

— Power transformer: 375-0-375 volts ran.s., 150 
ma.: 5 volts, 3 amp.; 6.3 volts, 4.7 amp. (e.g. 
Thordarson 24R06U). 

— Power transformer: 360-0-360 volts r.m.s., 120 
ma.; 5 volts, 3 amp.; 6.3 volts, 3.5 amp. (e.g., 
Ilalidorson P-93I5), 

be removed in the areas to be covered by the 
units, so that the shielding will make good elec-
trical contact with the chassis. This operation can 
be made easier by using an application of paint 
remover, being careful not to allow the remover 
to creep beyond the limits of the edges of the 



units and thus spoil the appearance of the 
chassis. 
The low-voltage transformer, T2, is centered 

between the two larger units, and placed as far 
te the rear as possible. A flush-mounting trans-
former happened to be on hand, but a vertical 
type is easier to mount, since it requires no large 
cutout on the chassis. The 5Y3GT is placed to 
the rear of the amplifier box, in such a position 
that it will not interfere with the power plug. 
The high-voltage transformer, T1, is mounted 

in front of the low-voltage unit with a space of 
about 3 inch between the two. The two 6X5GTs 
are, in turn, mounted forward of the high-voltage 
transformer, spaced about 3 inches apart, center 
to center. The 5V4G is in front of the right-hand 
6X5GT, leaving space for the meter. 
The meter is mounted behind the panel as a 

safety measure. It is held in an aluminum 
bracket, with the face of the meter flush with the 
front edge of the chassis. The meter should be 
placed so that its center comes about 7 inches 
from the left-hand end of the chassis, and the 
center of its scale about 5% inches up from the 
bottom edge. The meter-scale opening in the 
panel is cut out to fit the inside dimensions of a 
National CFA chart frame. If desired, a hole can 
be drilled in the panel to give access to the zero-
adjust screw of the meter. A similar chart frame, 
centered 3% inches below, helps to balance the 
panel layout and is very useful for logging the 
rnultiband-tuner settings for the various banda 
since it is not too difficult to tune the amplifier 
up on a harmonic, instead of the desired funda-
mental, without realizing it. 
The two power switches are placed either side 

of a line running through the two multiplier 
controls, and the rotary switch, S3, is centered 
on a line between the two amplifier controls. 
These three switches are mounted 1% inches up 
from the bottom edge. 

Panel bearings for the controls are not used, 
the short extension shafts riding in 34-inch holes, 
reamed out just enough to provide free turning 
without excessive play. 

Holes lined with rubber grommets are drilled 
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Fig. 6-99 — Bottom jeu of the 80-%% all band-
switching transmitter. The low-voltage power. 
supply components and screen audio choke are in 
the upper left-hand corner. Below, at the center, 
are the filter components for the high-voltage 
supply. The biasing battery is held in place by an 
aluminum cleat and a pair of long machine sereus. 
The power-control switch is at the lower left. 

in the chassis to pass the power leads to the 
three units. R.f. connections between the 
VFO output and the multiplier input, and 
between the multiplier output and amplifier 
input are made with RG-59/U coax cable 
in lengths as short as possible to minimize 
capacitance and yet provide shielding. The 
plugs that fit the shielded 'phono jacks can 

be easily attached to the ends of the RG-59/1.I 
by baring the center conductor so that it will 
extend through to the tip of the plug, and fraying 
the braid out around the shell of the plug, and 
soldering. Be sure, however, to leave enough of 
the inner insulation so that the inner conductor 
does not short against the grounded shell. After 
the cables have been carefully made up, it would 
be well to check for short-circuits with an ohm-
meter. 
The filter and audio chokes can be seen in the 

bottom-view photograph. The filter condensers 
are also mounted under the chassis, supported 
at each end on terminal strips. The biasing bat-
tery is held in place with a simple clamping ar-
rangement. A pair of 2-inch machine screws are 
spaced slightly gretter than the width of the 
battery. They are fastened permanently in place 
with nuts. An aluminum cleat with holes to fit 
the machine-screw spacing is held down with 
nuts and lockwashers at the bottom ends of the 
screws. 
The cabinet shown is a Par-Metal DL-128. A 

hole is cut in the left side, toward the rear, to 
line up with the connector in the VFO unit for 
the remote-tuning cable. 

Adjustment 

Adequate drive is obtained with the VFO 
screen operated from the tap between the two 
VR tubes in the VFO unit (approximately 108 
volts). With a fixed bias of 45 volts and a 12,000-
ohm grid leak, grid currents in excess of 3 ma. 
should be obtainable on all bands. It should be 
limited to 3 ma. by detuning the multiplier unit. 
If the power supply shown is duplicated, the 
high-voltage supply should deliver 550 volts 
under a load of 150 ma. plus bleeder current, 
making the operating input to the amplifier a 
little over 80 watts. For 'phone operation, the 
40-watt 807 modulator shown in the chapter on 
speech amplifiers and modulators should be just 
about right for this transmitter. The modulation-
transformer secondary should be set for 5000 
ohms, and the plate current under modulation 
should be limited to 112 ma. 
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A High-Power Tetrode Amplifier 

Figs. 6-100 through 6-105 show the construction 
of a high-power tetrode amplifier covering all 
bands from 3.5 to 29 Mc. It is capable of being 
operated at an input of 1 kw., although it will 
operate efficiently at less input. 
The circuit is shown in Fig. 6-101. The tube is 

the type 4-250A. A National type MB-40L 
"all-band" tank is used in the grid circuit. This 
circuit is a combination of inductance and vari-
able condensers that may be tuned to any of the 
above bands without switching or changing coils. 
A pi-section tank circuit is used in the output. 
It is designed to feed into a flat 52- or 75-ohm 
line, either feeding an antenna directly or through 
a conventional antenna coupler. A B & W rolling-
type variable inductance makes coil switching 
unnecessary in this circuit also. L2 is a separate 
inductance section for 28 Mc. S1 selects the proper 
network output capacitance. 
The amplifier is neutralized by the capacitive-

bridge method. C2 is the neutralizing condenser. 
L1 and R1 form a v.h.f. parasitic-suppressor cir-
cuit. The plate of the amplifier is parallel-fed 
through the special r.f. choke, RFC4. All power 
leads are filtered for v.h.f. harmonics. B1 is a small 
electric blower required as an aid in dissipating 
the heat developed inside the shielding enclosure. 
RFC3 is a safety choke to provide a d.c. path to 
ground in case C27 breaks down. Otherwise, high 
voltage will appear on the output cable if the 
condenser fails. 

Construction 

The amplifier is assembled on a standard 
chassis, 17 X 10 X 3 inches, with a 10%-inch 
panel. The grid tuner is mounted in a separate 
shielding enclosure at the right-hand end of the 
chassis in Fig. 6-102. This box is :3% inches wide, 
5 inches high and 7 inches deep, made of ¡ i3-inch 
aluminum sheet. This same material is used 
throughout the construction. A coax fitting at 
the rear of the grid-tuner box is the input con-
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nector. The grid and neutralizing leads pass 
through the side of the box into the large com-
partment. The constructional details of the latter 
may be seen in Fig. 6-101. The over-all dimensions 
of this section are 13% X 10 X 7% inches high. 
Three-quarter-inch flanges are bent along all four 
edges of the side pieces. The front and back 
pieces have these lips only along the top edges, 
since they are made high enough to allow an 
overlap ever the edge of the chassis at the bottom. 
All sides, except the top, are fastened together 
with 6-32 screws and nuts. The top lid is fastened 
down by tapping screw holes along the lips 
around the top edges, and is perforated with 
34,-inch holes above the area of the tube. 

It is important that the pieces for this enclosure 
be made accurately so as to leave no gap at any 
point. If necessary, the pieces can be made by a 
local sheet-metal worker. 
The plate tank condenser is mounted centrally 

in the box, using sheet-aluminum brackets to 
space it from the bottom. The condenser is placed 
with its end plates running vertically, i.e., on its 
side. The variable inductance, L3, is placed 
alongside the condenser with the small fixed coil, 
L2, mounted by fastening one end to the forward 
right-hand terminal of the variable inductance 
and the other end to a lug under one of the rear 
condenser-stator nuts. A flexible strip of copper 
connects the coax output fitting to the rear 
terminal of the variable coil. 
The output condensers, excepting Ci, are 

stacked up behind the variable coil and the selec-
tor switch. SI, is mounted on a small bracket to 
the rear, so that a control shaft may be run to 
the panel in between the tank coil and condenser. 
C4 is soldered directly across the output con-
nector. It may be helpful to series-resonate this 
condenser at the frequency of a local TV station 
to minimize TVI. This can be done by adjusting 
the length of the condenser leads and checking 
with a grid-dip oscillator, as described in the 

Fig. 6-100 — A high-power 
shielded tetrode amplifier. 
The small enclosure at the 
left contains an all-band 
tuner for the grid circuit. The 
dial near the center controls 
the input condenser of a pi-
section output tank, while 
the knob at the right is the 
control for a roller-type 
variable inductance. The 
switch below selects the prop-
er output capacitance. 
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Fig. 6-101 — Circuit diagram of the amplifier. I'he broken line separates the above- and below-chassis wiring. 

Ci — 220-ppfd. mira. 
C2 — Disc-type neutralizing condenser. approx. 2 pad. 

with at least 14-inch spacing ( National NC-
800A ). 

C3— 150-ppfd. variable, 6000 volts, 0.171-inch .. pacing 
(National TM A- 150A). 

C4, CS, Cs — 100-ppfd. mica, 2500 volts. 
C7, Cs — 220-ppfd. mica, 2500 volts. 
C9, CIO — 470-ppfd. mica, 2500 volts. 
C11 to C22, inc. — 0.001-pfd. dise ceramic, 600 volts. 
C23, C24, ( 25, C26 — 0.005-pfd. disc ceramic, 600 volts. 
C27, C28, C29 — 500- pfd. ceramic, 10,000 volts (Cen-

tralabTV3-501). 
RI — Five 680-ohm i I -i.att carbon resistors in parallel. 
Li — Parasitic coil, 5! 2 turns No. 14, 3'-inch diam. 

RI tapped across 3 turns. 
L2 — 5 turns No. 10, 2M inches long. 1 diam. 
L3 — Variable inductor, 15 ph. max. ( II & W 3852). 

chapter on TVI. At the lower TV frequencies, 
the condenser lead can be formed into a small 
coil of a turn or so. 
The plate-feed r.f. choke, RFC4, is placed to 

the rear of the tank condenser. To be effective 
on all bands, including the 21-Mc, band, it is 
necessary to alter the windings slightly, as shown 
in Fig. 6-103. It is a good idea to check the choke 
for resonances with a grid-dip oscillator after 
it has been placed in the position it is to occupy, 
but before it has been wired in, because proximity 
to surrounding components and shielding may 
affect the resonances. Performance of the choke 
will be poor at any frequency where the g.d.o. 
shows a resonance with the terminals of the choke 
short-ci Tea lied. 
The tube socket is mounted above the chassis 

on spacers that are just long enough so that the 
shielded wires going to the screen and filament 
terminals, with their by-pass condensers, just 
span the distance between the socket terminals 
and lugs fastened to the chassis below each termi-
nal. The lead then immediately passes through 
the chassis. Strips of copper sheet connect the 
plate terminal of the tube to the top terminal of 
the plate choke and the rotor terminal of the 
neutralizing condenser mounted on the right-
hand wall of the enclosure, as shown in Fig. 

1.4 — To series-resonate with C4 at desired TV fre-
quency. 

Bi — Blower and motor, 115 v. a.c. (available from 
Allied Radio, Chicago, catalog No. 72-702 
motor and 72-703 fan). 
Coaxial connectors, chassis-mounting type. 

MAI — 0-50 ma. d.c. milliammeter. 
RFC1, RFC2, FC3— 2.5-mh. r.f. choke (Nor: 

RECI is not supplied with the National N111-40L 
multiband unit). 

RFC4 — National type R-175 choke modified as shown 
in Fig. 6-11i. 

RFCs, 11 FC6 — 2-ph. r.f. choke, 500 ma. (National 
B-60). 

— Single-circuit 7-position ceramic switch, pro-
gressive shorting (Centralab type P-1-S wafer). 

— Filament transformer, 5v. 13 amp. (UTC S-59). 

6-102. The strips should be fitted carefully so as to 
avoid placing any strain on the cap terminal of 
the tube. The filament transformer is fastened 
down in the forward right-hand corner. Power 
terminals are lined up along the rear edge of the 
chassis. All r.f. grounds should be made directly 
to the chassis with the shortest possible lead 
length — even a half inch is worth saving. 

Underneath, the d.c. and a.c. leads come out in 
shielded wire. A 0.001-afd. disc ceramic by-pass 
is used across both ends of each lead excepting the 
high-voltage lead (see TVI chapter for method of 
connection). The high-voltage lead is by-passed 
with TV filter capacitors. RFC6 is installed close 
to the high-voltage terminal. C2o, C26, C26 and C29 
likewise are fastened directly to the power 
terminals where the leads leave the chassis. The 
shielding of the power leads is grounded to the 
chassis by soldering to lugs wherever they pass 
through the chassis. The power wires are inten-
tionally made to follow long paths around the 
edge of the chassis to provide additional harmonic 
attenuation. The braid is grounded at frequent 
intervals by soldering to lugs that also serve as 
hold-downs. 
The blower is mounted on a bracket formed 

from a strip of aluminum. Air is forced through 
a set of holes in the chassis that duplicate in 



HIGH-FREQUENCY TRANSMITTERS 

size and arrangement the holes in the 4-250A 
socket. The filament-transformer terminals pro-
ject through clearance holes drilled in the chassis, 
and the four v.h.f. by-pass condensers, C21, C229 
C23 and C24, are connected directly from the ter-
minals to grounding lugs. 

Adjustment 

The diagram of a suitable power supply for this 
amplifier is shown in Fig. 6-105. With 150 volts 
bias, a grid current of about 25 ma. is optimum, 
although the plate efficiency will change but little 
with any grid current between 15 and 30 ma. The 
single fixed link provided with the grid tuner will 
not provide uniform loading of the driver stage 
with coax input, so means should be provided in 
the output circuit of the driver for varying the 
coupling. 
Optimum screen voltage is about 400 and the 

screen current should run between 50 and 75 ma., 
depending on the plate voltage used. At 2750 
volts, a full kilowatt can be run to the amplifier, 
but it will work well at plate voltages as low as 
1500, with a plate current of 350 ma. 

It is important that the coaxial line into which 
the amplifier works be closely matched (see trans-
mission-line chapter) at its terminating end, 
otherwise there is danger of damage to the mica 
output condensers. To protect the contacts on 
the variable inductance, adjustments should be 
made with litle or no power input to the ampli-
fier. Experience will show where the tap should be 
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SPACE 

SPACE 
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NO CHANGE IN 
THIS SECTION 

--14 TURNS 
—8 TURNS 

5 TURNS 
NO CHANGE 
9 TURNS 
6 TURNS 
NO CHANGE 

NO CHANGE 

Fig. 6-103 — The R-175 choke as modified to work on all 
amateur bands in the 3.5- to 30-Mc, range, including 
21 Mc. 

placed for each band and thereafter it can be 
preset before applying full power. When reducing 
plate voltage, provision should also be made for 
reducing screen voltage, since otherwise the 
screen current may run to dangerous proportions. 

It is advisable to set the tank condenser so as to 
operate the output circuit at a Q in the neighbor-
hood of 12, as shown in the graph of Fig. 6-9, 
although it may not be possible to attain this 
figure at the extremes of the tuning range. 

Fig. 6-102 — Interior of the ,, Itielding compartment Itou.ing the 1-250A and its output circuit. The neutralizing 
condenser and fila,,1,•Ilt ti r iii.,s Iii -,, ii in the fruir anl right-hand corner. 
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Fig. 6-104 — Bottom view of 
the high-power tetrode ampli-
fier, showing the small ven-
tilating fan and the shielded 
power wiring. No bottom 
plate on the chassis is neces-
sary. 

The neutralizing condenser should be adjusted 
for minimum reaction on the grid current under 
actual operating conditions. The approximate 
setting can be determined by the use of a grid-dip 
oscillator tuned to the operating frequency. All 
voltages should be removed and the g.d.o. 
coupled to the plate tank circuit. The neutralizing 
condenser should be adjusted for minimum r.f. 
in the grid tank circuit when both tanks are 
tuned to resonance. R.f. in the grid circuit can 
be checked with the aid of an indicating wave-
meter of the type described in the measurements 

Fig. 6-105 — Circuit diagram of a 
power-supply system for the high. 
power tetrode amplifier. 
Ci — 8-eifd. 450-volt electrolytic. 
C2, C3 — 600-v olt electi:oly tic. 
C4 — 2-afd. oil-filled, voltage rating 

same as transformer r.m.s. 
Ca — 4-nfd. oil-filled, voltage rating 

same as transformer r.m.s. 
Ri — 25,000 ohms, 25 watts. 
R2— 25,000 ohms, 50 watts. 
Ri— 50,000 ohms, 50 watts. 
R4, R8 — 25,000 ohms, 100 watts. 
Li — 30-hy. 50-ma, filter choke. 
L2 — 5/25-hy. 150-ma. swinging. 
L3— 20-hy. 150-ma. smoothing. 
L4 — 5/25-hy. 500-ma. swinging. 
L8 — 20-hy. 500-ma. smoothing. 
Ii — 115-volt lamp of suitable size to 

reduce voltage for tune-up. 
Si — 20-amp. s.p.s.t. sys itch. 
S2, S3, S4 — 15-amp. s.p.s.t. switch. 
S8 — Ceramic s.p.s.t. rotary switch. 

— Filament transformer: 5 
volts, 3 amp. 

Ti — Plate transformer: 400 volts 
d.c., 150 ma. 

T4 — Filament transformer:2.5 volts, 
10 amp., 10,000-volt insula-
tion. 

— Plate transformer: up to 2750 
volts d.e., 350 ma. 

VR — VR-150-30. 

Si turns on all filaments and the bias supply. S2 turns 
on the screen supply and 53 the high-voltage supply. 
With Ss open, a 115-volt lamp is inserted in series with 
the high-voltage-transformer primary to lower plate 
voltage for adjustment. Opening Si likewise reduces 
screen voltage. With all switches except S2 closed, Si 
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chapter. Final touching up can be done after 
checking the operation with voltages applied to 
the tube. In connection with the neutralizing 
circuit, the value of C1 is fairly critical, but a 
capacitance within usual tolerance of the marked 
value should be satisfactory. 

In adjusting the loading on the amplifier, in-
creasing the output capacitance, or increasing the 
inductance, or both, while maintaining resonance 
with the tank condenser, will reduce the loading 
and vice versa. 

(Originally described in QST, Oct. 1952.) 

becomes the main control sy• itch. The tap on R3 should 
be adjusted to give the desired screen voltage under 
operating conditions with St closed. Bias is obtained 
from the parallel-connected 5Z3 half-wave rectifier. The 
tap on Ri should be adjusted until the Vitt tube just ig-
nites without excitation to the amplifier. 
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Power Supplies 
Essentially pure direct-current plate supply 

is required to prevent serious hum in the output 
of receivers, speech amplifiers, modulators and 
transmitters. In the case of transmitters, d.c. 
plate supply is also dictated by government 
regulation. 
The filaments of tubes in a trans-

mitter or modulator usually may be 
operated from a.c. However, the 
filament power for tubes in a receiver 
(excepting power audio tubes), or 
those in a speech amplifier may be 
a.c. only if the tubes are of the indi-
rectly-heated-cathode type, if hum 
is to be avoided. 
Wherever commercial a.c. lines are 

available, high-voltage d.c. plate sup-
ply is most cheaply and conveniently 
obtained by the use of a transformer-
rectifier-filter system. An example of 
such a system is shown in Fig. 7-1. 

In this circuit, the plate trans-
former, T1, steps up the a.c. line voltage to the 
required high voltage. The a.c. is changed to 
pulsating d.c. by the rectifiers, VI and 172. 
Pulsations in the d.c. appearing at the output 
of the rectifier (points A and B) are smoothed 
out by the filter composed of L1 and C1. Ri 
is a bleeder resistor. Its chief function is to dis-
charge CI, as a safety measure, after the supply 
is turned off. By proper selection of value, R1 

also helps to minimize changes in output voltage 
with changes in the amount of current drawn 
from the supply. T2 is a step-down transformer 
to provide filament voltage for the rectifier tubes. 
It must have sufficient insulation between the 

Fig. 7.1—A typical 
transformer-rectifier. 
filter system. In this 
instance the circuit is 
that of a full-wave rec-
tifier with a choke-
input filter. 

filament winding and the core and primary wind-
ing to withstand the peak value of the rectified 
voltage. T3 is a similar transformer to supply the 
filaments or heaters of the tubes in the equip-
ment operating from the supply. Frequently, 
these three transformers are combined in a single 
unit having a single 115-volt primary winding 
and the required three secondary windings• on 
one core. 

Rectifier Circuits 

Half-Wave Rectifier 

Fig. 7-2 shows three rectifier circuits cover-
ing most of the common applications in ama-
teur equipment. Fig. 7-2A is the circuit of a 
half-wave rectifier. During that half of the 
a.c. cycle when the rectifier plate is positive 
with respect to the cathode (or filament), current 
will flow through the rectifier and load. But dur-
ing the other half of the cycle, when the plate is 
negative with respect to the cathode, no current 
can flow. The shape of the output wave is shown 
in (A) at the right. It shows that the current 
always flows in the same direction but that the 
flow of current is not continuous and is pulsat-
ing in amplitude. 
The average output voltage — the voltage 

read by the usual d.c. voltmeter — with this 
circuit is 0.45 times the r.m.s. value of the a.c. 
voltage delivered by the transformer second-
ary. Because the frequency of the pulses in 
the output wave is relatively low (one pulsation 
per cycle), considerable filtering is required to 

provide adequately smooth d.c. output, and for 
this reason this circuit is usually limited to ap-
plications where the current involved is small, 
such as in supplies for cathode-ray tubes and for 
protective bias in a transmitter. 
Another disadvantage of the half-wave recti-

fier circuit is that the transformer must have a 
considerably higher primary volt-ampere rat-
ing (approximately 40 per cent greater), for the 
same d.c. power output, than in other rectifier 
circuits. 

Full- Wave Center- Tap Rectifier 

The most universally-used rectifier circuit is 
shown in Fig. 7-2B. Being essentially an ar-
rangement in which the outputs of two half-
wave rectifiers are combined, it makes use of 
both halves of the a.c. cycle. A transformer 
with a center-tapped secondary is required with 
the circuit. When the plate of V1 is positive, cur-
rent flows through the load to the center-tap. 
Current cannot flow through V2 because at this 
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Instant its cathode (or fila-
ment) is positive in respect to 
its plate. When the polarity 
reverses, 1'2 conducts and cur-
rent again flows through the 
load to the center-tap, this 
time through Vz. 
The average output volt-

age is 0.45 times the r..m.s. 
voltage of the entire trans-
former-secondary, or 0.9 times 
the voltage across half of the 
transformer secondary. For 
the same total secondary volt-
age, the average output volt-
age is the same as that deliv-
ered with a half-wave rectifier. 
However, as can be seen from 
the sketches of the output 
waveform in (B) to the right, 
the frequency of the output 
pulses is twice that of the 
half-wave rectifier. Therefore 
much less filtering is required 
Since the rectifiers work alter-
nately, each handles half of 
the average load current. 
Therefore the load current 
which may be drawn from this 
circuit is twice the rated load 
current of a single rectifier. 
Two separate transformers, 

with their primaries connected in parallel and 
secondaries connected in series (with the proper 
polarity) may be used in this circuit. How-
ever, if this substitution is made, the primary 
volt-ampere rating must be reduced to about 
40- per cent less than twice the rating of one 
transformer. 

Full- Wave Bridge Rectifier 

Another full-wave rectifier circuit is shown in 
Fig. 7-2C. In this arrangement, two rectifiers 
operate in series on each half of the cycle, one 
rectifier being in the lead to the load, the other 
being in the return lead. Over that portion of 
the cycle when the upper end of the trans-
former secondary is positive with respect to the 
other end, current flows through VI, through the 
load and thence through V2. During this period 
current cannot flow through rectifier V.1 because 
its plate is negative with respect to its cathode 
(or filament). Over the other half of the cycle, 
current flows through V3, through the load and 
thence through V 4. Three filament transformers 
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Fig. 7-2 — Fundamental vacuum-tube rectifier circuits. A — 
B — Full-wave. C — Full-wave bridge. A.c.-input and pulsating-d.c. output 
wave forms are shown at the right. Output-voltage values indicated do not 
include rectifier drops. Other types of rectifiers may be substituted in these 
circuits. 

are needed — one for l' 1 and 1'3 and one each 
for 1 2 and V4. The output waveshape (C), to 
the right, is the same 88 that from the simple 
center-tap rectifier circuit. The ouptut voltage 
obtainable with this circuit is 0.9 times the 
r.m.s. voltage delivered by the transformer 
secondary. For the same total transformer-
secondary voltage, the average output voltage 
when using the bridge rectifier will be twice 
that obtainable with the center-tap rectifier 
circuit. However, when comparing rectifier cir-
cuits for use with the same transformer, it should 
be remembered that the power which a given 
transformer will handle remains the same re-
gardless of the rectifier circuit used. If the out-
put voltage is doubled by substituting the 
bridge circuit for the center-tap rectifier circuit, 
only half the rated load current can be taken 
from the transformer without exceeding its 
normal rating. The value of load current which 
may be drawn from the bridge rectifier cir-
cuit is twice the rated d.c. load current of a 
single rectifier. 

Rectifiers 
Cold-Cathode Rectifiers 

Tube rectifiers fall into three general classi-
fications as to type. The cold-cathode type is a 
diode which requires no cathode heating. Certain 
types will handle up to 350 ma. at 200 volts d.c. 
output. The internal drop in most types lies be-
tween 60 and 90 volts. Rectifiers of this kind are 

produced in both half-wave (single-diode) and 
full-wave (double-diode) types. 

High- Vacuum Rectifiers 

High-vacuum rectifiers depend entirely upon 
the thermionic emission from a heated filament 
and are characterized by a relatively high 
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internal resistance. For this reason, their applica-
tion usually is limited to low power, although 
there are a few types designed for medium and 
high power in cases where the relatively high 
internal voltage drop may be tolerated. This high 
internal resistance makes them less susceptible 
to damage from temporary overload and they are 
free from the bothersome electrical noise some-
times associated with other types of rectifiers. 
Some rectifiers of the high-vacuum full-wave 

type in the so-called receiver-tube class will 
handle up to 250 ma. at 400 to 500 volts d.c. out-
put. Those in the higher-power clam can be used 
to handle up to 500 ma. at 2000 volts d.c. in full-
wave circuits. Most low-power high-vacuum rec-
tifiers are produced in the full-wave type, while 
those for greater power are invariably of the half-
wave type. A few of the lower-voltage types have 
indirectly heated cathodes, but are limited in 
heater-to-cathode voltage rating. 

Mercury-Vapor Rectifiers 

In mercury-vapor rectifiers the internal resist-
ance is reduced by the introduction of a small 
amount of mercury which vaporizes under the 
heat of the filament, the vapor ionizing upon the 
application of voltage. The voltage drop through 
a rectifier of this type is practically constant at 
approximately 15 volts regardless of the load cur-
rent. Tubes of this type are produced in sizes that 
will handle any voltage or current likely to be 
encountered in amateur transmitters. For high 
power they have the advantage of cheapness. 
Rectifiers of this type, however, have a tendency 
toward a type of oscillation which produces noise 
in near-by receivers. This can usually be elim-
inated by suitable filtering. 
As with high-vacuum rectifiers, full-wave types 

are available in the lower-power ratings only. For 
higher power, two tubes are required in a full-
wave circuit. 

Selenium Rectifiers 

Selenium rectifiers are available which make it 
possible to design a power supply capable of de-
livering up to 400 or 450 volts, 200 ma. These 
units have the advantages of compactness, low 
internal voltage drop (about 5 volts), and the 
fact that no filament transformer is needed. How-
ever, to limit the charging current with condenser 
input, a resistance of 25 to 100 ohms should be 
used in series with the rectifier. They may be sub-
stituted in any of the basic circuits shown in Fig. 
7-2, the terminal marked "+" or " cathode" 
corresponding to the filament in these circuits. 
Circuits in which the selenium rectifier is particu-
larly adaptable are shown later in Figs. 7-20 
through 7-22. Since they develop little heat if 
operated within their ratings, they are especially 
suitable for use in equipment requiring minimum 
temperature variation. 

Typical ratings are listed in the tube tables. 

Rectifier Ratings 

Vacuum-tube rectifiers are subject to limita-
tions as to breakdown voltage and current-han-

dling capability. Some types are rated in terms of 
the maximum r.m.s. voltage which should be 
applied to the rectifier plate. This is sometimes 
dependent on whether a choke- or condenser-
input filter is used.. Others, particularly mercury-
vapor types, are rated according to maximum 
inverse peak voltage — the peak voltage between 
plate and cathode while the tube is not con-
ducting. In the circuits of Fig. 7-2, the inverse 
peak voltage across each rectifier is 1.4 times the 
r.m.s. value of the voltage delivered by the 
entire transformer secondary. 

All rectifier tubes are rated also as to maximum 
d.c. load current and many, in addition, carry 
peak-current ratings, all of which should be care-
fully observed to assure normal tube life. With a 
condenser-input filter, the peak current may run 
several times the d.c. current, while with a choke-
input filter the peak value may not run more 
than a few per cent above the d.c. load current. 

Operation of Rectifiers 

In operating rectifiers requiring filament or 
cathode heating, care should be taken to provide 
the correct filament voltage at the tube terminals. 
Low filament voltage can cause excessive voltage 
drop in high-vacuum rectifiers and a considerable 
reduction in the inverse peak-voltage rating of a 
mercury-vapor tube. Filament connections to the 
rectifier socket should be firmly soldered, partic-
ularly in the case of the larger mercury-vapor 
tubes whose filaments operate at low voltage and 
high current. The socket should be selected with 
care, not only as to contact surface but also as 
to insulation, since the filament usually is at full 
output voltage to ground. Bakelite sockets will 
serve at voltages up to 500 or so, but ceramic 
sockets, well spaced from the chassis, always 
should be used at the higher voltages. Special fila-
ment transformers with high-voltage insulation 
between primary and secondary are required for 
rectifiers operating at potentials in excess of 1000 
volts inverse peak. 
The rectifier tubes should be placed in the 

equipment with adequate space surrounding them 

Fig. 7-3 — Connecing mercury-vapor rectifiers in 
parallel for heavier currents. RI and R2 should have the 
same value, between 50 and 100 ohms, and correspond-
ing filament terminals should he connected together. 

to provide for ventilation. When mercury-vapor 
tubes are first placed in service, and each time 
after the mercury has been disturbed, as by 
removal from the socket to a horizontal position, 
they should be run with filament voltage only for 
30 minutes before applying high voltage. After 
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that, a delay of 30 seconds is recommended each 
time the filament is turned on. 

Rectifiers may be connected in parallel for cur-
rent higher than the rated current of a single 
unit. This includes the use of the sections of a 

double diode for this purpose. Equalizing resistors 
of 50 to 100 ohms should be connected in series 
with each plate, as shown in Fig. 7-3, as a measure 
toward maintaining an equal division of current 
between the two rectifiers. 

Filters 

The pulsating d.c. waves from the rectifiers 
shown in Fig. 7-2 are not sufficiently constant in 
amplitude to prevent hum corresponding to the 
pulsations. Filters consisting of capacitances and 
inductances are required between the rectifier and 
the load to smooth out the pulsations to an essen-
tially constant d.c. voltage. Also, upon the design 
of the filter depends to a large extent the voltage 
regulation of the power supply and the maximum 
load current that can be drawn from the supply 
without exceeding the peak-voltage rating of the 
rectifier. 

Power-supply filters fall into two classifications, 
depending upon whether the first filter element 
following the rectifier is a condenser or a choke. 
Condenser-input filters are characterized by rela-
tively high output voltage in respect to the trans-
former voltage, but poor voltage regulation. 
Choke-input filters result in much better regula-
tion, when properly designed, but the output 
voltage is less than would be obtained with a 
condenser-input filter from the same transformer. 

Voltage Regulation 

The output voltage of a power supply always 
decreases as more current is drawn, not only be-
cause of increased voltage drops in the trans-
former, filter chokes and the rectifier (if high-
vacuum rectifiers are used) but also because the 
output voltage at light loads tends to soar to the 
peak value of the transformer voltage as a result 
of charging the first condenser. By proper filter 
design the latter effect can be eliminated. The 
change in output voltage with load is called volt-
age regulation and is expressed as a percentage. 

100 (E1 — E2) Per cent regulation — 
E2 

Example: No-load voltage = E, = 1550 volts. 
Full-load voltage = E2 = 1230 volts. 

100 ( 1550 — 1230) 
Percentage regulation — 

1230 

— 32,1" — 26 per cent. 
1230 

Regulation may be as great as 100% or more with 
a condenser-input filter, but by proper design can 
be held to 20% or less with a choke-input filter. 
Good regulation is desirable if the load current 

varies during operation, as in a keyed stage or a 
Class B modulator, because a large change in 
voltage may increase the tendency toward key 
clicks in the former case or distortion in the 
latter. On the other hand, a steady load, such as 
is represented by a receiver, speech amplifier or 
unkeyed stages in a transmitter, does not require 
good regulation so long as the proper voltage is 
obtained under load conditions. Another con-

sideration that makes good voltage regulation de-
sirable is that the filter condensers must have a 
voltage rating safe for the highest value to which 
the voltage will soar when the external load is 
removed. 
When essentially constant voltage, regardless 

of current variation is required (for stabilizing an 
oscillator, for example), special voltage-regulating 
circuits described elsewhere in this chapter are 
used. 

Load Resistance 

In discussing the performance of power-supply 
filters, it is convenient to express the load con-
nected to the output terminals of the supply in 
terms of resistance. The load resistance is equal 
to the output voltage divided by the total current 
drawn, including the current drawn by the 
bleeder resistor. 

Input Resistance 

The sum of the transformer-winding resistance 
and the rectifier resistance is called the input 
resistance. 

Bleeder 

A bleeder resistor is a resistance connected 
across the output terminals of the power supply 
(see Fig. 7-1). Its functions are to discharge the 
filter condensers as a safety measure when the 
power is turned off and to improve voltage regula-
tion by providing a minimum load resistance. 
When voltage regulation is not of importance, 
the resistance may be as high as 100 ohms per 
volt. The resistance value to be used for voltage-
regulating purposes is discussed in later sections. 
From the consideration of safety, the power rat-
ing of the resistor should be as conservative as 
possible, since a burned-out bleeder resistor is 
more dangerous than none at all! 

Ripple Frequency and Voltage 

The pulsations in the output of the rectifier can 
be considered to be the resultant of an alternating 
current superimposed upon a steady direct cur-
rent. From this viewpoint, the filter may be con-
sidered to consist of shunting condensers which 
short-circuit the a.c. component while not inter-
fering with the flow of the d.c. component, and 
series chokes which pass d.c. readily but which 
impede the flow of the a.c. component. 
The alternating component is called the ripple. 

The effectiveness of the filter can be expressed in 
terms of per cent ripple, which is the ratio of the 
r.m.s. value of the ripple to the d.c. value in terms 
of percentage. For c.w. transmitters, a reduction 
of the ripple to 5 per cent is considered adequate. 
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The ripple in the output of power supplies for 
voice transmitters and VFOs should be reduced 
to 0.25 per cent or less. High-gain speech am-
plifiers and receivers may require a reduction to as 
low as 0.1 per cent. 

Ripple frequency is the frequency of the pulsa-
tions in the rectifier output wave — the number 
of pulsations per second. The frequency of the 
ripple with half-wave rectifiers is the same as the 
frequency of the line supply — 60 cycles with 60-
cycle supply. Since the output pulses are doubled 
with a full-wave rectifier, the ripple frequency is 
doubled — to 120 cycles with 60-cycle supply. 
The amount of filtering (values of inductance 

and capacitance) required to give adequate 
smoothing depends upon the ripple frequency, 
more filtering being required as the ripple fre-
quency is lower. 

• CONDENSER-INPUT FILTERS 
Condenser-input filter systems are shown in 

Fig. 7-4. Disregarding voltage drops in the 
chokes, all have the same characteristics except 

Fran 
Rectifier 

(B) 

From 
Rectifier 

(A) 

D.C. 
Output 

D.C. 
Output 

Fig. 74— Condenser-input filter circuits. A — Simple 
condenser. B — Single-section. C— Double-section. 

in respect to ripple. Better ripple reduction will 
be obtained when LC sections are added, as shown 
in Figs. 7-4B and C. 

Output Voltage 

To determine the approximate d.c. voltage out-
put when a condenser-input filter is used, refer-
ence should be made to the graph of Fig. 7-5. 

Example: 
Transformer r.m.s. voltage — 350 
Input resistance — 200 ohms 
Maximum load current, including bleeder cur-
rent — 175 ma. 

Load resistance = 50 = 2000 ohms approx. 
0.175 

9 

0 
o 

ep 

,b4s o 
0 
h 

INPUT RESISTANCE 

INPUT 

4,uld. 

C — 

or yreater 

08 
1000 2000 3000 5000 0.000 20,000 50.0Cj 

O. C. RE5LSTANCE 
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Fig. 7-5 — Chart showing approximate ratio of d.c. 
output voltage across filter input condenser to trans-
former r.m.s. secondary voltage for different load and 
input resistances. 

From Fig. 7-5, for a load resistance of 2000 
ohms and an input resistance of 200 ohms, the 
d.c. output voltage is given as slightly over 1 
times the transformer r.m.s. voltage, or about 350 
volts. 

Regulation 

If a bleeder resistance of 50,000 ohms is used, 
the d.c. output voltage, as shown in Fig. 7-5, will 
rise to about 1.35 times the transformer r.m.s. 
value, or about 470 volts, when the external load 
is removed. For greater accuracy, the voltage 
drops through the input resistance and the 
resistance of the chokes should be subtracted 
from the values determined above. For best reg-
ulation with a condenser-input filter, the bleeder 
resistance should be as low as possible without 
exceeding the transformer, rectifier or choke 
ratings when the external load is connected. 

Maximum Rectifier Current 

The maximum load current that can be drawn, 
from a supply with a condenser-input without 
exceeding the peak-current rating of the rectifier 
may be estimated from the graph of Fig. 7-6. 
Using values from the preceding example, the 
ratio of peak rectifier current to d.c. load current 
for 2000 ohms, as shown in Fig. 7-6 is 3. There-
fore, the maximum load current that can be 
drawn without exceeding the rectifier rating is 
the peak rating of the rectifier. For a load current 
of 175 ma., as above, the rectifier peak current 
rating should be at least 3 X 175 -= 525 ma. 
With bleeder current only, Fig. 7-6 shows that 
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Fig. 2-6 — Graph showing the relation- le it. between the 
d.c. load current and the rectifier peals plate current 
with condenser input for various values of load and 
input resistance. 

the ratio will increase to over 8. But since the 
bleeder draws less than 10 ma. d.c., the rectifier 
peak current will be only 90 ma. or less. 

Ripple Filtering 

The approximate ripple percentage after the 
simple condenser filter of Fig. 7-4A may be deter-
mined from Fig. 7-7. With a load resistance of 
2000 ohms, for instance, the ripple will be ap-
proximately 10% with an 8-afd. condenser or 
20% with a 4-pfd. condenser. For other capaci-
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Fig. 7-7 — Showing approximate 120-cycle percentage 
ripple across filter input condenser for various loads. 

tances, the ripple will be in inverse proportion to 
the capacitance, e.g., 5% with 16 dd., 40% with 
2 dd., etc. 
The ripple can be reduced further by the addi-

tion of LC sections as shown in Figs. 7-4B and C. 
Fig. 7-8 shows the factor by which the ripple from 
any preceding section is reduced depending on the 
product of the capacitance and inductance added. 
For instance, if a section composed of a choke of 
5 hy. and a condenser of 4 dd. were to be added 
to the simple condenser of Fig. 7-4A, the product 
is 4 X 5 = 20. Fig. 7-8 shows that the original 
ripple (10% as above with 8 afd. for example) will 
be reduced by a factor of about 0.08. Therefore 
the ripple percentage after the new section will be 
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Fig. 7-8 — Ripple-reduction factor for various values of 
L and C in filter section. Output ripple = input ripple X 
ripple factor. 

approximately 0.08 X 10 = 0.8%. If another sec-
tion is added to the filter, its reduction factor 
from Fig. 7-8 will be applied to the 0.8% from 
the preceding section, etc. 

• CHOKE-INPUT FILTERS 
Much better veelt:iuu regulation results when a 

choke-input filter, : is shown ill Fig. 7-9, is used. 
Choke input also permits better utilization of the 
rectifier, since a higher load current usually can 
be drawn without exceeding the peak current 
rating of the rectifier. 

If the first choke has a value equal to or greater 
than 

ZOO 500 

Load resistance (ohms) 
L(hy,) 

1000 

the output voltage will not soar above the average 
value of the rectified wave at the input of the 
choke when the load current is small. This is in 
contrast to the performance of the condenser-
input filter where the output voltage tends to 
soar toward the peak value at light current loads. 
This value of inductance is known as the critical 
valne. 
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If the first choke has a value equal to or greater 
than 

Load resistance (ohm° :* • ; t• • 
L ) = 04'0S • !!•3 

500 

the peak rectifier current will not exceed the d.c. 
load current by more than 10 per cent when the 
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o 

Fig. 7-9 — Choke-input filter circuits. A — Single-sec-
tion. B — Double-section. 

load current is large. This is in contrast to the 
condenser-input filter where the peak rectifier 
current may run 2 to 5 times the d.c. load current. 
This value of inductance is known as the optimum 
value. 
Both of the above conditions will usually be 

satisfied for all values of load current drawn from 
the supply if the choke has at least the critical 
value of inductance for the minimum current 
load (usually the bleeder resistance only) and does 
not fall below the optimum value for the greatest 
current load to be drawn. 

Specially-designed input chokes, called swing-
ing chokes, are available. These chokes are usu-
ally rated in terms of maximum d.c. current and 
the range of inductance over which they are de-
signed to " swing" with different load currents. 
For instance, a choke may have a rating of 5 to 
25 hy., 250 ma. This means that the inductance 
is 5 hy. with 250 ma. d.c. flowing through it. 
From the formula for optimum inductance, 5 

by. is optimum for a minimum, load resistance of 
5 X 500 = 2500 ohms. (At 250 ma., this resist-
ance means a minimum voltage of 2500 X 0.250 
= 625 volts — at higher voltages than 625, at 
the same current, the resulting load resistance 
will be higher. Therefore, the choke will have at 
least optimum inductance for all higher voltages.) 

Bleeder Resistance 

Also, 25 hy. is the critical inductance for 
25 X 1000 = 25,000 ohms. Therefore the bleeder 
resistance should be not greater than 25,000 ohms. 
In the case of supplies for higher voltages in 

particular, the limitation on maximum load resist-
ance may result in the wasting of an appreciable 
portion of the transformer power capacity in the 
bleeder resistance. A higher bleeder resistance 
drawing less current can be used, of course, but 
at a sacrifice in regulation. Two input chokes in 
series will permit the use of a bleeder of twice the 
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resistance, cutting the wasted current in half. 
Another alternative that can be used to advan-
tage in a c.w. transmitter is to use a very high-
resistance bleeder for protective purposes and 
then use only sufficient fixed bias on the tubes 
operating from the supply to bring the total cur-
rent drawn from the supply, when the key is 
open, to the value of current that the required 
bleeder resistance should draw from the supply. 
Operating bias is brought back up to normal by 
increasing the grid-leak resistance. Thus the en-
tire current capacity of the supply (with the 
exception of the small drain of the protective 
bleeder) can be used in operating the transmitter 
stages. 

Output Voltage 

Provided the input-choke inductance is at 
least the critical value, the output voltage may 
be calculated quite closely by the following 
equation: 

(IB -I- h.) (R1 -I- R2) 
= 0.9E5 — — Er 

1000 

where E. is the output voltage; Et is the r.m.s. 
voltage applied to the rectifier (r.m.s. voltage 
between center-tap and one end of the second-
ary in the case of the center-tap rectifier); III 
and / 1., are the bleeder and load currents, respec-
tively, in milliamperes; R1 and R2 are the re-
sistances of the first and second filter chokes; 
and Er is the drop between rectifier plate and 
cathode. The various voltage drops are shown in 
Fig. 7-11. At no load /1. is zero, hence the no-load 
voltage may be calculated on the basis of bleeder 
current only. The voltage regulation may be 
determined from the no-load and full-load volt-
ages using the formula previously given. 

Ripple with Choke Input 

The percentage ripple output from a single-
section filter (Fig. 7-9A) may be determined to 
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Fig. 7-10 — Graph showing combinations of inductance 
and capacitance that may be used to reduce ripple 
with a single-section choke-input filter. 
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a close approximation, for a ripple frequency 
120 cycles, from Fig. 7-10. 

Example: L = 5 h., C = 4 ¡dd., LC = 20. 

From Fig. 7-10, percentage ripple = 5 per cent. 

Example: L = 5 hy. What capacitance is 
needed to reduce the ripple to 1 per cent? Fol-
lowing the 1-per-cent line to the right to its 
intersection with the diagonal, thence down-
ward to the LC scale, read LC = 100. 100/5 = 
20 pfd. 

In selecting values for the first filter section, 
the inductance of the choke should be deter-
mined by the considerations discussed previ-
ously. Then the condenser should be selected 
that when combined with the choke inductance 
(minimum inductance in the case of a swinging 
choke) will bring the ripple down to the desired 
value. If it is found impossible to bring the ripple 
down to the desired figure with practical values 
in a single section, a second section can be 
added, as shown in Fig. 7-9B and the reduction 
factor from Fig. 7-8 applied as discussed under 
condenser-input filters. The second choke should 
not be of the swinging type, but one having a 
more or less constant inductance with changes in 
current. 

• OUTPUT CONDENSER 
If the supply is intended for use with an 

audio-frequency amplifier, the reactance of the 
last filter condenser should be small (20 per 
cent or less) compared with the other audio-
frequency resistance or impedance in the circuit, 
usually the tube plate resistance and load resist-
ance. On the basis of a lower a.f. limit of 100 cycles 
for speech amplification, this condition usually 
is satisfied when the output capacitance (last 
filter capacitor) of the filter has a capacitance of 
4 to 8 mid., the higher value of capacitance being 
used in the case of lower tube and load resistances. 

• RESONANCE 
Resonance effects in the series circuit across 

the output of the rectifier which is formed by 
the first choke (L1) and first filter condenser 
(C1) must be avoided, since the ripple voltage 
would build up to large values. This not only is 
the opposite action to that for which the filter 
is intended, but also may cause excessive recti-
fier peak currents and abnormally-high inverse 
peak voltages. For full-wave rectification the 
ripple frequency will be 120 cycles for a 60-cycle 
supply, and resonance will occur when the prod-
uct of choke inductance in henrys times con-
denser capacitance in microfarads is equal to 
1.77. The corresponding figure for 50-cycle sup-
ply ( 100-cycle ripple frequency) is 2.53, and for 
25-cycle supply (50-cycle ripple frequency) 13.5. 
At least twice these products of inductance and 
capacitance should be used to ensure against 
resonance effects. With a swinging choke, the 
minimum rated inductance of the choke should 
be used. 

CHAPTER 7 

of • RATINGS OF FILTER COMPONENTS 
Although filter condensers in a choke-input 

filter are subjected to smaller variations in d.c. 
voltage than in the condenser-input filter, it is 
advisable to use condensers rated for the peak 
transformer voltage in case the bleeder resistor 
should burn out when there is no load on the 
power supply, since the voltage then will rise to 
the same maximum value as it would with a 
filter of the condenser-input type. 

In a condenser-input filter, the condensers 
should have a working-voltage rating at least 
as high, and preferably somewhat higher, than 
the peak-voltage rating of the transformer. 
Thus, in the case of a center-tap rectifier having 
a transformer delivering 550 volts each side of 
the center-tap, the minimum safe condenser 
voltage rating will be 550 X 1.41 or 775 volts. 
An 800-volt condenser should be used, or pref-
erably a 1000-volt unit. 

Filter condensers are made in several different 
types. Electrolytic condensers, which are avail-
able for peak voltages up to about 800, combine 
high capacitance with small size, since the dielec-
tric is an extremely-thin film of oxide on alumi-
num foil. Condensers of this type may be con-
nected in series for higher voltages, although the 
filtering capacitance will be reduced to the re-
sultant of the two capacitances in series. If this 
arrangement is used, it is important that each 
of the condensers be shunted with a resister of 
about 100 ohms per volt of supply voltage, with 
a power rating adequate for the total resistor 
current at that voltage. These resistors may 
serve as all or part of the bleeder resistance (see 
choke-input filters). Condensers with higher-
voltage ratings usually are made with a dielectric 
of thin paper impregnanted with oil. The working 
voltage of a condenser is the voltage that it 
will withstand continuously. 
The input choke may be of the swinging type, 

the required minimum no-load and full-load in-
ductance values being calculated as described 
above. For the second choke (smoothing 
choke) values of 10 to 20 henrys ordinarily are 
used. Since chokes usually are placed in the 
positive leads, the negative being grounded, 
the windings should be insulated from the core 
to withstand the full d.c. output voltage of the 
supply and be capable of handling the required 
load current. 

Filter chokes or inductances are wound on 
iron cores, with a small gap in the core to pre-
vent magnetic saturation of the iron at high 
currents. When the iron becomes saturated its 
permeability decreases, consequently the induct-
ance also decreases. Despite the air gap, the in-
ductance of a choke usually varies to some extent 
with the direct current flowing in the winding; 
hence it is necessary to specify the inductance 
at the current which the choke is intended to 
carry. Its inductance with little or no direct 
current flowing in the winding may be consid-
erably higher than the value when full load 
current is flowing. 
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Plate and Filament Transformers 

Ou tput Voltage 

The output voltage which the plate trans-
former must deliver depends upon the required 
d.c. load voltage and the type of filter circuit. 
With a choke-input filter, the required r.m.s. 

secondary voltage (each side of center-tap for a 
center-tap rectifier) can be calculated by the 
equation: 

Et + I (R I + R 2) ± Er] 
1000 

where E,, is the required d.c. output voltage, 
1 is the load current (including bleeder current) 
in milliamperes, R1 and R2 are the d.c. resist-
ances of the chokes, and Er is the voltage drop 
in the rectifier. Et is the full-load r.m.s. second-
ary voltage; the open-circuit voltage usually 
will be 5 to 10 per cent higher than the full-load 
value. 
The approximate transformer output voltage 

required to give a desired d.c. output voltage 

Fig. 7-11 — Diagram shot% ing various voltage drops 
that mu-t he taken into consideration in determining 
the required transformer voltage to deliver the desired 
output voltage. 

with a given load with a condenser-input filter 
system can be calculated with the help of 
Fig. 7-11. 

Example: 
Required d.c. output volts — 500 
Load current to be drawn — 100 ma. 

500 
Load resistance = 5000 ohms. 

0.1 
If the rectifier resistance is 200 ohms. Fig. 7-5 

shows that the ratio of d.c. volts to the required 
transformer rams. voltage is approximately 1.15. 
The required transformer terminal voltage 

under load with chokes of 200 and 300 ohms is 

-I- R5 4 Rr  

1000 

1.15 

500 + 100 ( 200 + 300 + 200 ) 

+ I 

1000 

1.15 

570 
= — 495 volta. 

1.15 

Volt-Ampere Rating 

The volt-ampere rating of the transformer 
depends upon the type of filter (condenser or 
choke input). With a condenser-input filter the 
heating effect in the secondary is higher because 
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of the high ratio of peak to average current, 
consequently the volt-amperes consumed by 
the transformer may be several times the watts 
delivered to the load. With a choke-input filter, 
provided the input choke has at least the critical 
inductance, the secondary volt-amperes can be 
calculated quite closely by the equation: 

Sec. V.A. = 0.00075E/ 

where E is the total r.m.s. voltage of the sec-
ondary (between the outside ends in the case 
of a center-tapped winding) and / is the d.c. 
output current in milliamperes (load current 
plus bleeder current). The primary volt-amperes 
will be 10 to 20 per cent higher because of 
transformer losses. 

Filament Supply 

Except for tubes designed for battery opera-
tion, the filaments or heaters of vacuum tubes 
used in both transmitters and receivers are 
universally operated on alternating current ob-
tained from the power line through a step-
down transformer delivering a secondary volt-
age equal to the rated voltage of the tubes used. 
The transformer should be designed to carry 
the current taken by the number of tubes which 
may be connected in parallel across it. The 
filament or heater transformer generally is 
center-tapped, to provide a balanced circuit for 
eliminating hum. 
For medium- and high-power r.f. stages of 

transmitters, and for high-power audio stages, 
it is desirable to use a separate filament trans-
former for each section of the transmitter, in-
stalled near the tube sockets. This avoids the 
necessity for abnormally large wires to carry 
the total filament current for all stages without 
appreciable voltage drop. Maintenance of rated 
filament voltage is highly important, especially 
with thoriated-filament tubes, since under- or 
over-voltage may reduce filament life. 

Rewinding Filament Transformers 

Although the home winding of high-voltage 
transformers is a task that few amateurs un-
dertake these days, the rewinding of a small-
transformer secondary to give some desired 
filament voltage is not difficult. It involves a 
matter of only a small number of turns and the 
wire is large enough to be handled easily. Often 
a broadcast-receiver power transformer with a 
burned-out high-voltage winding, but with the 
primary winding intact, can be converted into 
an entirely satisfactory filament transformer 
without great effort. 
The primary volt-ampere rating of a trans-

former to be rewound may be taken from the 
label on the transformer or from the manufac-
turer's catalogue. This will indicate whether or 
not the transformer will be capable of handling 
the necessary power. The secondary volt-ampere 
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rating will be ten to twenty per cent less than 
the primary rating. The product of the voltage 
and the number of amperes required from the 
new filament winding, plus that for any other 
secondaries that may be kept in use, should not 
exceed the secondary volt-ampere rating, unless 
the builder is willing to accept a lower safety 
factor. 

Before disconnecting the winding leads from 
their terminals, each should be marked for 
identification. In removing the core laminations, 
care should be taken to note the manner in 
which the core is assembled, so that the re-
assembling will be done in the same manner. 
Some transformers have secondaries wound 
over the primary, while in others the order is 
reversed. In case the secondaries are on the 
inside, the turns can be pulled out from the 
center after slitting and removing the fiber 
core. 
The turns removed from one of the original 

filament windings of known voltage should be 
carefully counted as the winding is removed. 
This will give the number of turns per volt and 
the same figure should be used in determining 
the number of turns for the new secondary. 
For instance, if the old filament winding was 
rated at 5 volts and has 20 turns, this is 20/5 = 
4 turns per volt. If the new secondary is to 
deliver 7.5 volts, the required number of turns 
on the new winding will be 7.5 X 4 = 30 turns. 

In winding a transformer, the size of wire 
is an important factor in the heat developed in 
operation. A cross-sectional area of 1000 circular 
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mils per ampere is conservative. A value com-
monly used in amateur-service transformers is 
700 c.m.p.a. The windings of some of the less-
expensive broadcast-receiver transformers may 
run as low as 500 c.m.p.a. The larger the c.m.p.a. 
figure, the cooler the transformer will run. The 
current rating in amperes of each wire size shown 
in the miscellaneous data chapter at 1000 
c.m.p.a. may be obtained by pointing off three 
decimal places from the right in the figures 
in the third column. Similar ratings at 700 
c.m.p.a. are given in a separate column. Ratings 
at 500 c.m.p.a. will be twice the current rating 
at 1000 c.m.p.a. As an example, No. 18 has a 
current rating of 1.62 amperes at 1000 c.m.pa., 
2.32 amperes at 700 c.m.p.a., or 3.25 amperes 
at 500 c.m.p.a. If the transformer being rewound 
is a filament transformer, it may be necessary to 
choose the wire size carefully to fit the small 
available space. On the other hand, if the trans-
former is a power unit, with the high-voltage 
winding removed, there should be plenty of room 
for a size of wire that will conservatively han-
dle the required current. 
The insulation to be used between the pri-

mary and secondary windings (and also between 
the secondary winding and the core if the sec-
ondary is on the inside) will depend on whether 
the transformer is to be used to supply r.f. 
tubes or rectifier tubes in a high-voltage sup-
ply. A few layers of linen paper should he suf-
ficient for the former service, but insulating 
cambric sheet should be used if the voltage be-
tween primary and secondary runs over 1000 volts 

Voltage Dropping 
Series Voltage-Dropping Resistor 

Certain plates and screens of the various 
tubes in a transmitter or receiver often require 
a variety of operating voltages differing from 
the output voltage of available power supplies. 
In most cases, it is not economically feasible 
to provide a separate power supply for each of 
the required voltages. If the current drawn 
by an electrode, or combination of electrodes 
operating at the same voltage, is reasonably 
constant under normal operating conditions, 
the required voltage may be obtained from a 
supply of higher voltage by means of a voltage-
dropping resistor in series, as shown in Fig. 
7-12A. The value of the series resistor, RI, may 

Ed 
be obtained from Ohm's Law, R = —I' where 

Ed is the voltage drop required from the sup-
ply voltage to the desired voltage and l is the 
total rated current of the load. 

Example: The plate of the tube in one stage 
and the screens of the tubes in two other stages 
require an operating voltage of 250. The nearest 
available supply voltage is 400 and the total of 
the rated plate and screen currents is 75 ma. The 
required resistance is 

400 — 250 150 
R — -- 2000 ohms. 

0.075 0.075 

The power rating of the resistor is obtained 
from P (watts) = /2R = (0.075)2 (2000) = 11.2 
watts. A 25-watt resistor is the nearest safe 
rating to be used. 

Voltage Dividers 

The regulation of the voltage obtained in this 
manner obviously is poor, since any change in 
current through the resistor will cause a di-
rectly-proportional change in the voltage drop 
across the resistor. 'rhe regulation can be im-
proved somewhat by connecting a second re-
sistor from the low-voltage end of the first to 
the negative power-supply terminal, as shown 
in Fig. 7-12B. Such an arrangement constitutes 
a voltage divider. The second resistor, R2, acts 
as a constant load for the first, RI, so that 
any variation in current from the tap becomes 
a smaller percentage of the total current 
through RI. The heavier the current drawn 
by the resistors when they alone are connected 
across the supply, the better will be the voltage 
regulation at the tap. 

Such a voltage divider may have more than 
a single tap for the purpose of obtaining more 
than one value of voltage. A typical arrange-
ment is shown in Fig. 7-12C. The terminal 
voltage is E, and two taps are provided to give 
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Fig. 7-12 — A — Series voltage-dropping resistor. B — 
Simple voltage divider. C — Multiple divider circuit. 
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lower voltages, E1 and E2, at currents /1 and /2 
respectively. The smaller the resistance be-
tween taps in proportion to the total resistance, 
the smaller the voltage between the taps. For 
convenience, the voltage divider in the figure 
is considered to be made up of separate re-
sistances R3, R4, R5, between taps. R3 carries 
only the bleeder current, /1'; R4 carries I in 
addition to It; R5 carries /2, I and It,. To cal-
culate the resistances required, a bleeder cur-
rent, /li, must be assumed; generally it is low 

From 
Power 
Supply 

From 
Power 
Supply 

(C) 

To Load 

compared with the total load current (10 per 
cent or so). Then the required values can be 
calculated as shown in Fig. 7-12C, / being in 
decimal parts of an ampere. 
The method may be extended to any desired 

number of taps, each resistance section being 
calculated by Ohm's Law using the need voltage 
drop across it and the total current through 
it. The power dissipated by each section may 
be calculated either by multiplying / and E or 
/2 and R. 

Voltage Stabilization 
Gaseous Regulator Tubes 

There is frequent need for maintaining the 
voltage applied to a low-voltage low-current 
circuit at a practically constant value, regard-
less of the voltage regulation of the power 
supply or variations in load current. In such 
applications, gaseous regulator tubes (VR105-
30, VR150-30, etc.) can be used to good ad-
vantage. The voltage drop across such tubes is 
constant over a moderately wide current 
range. Tubes are available for regulated volt-
ages of 150, 105, 90 and 75 volts. 
The fundamental circuit for a gaseous regu-

lator is shown in Fig. 7-13A. The tube is con-

Un reg 

Frorn pow-
supply output 

(A) (B) 

Fig. 7-13 — Voltage-stabilizing circuits using VI( tubes. 

nected in series with a limiting resistor, RI, 
across a source of voltage that must be 
higher than the starting voltage. The starting 
voltage is about 30 per cent higher than the 
operating voltage. The load is connected in 
parallel with the tube. For stable operation, a 
minimum tube current of 5 to 10 ma. is re-

R — 

where R is the limiting resistance in ohms, 
E. is the voltage of the source across which the 
tube and resistor are connected, Er is the rated 
voltage drop across the regulator tube, and 
/ is the maximum tube current in milliam-
peres (usually 40 ma.). 

Fig. 7-13B shows how two tubes may be 
used in series to give a higher regulated volt-
age than is obtainable with one, and also to 
give two values of regulated voltage. The lim-
iting resistor may be calculated as above, using 
the sum of the voltage drops across the two 
tubes for Er. Since the upper tube must carry 
more current than the lower, the load con-
nected to the low-voltage tap must take small 
current. The total current taken by the loads 
on both the high and low taps should not ex-
ceed 30 to 35 milliamperes. 

quired. The maximum permissible current with 
most types is 40 ma.; consequently, the load 
current cannot exceed 30 to 35 ma. if the volt-
age is to be stabilized over a range from zero 
to maximum load current. 
The value of the limiting resistor must lie 

between that which just permits minimum 
tube current to flow and that which just passes 
the maximum permissible tube current when 
there is no load current. The latter value is 
generally used. It is given by the equation: 

1000 (E. Er) 
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325 V 
e 225 MA 
FILTERED D.0 

Voltage regulation of the order of 1 per cent 
can be obtained with regulator circuits of this 
type. 

Electronic Voltage Regulation 

Several circuits have been developed for regu-
lating the voltage output of a power supply elec-
tronically. While more complicated than the VR-
tube circuits, they will handle higher voltages and 
currents and the output voltage may be varied 
continuously over a wide range. In the circuit of 
Fig. 7-14, the 5651 regulator tube supplies the 
grid (4) of the 6SL7 with a constant reference 
voltage. When the load connected across the out-
put terminals increases, the output voltage tends 
to de(rease. This decreases the plate (5) voltage. 
Since grid (1) is connected directly to plate (5), 
grid CO becomes less positive and that triode 

TI 

115V,A.C. 

Fig. 7-14— Electronic voltage-regu-
lator circuit. 
Ci — 0.1-pfd. 400-volt paper. 
RI — 160-ohm 10-watt potentiome-

ter (balance). 
112, lia — 12,000 ohms, 2 watts. 
113, 114 — 0.47 megohm, watt. 
lia — 68,000 ohms, 1 watt. 
117 — 15,000 ohms, 2 watts. 
Bs 10,000-ohm potentiometer 

(output control). 
R9 — 1 megohm, 4 watt. 

• 

draws less plate current. The voltage drop across 
R3 being less, the bias on the grids of the 6AS7G 
is reduced, decreasing the voltage drop across the 
6AS7G and thereby maintaining the original out-
put voltage. 

For a maximum regulated voltage output of 
250, the filtered d.c. input voltage should be 325 
volts at 225 ma. For a constant line voltage the 
output voltage will remain constant within 0.2 
volt over a load-current range of 0 to 225 ma. 
With a line-voltage variation of plus or minus 10 
per cent, the output voltage will vary less than 0.1 
volt. 

Another similar regulator circuit is shown in 
Fig. 7-15. The principal difference is that screen-
grid regulator tubes are used. The fact that a 
screen-grid tube is relatively insensitive to 
changes in plate voltage makes it possible to ob-

Hg. 7-15 — Circuit diagram of an electronically-regu-
lated power supply rated at 300 volts max., ISO ma. max. 

CI, C2, Cs — 16-pfd. 600-volt electrolytic. Ra — 9100 ohms. 1 watt. 
C3 — 0.015.pfd. paper. Rio — 0.1-megolun potentiometer. 

C4 — 0.1-pfd. paper. 
R: — 0.3 megohm, ?A watt. 
112, 113 — 100 ohms, watt. 
114 — 510 ohms, ,V2 watt. 
RS, Rs — 30,000 ohms. 2 watts. 
118 — 0.24 megohm, Y watt. 
R7 — 0.15 megohm, j¡ watt. 

RI: — 43,000 ohms, IA watt. 
I — 8-by., 40-ma, filter choke. 
Si — S.p.s.t. toggle. 
Ti — Power transformer: 375-375 volts 

r.m.s., 160 ma.; 6.3 volts, 3 
amps.; 5 volts. 3 amps. 
(Thor. 22 R 33). 
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Table of Performance for Circuit of Fig. T-15 

I II III Output voltage — 300 

450 v. 22 ma. 3 mv. 150 ma. 2.3 mv. 
425 v. 45 ma. 4 mv. 125 ma. 2.8 mv. 
400 v. 72 ma. 6 mv. 100 ma. 2.6 mv. 
375 v. 97 ma. 8 inv. 75 ma. 2.5 mv. 
350 v. 122 ma. 9.5 mv. 50 ma. 3.0 mv. 
325 v. 150 ma. 3 mv. 25 ma. 3.0 mv. 
300 v. 150 ma. 2.3 mv. 10 ma. 2 5 mv. 

tain a reduction in ripple voltage adequate for 
many purposes simply by supplying filtered d.c. 
to the screens with a consequent saving in weight 
and cost. The accompanying table shows the 
performance of the circuit of Fig. 7-15. Column 1 
shows various output voltages, while Column II 
shows the maximum current that can be drawn at 
that voltage with negligible variation in output 
voltage. Column III shows the measured ripple 

at the maximum current. The second part of the 
table shows the variation in ripple with load cur-
rent at 300 volts output. 
A single VR tube may also be used to regulate 

the voltage to a load current of almost any value 
so long as the variation in the current does not 
extued 30 to 35 ma. If, for example, the average 
load current is 100 ma., a VR tube may be used 
to hold the voltage constant provided the cur-
rent does not fall below 85 ma. or rise above 115 
ma. In this case, the resistance should be calcu-
lated to drop the voltage to the VR-tube rating 
at the maximum load current to be expected plus 
about 5 ma. If the load resistance is constant, the 
effects of variations in line voltage may be elimi-
nated by basing the resistance on the load cur-
rent plus 15 ma. Voltage-regulator tubes may 
also be connected in parallel as described later 
in this chapter. 

Bias Supplies 

As discussed in the chapter on high-frequency 
transmitters, the chief function of a bias supply 
for the r.f. stages of a transmitter is that of pro-
viding protective bias, although under certain 
circumstances, a bias supply, or pack, as it is 
sometimes called, can provide the operating bias 
if desired. 

Simple Bias Packs 

Fig. 7-16A shows the diagram of a simple 
bias supply. R1 should be the recommended 
grid leak for the amplifier tube. No grid leak 
should be used in the transmitter with this 
type of supply. The output voltage of the sup-
ply, when amplifier grid current is not flowing, 
should be some value between the bias re-
quired for plate-current cut-off and the recom-
mended operating bias for the amplifier tube. 
The transformer peak voltage ( 1.4 times the 
r.m.s. value) should not exceed the recom-
mended operating-bias value, otherwise the 
output voltage of the pack will soar above the 
operating-bias value with rated grid current. 

This soaring can be reduced to a considerable 
extent by the use of a voltage divider across 
the transformer secondary, as shown at B. Such 
a system can be used when the transformer volt-
age is higher than the operating-bias value. The 
tap on R2 should be adjusted to give amplifier 
cut-off bias at the output terminals. The lower 
the total value of R2, the less the soaring will be 
when grid current flows. 
A full-wave circuit is shown in Fig. 7-16C. R3 

and R4 should have the same total resistance and 
the taps should be adjusted symmetrically. In 
all cases, the transtormer must be designed to 
furnish the current drawn by these resistors plus 
the current drawn by RI. 

Regulated Bias Supplies 

The inconvenience of the circuits shown in 
Fig. 7-16 and the difficulty of predicting 
values in practical application can be avoided 

in most cases by the use of gaseous voltage-
regulator tubes across the output of the bias 
supply, as shown in Fig. 7-17A. A VR tube 
with a voltage rating anywhere between the 

CA) 

(C) 
Fig. 7-16 — Simple bias-supply circuits. In A, the peak 
transformer voltage must not exceed the operating value 
of bias. The circuits of B (half-eave) and C (full-wave) 
may be used to reduce transformer voltage to the recti-
fier. Ri is the recommended grid-leak resistance. 
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From Bias 
Supply 

From 8/as 
Supply 

(A) 

(B) 

(c) 
Fig. 7-17 — Illustrating the use of VR tubes in stabiliz. 
ing protective-bias supplies. RI is a resistor whose value 
is adjusted to limit the current through each VII tube 
to 5 ma. before amplifier excitation is applied. R and 
82 are current-equalizing resistors of 50 to 1000 ohms. 

biasing-voltage value which will reduce the in-
put to the amplifier to a safe level when excita-
tion is removed, and the operating value of 
bias, should be chosen. /?1 is adjusted, with-
out amplifier excitation, until the Vit tube 
ignites and draws about 5 ma. Additional volt-
age to bring the bias up to the operating value 
when excitation is applied can be obtained 
from a grid leak resistor, as discussed in the 
transmitter chapter. 
Each VR tube will handle 40 

ma. of grid current. If the grid 
current exceeds this value under 
any condition, similar VR tubes 
should be added in parallel, as 
shown in Fig. 7-17B, for each 
40 ma., or less, of additional 
grid current. The resistors R2 
are for the purpose of helping to 
maintain equal currents through 
each VR tube, and should have 
a value of 50 to 1000 ohms or 
more as required. 

If the voltage rating of a 
single VR tube is not sufficiently 
high for the purpose, other VR 
tubes may be used in series (or 
series-parallel if required to sat-
isfy grid-current requirements) 
as shown in the diagrams of Fig. 
7-17C and D. 

115 V AC 

From Bias 
Supply 

From Bias 
Supply 

- Bias I 
VR 

v R 
- 8/as 2 

If a single value of fixed bias will serve for 
more than one stage, the biasing terminal of 
each such stage may be connected to a single 
supply of this type, provided only that the 
total grid current of all stages so connected 
does not exceed the current rating of the VR 
tube or tubes. Alternatively, other separate 
VR-tube branches may be added in any de-
sired combination to the same supply, as shown 

Fig. 7-18 — Circuit diagram of an 

CI — 20-5fd. 450-volt electrolytic. 
C2 — 20-afd. 150-volt electrolytic. 
— 5000 ohms, 25 watts. 

112— 22,000 ohms, 4 watt. 
115 — 68,000 ohms, IA  watt. 
114 — 0.27 megohm, !,:¿ watt. 
R5— 3000 ohms, 5 watts. 
Ilt — 0.12 megohm, 3,j watt. 

electronically-regulated bias supply. 

R7 — 0.1-megohm potentiometer. 
115 — 27,000 ohms, 1,,j watt. 
L1— 20-hy. 50-ma, filter choke. 
Ti — Power transformer: 350 volts 

r.m.s. each side of center, 50 
ma.; 5 volts, 2 amp.; 6.3 
volts, 3 amp. 
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in Fig. 7-17E, to adapt them to the needs of each 
stage. 

Providing the VR-tube current rating is not 
exceeded, a series arrangement may be tapped 
for lower voltage, as shown at F. 
The circuit diagram of an electronically-

regulated bias-supply is shown in Fig. 7-18. 
The output voltage may be adjusted to any 
value between 20 volts and 80 volts and the 
unit will handle grid currents up to 200 ma. 
over the range of 30 to 80 volts, and 100 ma. 
over the remainder of the range. This will 
take care of the bias requirements of most 
tubes used in Class B amplifier service. The 
regulation will hold to about 0.001 volt per 
milliampere of grid current. 

Other Sources of Biasing Voltage 

In some cases, it may be convenient to ob-
tain the biasing voltage from a source other 
than a separate supply. A half-wave rectifier 
may be connected with reversed polarization 
to obtain biasing voltage from a low-voltage 
plate supply, as shown in Fig. 7-19A. In an-
other arrangement, shown at B, a spare fila-
ment winding can be used to operate a filament 
transformer of similar voltage rating in reverse 
to obtain a voltage of about 130 from the 
winding that is customarily the primary. This 
will be sufficient to operate a VR75 or VR90 
regulator tube. 

Po n 

Sec Secg 

(A) 

(B) 
Fig. 7.19 — Convenient means of obtaining biasing 
voltage. A — From a low-voltage plate supply. B — 
From spare filament winding. Ti is a filament transform-
er, of a voltage output similar to that of the spare 
filament winding, connected in reverse to give 115 volts 
r.m.s. output. If cold-cathode or selenium rectifiers are 
used, no additional filament supply is required. 

A bias supply of any of the types discussed 
requires relatively little filtering, if the output-
terminal peak voltage does not approach the 
operating-bias value, because the effect of the 
supply is entirely or largely "washed out" when 
grid current flows. 

H.V. 

Vt 
Bias 

Selenium-Rectifier Circuits 
While the circuits shown in Figs. 7-20, 7-21 

and 7-22 may be used with any type of recti-
fier, they find their greatest advantage when 
used with selenium rectifiers which require no 
filament transformer. 

o  

115V. Ac. 
o  

—c, 
CAT 

 0+; 

 o— 

Fig. 7-20 — Simple half-wave circuit for selenium 
rectifier. 
Ci 0.05-pfd. 600-volt paper. 
C2 — 40-pfd. 200-volt electrolytic. 
Iii— 25 to 100 ohms. 

Fig. 7-20 is a straightforward half-wave 
rectifier circuit which may be used in applica-
tions where 115 to 130 volts d.c. is desired. It 
can be used for bias supply, for instance. In 
this, as well as other circuits, it will be ob-
served that the negative side of the output is 
common with one side of the a.c. line and it is 

suggested that this side be fused with a ampere fuse. 
fuse. 

Fig. 7-21 shows several voltage-doubler 
circuits. Of the three, the one shown at A is the 
most desirable since there is no series con-
denser. It is a full-wave circuit and there will 
be .very little ripple voltage appearing at the 
output. The arrangement of circuit B is such 

that one side of the output may be grounded. In 
circuit C, the point X is common to both conden-
sers in the rectifier and filter, and a single-unit 

o 

(A) 

o 

II5V A C. 
T  

CAT 

 of 

0+ 

II5V A C. 

o  

(B) 

(C) 

Fig. 7-21 — Voltage-doubling 
selenium rectifiers. 
CI — 0.05-pfd. 600-volt paper. 
C2 — 40-pfd. 200-volt electrolytic. 
C3 — Filter condenser. 
RI — 25 to 100 ohms. 
Li — Filter choke. 

circuits for Use with 
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-eetion condenser can be used to save space. If 

the load current is less than 100 ma., this is the 
best circuit. 

Fig. 7-22A shows a voltage tripler, and B and 
C quadruplers. 

All components are standard. CI in all cir-
cuits is for " hash" filtering and its value is not 
critical. A 0.05-dd. 600-volt-working con-
denser should serve. All other condensers 
should be 40-afd. 200- volt units, except those 
in the tripler and quadrupler circuits. Those in 
the circuit of Fig. 7-22 should have a rating of 
450 volts working. In the voltage multipliers 
and in other circuits where a condenser is pass-
ing the full current, good condensers should be 
used because the a.c. ripple mentioned above 
appears across the condenser and increases as 
the load increases. If the current is allowed to 
become too high, it will cause heating and 
deterioration of the condenser. This can be 
kept to a minimum by using a capacitor of 
high value and making sure it is of good make. 
R1 should be 25 ohms, hut if it is found that the 
rectifier units are running a little too warm, 
this value may be increased to as high as 100 
ohms, with a corresponding drop in output 
voltage, of course. A single-section filter, as 
shown in Fig. 7-21C, will provide sufficient 
smoothing for most applications. 
These circuits should be used with caution, 

since there is always a direct connection between 
power line and load. 

(A) 

(B) 

(C) 
Fig. 7-22 — A — Tripler circuit. B — Half-wave quad-
rupler. C — Full-wave quadrupler. 

CI — 0.05-51d. 600-volt paper. 
C2 — 40-pfd. 450-volt electrolytic. 
Cs— 100-51d. 150-volt electrolytic. 
RI — 25 to 100 ohms. 

Power-Line Considerations 
• POWER-LINE CONNECTIONS 

If the transmitter is rated at much more 
than 100 watts, special consideration should be 
given to the a.c. line running into the station. 
In some residential systems, three wires are 
brought in from the outside to the distribution 
board, while in other systems there are only 
two wires. In the three-wire system, the third 
wire is the neutral which is grounded. The 
voltage between the other two wires normally 
is 230, while half of this voltage ( 115) appears 
between each of these wires and neutral, as 
indicated in Fig. 7-23A. In systems of this 
type, usually it will be found that the 115-

;Ise 

(A) 

irrnm 

volt household load is divided as evenly as 
possible between the two sides of the circuit, 
half of the load being connected between one 
wire and the neutral, while the other half of 
the load is connected between the other wire 
and neutral. Heavy appliances, such as electric 
stoves and heaters, normally are designed for 
230-volt operation and therefore are connected 
across the two ungrounded wires. While both 
ungrounded wires should be fused, a fuse 
should never be used in the wire to the neutral, 
nor should a switch be used in this side of the 
line. The reason for this is that opening the 
neutral wire does not disconnect the equip-

(B) (C) (D) 

Fig. 7-23 — Three-wire power-line circuits. A — Normal 3-wire-line termination. No fuse should be used in the 
grounded (neutral) line. B — Showing that a switch in the neutral does not remove voltage from either side of 
the line. C — Connections for both 115- and 230-volt transformers. D — Operating a 115-volt plate transformer 
from the 230-volt line to avoid light blinking. T> is a 2-to-1 step-down transformer. 
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ment. It simply leaves the equipment on one 
side of the 230-volt circuit in series with what-
ever load may be across the other side of the 
circuit, as shown in Fig. 7-23B. Furthermore, 
with the neutral open, the voltage will then be 
divided between the two sides in proportion to 
the load resistance, the voltage on one side 
dropping below normal, while it soars on the 
other side, unless the loads happen to be equal. 
The usual line running to baseboard outlets 

is rated at 15 amperes. Considering the power 
consumed by filaments, lamps, modulator, re-
ceiver and other auxiliary equipment, it is not 
unusual to find this 15-ampere rating exceeded 
by the requirements of a station of only mod-

- To 
trinunitter 

Se. 
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115 V. A.C. 115V. A.C. 

(A) (B) 
Fig. 7-24 — Two methods of transformer primary con-
trol. At A is a tapped toy transformer which may be 
connected so as to boost or buck the line voltage as re-
quired. At B is indicated a variable transformer or 
autotransformer (Variac) which feeds the transformer 
primaries. 

erate power. It must also be kept in mind that 
the same branch may be in use for other house-
hold purposes through another outlet. For this 
reason, and to minimize light blinking when 
keying or modulating the transmitter, a sepa-
rate heavier line should be run from the dis-
tribution board to the station whenever 
possible. (A three-volt drop in line voltage 
will cause noticeable light blinking.) 

If the system is of the three-wire type, the 
three wires should be brought into the sta-
tion so that the load can be distributed 
to keep the line balanced. The voltage 
across a fixed load on one side of the circuit 
will increase as the load current on the other 
side is increased. The rate of increase will depend 
upon the resistance introduced by the neutral 
wire. If the resistance of the neutral is low, the 
increase will be correspondingly small. When 
the currents in the two circuits are balanced, 
no current flows in the neutral wire and the 
system is opera'ting at maximum efficiency. 

Light blinking can be minimized by using 
transformers with 230-volt primaries in the 
power supplies for the keyed or intermittent part 
of the load, connecting them across the two 
ungrounded wires with no connection to the 
neutral, as shown in Fig. 7-23C. The same 
can be accomplished by the insertion of a step-

o  
IISE A.C. 

down transformer whose primary operates at 
230 volts and whose secondary delivers 115 
volts. Conventional 115-volt transformers 
may be operated from the secondary of the 
step-down transformer (see Fig. 7-23D). 
When a special heavy-duty line is to be in-

stalled, the local power company should be 
consulted as to local requirements. In some 
localities it is necessary to have such a job 
done by a licensed electrician, and there may 
be special requirements to be met in regard to 
fittings and the manner of installation. Some 
amateurs terminate the special line to the 
station at a switch box, while others may use 
electric-stove receptacles as the termination. The 
power is then distributed around the station by 
means of conventional outlets at convenient 
points. All circuits should be properly fused. 

• LINE-VOLTAGE ADJUSTMENT 
In certain communities trouble is sometimes 

experienced from fluctuations in line voltage. 
Usually these fluctuations are caused by a 
variation in the load on the line and, since 
most of the variation comes at certain fixed 
times of the day or night, such as the times 
when lights are turned on at evening, they may 
be taken care of by the use of a manually-
operated compensating device. A simple ar-
rangement is shown in Fig. 7-24A. A toy trans-
former is used to boost or buck the line voltage 
as required. The transformer should have a 
tapped secondary varying between 6 and 20 
volts in steps of 2 or 3 volts and its secondary 
should be capable of carrying the full load cur-
rent of the entire transmitter, or that portion 
of it fed by the toy transformer. 
The secondary is connected in series with the 

line voltage and, if the phasing of the windings 
is correct, the voltage applied to the primaries 
of the transmitter transformers can be brought 

so 

Rafe rrans. E._ 

errririrrni 
Fil. Fil. 

Fig. 7- 25— With this circuit, a single adjustment of the 
tap switch Si places the correct primary voltage on all 
transformers in the transmitter. Information on con-
structing a suitable autotransformer at negligible cost is 
contained in the text. The light winding represents the 
regular primary winding of a revamped transformer, the 
heavy winding the voltage-adjusting section, 
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up to the rated 115 volts by setting the toy-
transformer tap switch on the right tap. If the 
phasing of the two windings of the toy trans-
former happens to be reversed, the voltage will 
be reduced instead of increased. This connec-
tion may be used in cases where the line voltage 
may be above 115 volts. This method is pref-
erable to using a resistor in the primary of a 
power transformer since it does not affect the 
voltage regulation as seriously. The circuit of 
7-2413 illustrates the use of a variable trans-
former (Variac) for adjusting line voltage to 
the desired value. 

Another scheme by which the primary volt-
age of each transformer in the transmitter may 
be adjusted to give a desired secondary voltage, 
with a master control for compensating for 
changes in line voltage, is shown in Fig. 7-25. 

This arrangement has the following features: 
1) Adjustment of the swit ch SI to make the 

voltmeter read 105 volts automatically adjusts 
all transformer primaries to the predetermined 
correct voltage. 

2) The necessity for having all primaries 
work at the same voltage is eliminated. Thus, 
110 volts can be applied to the primary of one 
transformer, 115 to another, etc., as required to 
obtain the desired output voltage. 

3) Independent control of the plate trans-
former is afforded by the tap switch 82. This 
permits power-input control and does not re-
quire an extra autotransformer. 

Constant- Voltage Transformers 

Although comparatively expensive, special 
transformers called constant-voltage transform-
ers are available for use in cases where it is 
necessary to hold line voltage and/or filament 
voltage constant with fluctuating supply-line 
voltage. They are rated over a range of 17 va. 
at 6.3 volts output, for small tube-heater de-
mands, up to several thousand volt-amperes at 
115 or 230 volts. In average figures, such trans-
formers will hold their output voltages within 
one per cent under an input-voltage variation 
of 30 per cent. 

Construction of Power Supplies 

The length of most leads in a power supply 
is unimportant, so that the arrangement of 
components from this consideration is not a 
factor in construction. More important are 
the points of good high-voltage insulation, 
adequate conductor size for filament wiring, 
proper ventilation for rectifier tubes and — 
most important of all — safety to the operator. 
Exposed high-voltage terminals or wiring 
which might be bumped into accidentally 
should not be permitted to exist. They should 
be covered with adequate insulation or placed 
inaccessible to contact during normal opera-
tion and adjustment of the transmitter. Power-
supply units should be fused individually. All 
negative terminals of plate supplies and positive 

terminals of bias supplies should be securely 
grounded to the chassis, and the chassis connected 
to a waterpipe or radiator ground. All trans-
former, choke, and condenser cases should also 
be grounded to the chassis. 

Rectifier filament leads should be kept short 
to assure proper voltage at the rectifier socket, 
and the sockets should have good insulation 
and adequate contact surface. Plate leads to 
mercury-vapor tubes should be kept short to 
minimize the radiation of noise. 
Where high-voltage wiring must pass 

through a metal chassis, grommet-lined clear-
ance holes will serve for voltages up to 500 or 
750, but ceramic feed-througb insulators 
should be used for higher voltages. Bleeder and 

Fig. 7- 26— A typical simple receiver power supply. 
Filament and plate voltages are taken from the multi. 
contact tube socket which serves as an outlet. 

Fig. 7- 27— Bottom view of the simple receiver power 
supply showing the cut-out for the flush-mounting trans-
former. 
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Fig. 7-28 — A typical high. 
voltage transmitter power 
supply. The transformers, 
chokes and condensers arc 
inverted so that no terminals 
are exposed to accidental 
contact. The caps of the 866 
rectifiers are the insulated 
type. 

• 

voltage-dropping resistors should be placed 
where they are open to air circulation. Placing 
them in confined space reduces the rating. 

It is highly preferable from the standpoint 
of operating convenience to have separate 
filament transformers for the rectifier tubes, 
rather than to use combination filament and 
plate transformers, such as those used in re-
ceivers. This permits the transmitter plate 
voltage to be switched on without the necessity 

Fig. 7-29 — Bottom % Mu,. of the trammitter lomer 
supply showing the cut-outs for the terminals. Separate 
power plugs are used for the rectifier-filament and plate 
transformers so that they may be switched independ-
ently from the control position. 

for waiting for rectifier filaments to come up 
to temperature after each time the high voltage 
has been turned off. When using a combination 
power transformer, high voltage may be turned 
off without turning the filaments off by using 
a switch between the transformer center tap 
s.nd chassis. This switch should be of the rotary 
type with good insulation between contacts. 
The shaft of the switch must be grounded. 

e SAFETY PRECAUTIONS 
All pf9wer supplies in an installation should 

be fed through a single main power-line switch 

so that all power may be cut off quickly, either 
before working on the equipment, or in case of an 
accident. Spring-operated switches or relays are 
not sufficiently reliable for this important service. 
Foolproof devices for cutting off all power to the 
transmitter and other equipment are shown in 
Fig. 7-30. The arrangements shown in Fig. 7-30A 
and B are similar circuits for two-wire (115-volt) 
and three-wire (230-volt) systems. S is an en-
closed double-throw knife switch of the sort 

POWER 

LINE 

TO 
EQUIP. 

TO 

EQUIP. 

EDI 

(C) 
Fig. 7-30 — Reliable arrangements for cutting off all 
power to the transmitter. S is an enclosed double-pole 
knife-type switch, J a standard a.c. outlet, P a shorted 
plug to fit the outlet and / a red lamp. 
A is for a two-wire 115-volt line, B for a three-wire 

230-volt system, and C a simplified arrangement for 
low-power stations. 
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usually used as the entrance switch 
in house installations. J is a stand-
ard a.c. outlet and P a shorted plug 
to fit the outlet. The switch should 
be located prominently in plain sight 
and members of the household 
should be instructed in its location 
and use. / is a red lamp located 
alongside the switch. Its purpose is 
not so much to serve as a warning 
that the power is on as it is to help 
in identifying and quickly locating 
the switch should it become neces-
sary for someone else to eut the 
power off in an emergency. 
The outlet J should be placed in 

some corner out of sight where it 
will not be a temptation for children 
or others to play with. The shorting 
plug can be removed to open the 
power circuit if there are others 
around who might inadvertently 
throw the switch while the operator 
is working on the rig. If the operator 
takes the plug with him, it will prevent someone 
from turning on the power in his absence and 
either injuring themselves or the equipment or 
perhaps starting a fire. 
Those who are operating low power and feel 

that the expense or complication of the switch 
isn't warranted can use the shorted-plug idea as 
the main power switch. In this ease, the outlet 
should be located prominently and identified by 
a signal light, as shown in Fig. 7-30C. 
The test bench ought to be fed through the 

main power switch, or a similar arrangement at 
the bench, if the latter is remote from the trans-
mitter. 
A bleeder resistor with a power rating giving 

a considerable margin of safety should be used 
across the output of all transmitter power sup-
plies so that the filter condensers will be dis-
charged when the high-voltage transformer is 
turned off. To guard against the possibility of 
danger to the operator should the bleeder re-
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Fig. 7-31 — Two schemes for shorting the high-voltage supply auto-
matically for safety purposes when the transmitter door is opened. 

sistor burn out without his knowledge, and also 
to protect him in case he neglects to turn off the 
power supply before opening a cabinet trans-
mitter enclosure, one of the devices shown in 
Fig. 7-31 is recommended. In A, a grounded 
pivoted metal lever drops by gravity against a 
contact connected to the positive high-voltage 
terminal when the cabinet door is opened, short-
ing the power supply. When the door is closed, it 
pushes against the end of the lever protruding 
through the door opening and the short is re-
moved automatically. In another scheme, shown 
at B, a metal ball, suspended on a cord, drops 
into a triangle of contacts, one of which is 
grounded, while the other two go to positive 
terminals of power supplies. The wedge mounted 
on the door pushes against the suspending cord, 
lifting the ball when the door is closed. The power 
supplies should be equipped with suitable fuses 
to save the equipment in case the device is ever 
called upon to perform its duty. 

Emergency and Independent Power Sources 
Emergency power supply which operates in-

dependently of a.c. lines is available, or can he 
built in a number of different forms, depending 
upon the requirements of the service for which 
it is intended. 
The most practical supply for the average 

individual amateur is one that operates from 
a 6-volt car storage battery. Such a supply 
may take the form of a small motor generator 
(often called a genemotor), a rotary converter, 
or a vibrator-transformer-rectifier combirmtion. 

Dynamotors 

A dynamotor differs from a motor generator 
in that it is a single unit having a double arma-
ture winding. One winding serves for the 
driving motor, while the output voltage is 

taken from the other. Dynamotors usually are 
operated from 6-, 12-, 28- or 32-volt storage 
batteries and deliver from 300 to 1000 volts 
or more at various current ratings. 
Genemotor is a term popularly used when 

making reference to a dynamotor designed 
especially for automobile-receiver, sound-
truck and similar applications. It has good 
regulation and efficiency, combined with econ-
omy of operation. Standard models of gene-
motors have ratings ranging from 250 volts at 
50 ma. to 100 volts at 375 ma. or 600 volts at 
250 ma. The normal efficiency averages around 
50 per cent, increasing to better than 60 per 
cent in the higher-power units. The voltage 
regulation of a genemotor is compars_ble to 
that of well-designed a.c. supplies. / 
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Successful operation of dy namot ors and 

genemotors requires heavy direct leads, me-
chanical isolation to reduce vibration, and 
thorough r.f. and ripple filtration. The shafts 
and bearings should be thoroughly " run in" 
before regular operation is attempted, and 
thereafter the tension of the bearings should be 
checked occasionally to make certain that no 
looseness has developed. 

In mounting the genemotor, the support 
should be in the form of rubber mounting 
blocks, or equivalent, to prevent the transmis-
sion of vibration mechanically. The frame of 
the genemotor should be grounded through a 
heavy flexible connector. The brushes on the 
high-voltage end of the shaft should be by-
passed with 0.002-µfd. mica condensers to a 
common point on the genemotor frame, pref-
erably to a point inside the end cover close to 
the brush holders. Short leads are essential. 
It may prove desirable to shield the entire 
unit, or even to remove the unit to a distance 
of three or four feet from the receiver and an-
tenna lead. 
When the genemotor is used for receiving, a 

filter should be used similar to that described 
for vibrator supplies. A 0.01-µfd. 600-volt 
(d.c.) paper condenser should be connected in 
shunt across the output of the genemotor, fol-
lowed by a 2.5-mh. r.f. choke in the positive 
high-voltage lead. From this point the output 
should be run to the receiver power terminals 
through a smoothing filter using 4- to 8-gfd. 
condensers and a 15- or 30-henry choke having 
low d.c. resistance. 

D.C.-A. C. Converters 

In some instances it is desirable to utilize 
existing equipment built for 115-volt a.c. opera-
tion. To operate such equipment with any of 
the power sources outlined above would re-
quire a considerable amount of rebuilding. 
This can be obviated by using a rotary con-
verter capable of changing the d.c. from 6-, 
12- or 32-volt batteries to 115-volt 60-cycle a.c. 
Such converter units are built to deliver outputs 
ranging from 40 to 250 watts, depending upon 
the battery power available. 
The conversion efficiency of these units 

averages about 50 per cent. In appearance and 
operation they are similar to genemotors of 
equivalent rating. The over-all efficiency of 
the converter will be lower, however, because 
of losses in the a.c. rectifier-filter circuits and 
the necessity for converting heater (which is 
supplied directly from the battery in the case 
of the genemotor) as well as plate power. 

Vibrator Power Supplies 

The vibrator type of power supply consists 
of a special step-up transformer combined with 
a vibrating interrupter (vibrator). When the 
unit is connected to a storage battery, plate 
power is obtained by passing current from the 
battery through the primary of the trans-
former. The circuit is made and reversed 

rapidly by the vibrator contacts, interrupting 
the current at regular intervals to give a 
changing magnetic field which induces a volt-
age in the secondary. The resulting square-
wave d.c. pulses in the primary of the trans-
former cause an alternating voltage to be 
developed in the secondary. This high-voltage 
a.c. in turn is rectified, either by a vacuum-tube 
rectifier or by an additional synchronized pair 
of vibrator contacts. The rectified output is 
pulsating d.c., which may be filtered by ordi-
nary means. The smoothing filter can be a 
single-section affair, but the output capaci-
tance should be fairly large — 16 to 32 dd. 

Fig. 7-32 shows the two types of circuits. At 
A is shown the nonsynchronous type of vibra-
tor. When the battery is disconnected the 
reed is midway between the two contacts, 
touching neither. On closing the battery circuit 
the magnet coil pulls the reed into contact 
with one contact point, causing current to flow 
through the lower half of the transformer 
primary winding. Simultaneously, the magnet 

(B) 

Fig. 7-32 — Basic types of vibrator power-supply 
circuits. A—Nonsynehronous. B—Synchronous. 

coil is short-circuited, deénergizing it, and the 
reed swings back. Inertia carries the reed into 
contact with the upper point, causing current 
to flow through the upper half of the trans-
former primary. The magnet coil again is en-
ergized, and the cycle repeats itself. 
The synchronous circuit of Fig. 7-32B is 

provided with an extra pair of contacts which 
rectify the secondary output of the trans-
former, thus eliminating the need for a sepa-
rate rectifier tube. The secondary center-tap 
furnishes the positive output terminal when 
the relative polarities of primary and second-
ary windings are correct. The proper connec-
tions may be determined by experiment. 
The buffer condenser, C2, across the trans-

former secondary, absorbs the surges that 
occur on breaking the current, when the mag-
netic field collapses practically instantaneously 
and hence causes very high voltages to be 
induced in the secondary. Without this con-
denser excessive sparking occurs at the vibrator 
contacts, shortening the vibrator life. Correct 
values usually lie between 0.005 and 0.03 pfd., 
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and for 250-300-volt supplies the condenser 
• should be rated at 1500 to 2000 volts d.c. The 
exact capacitance is critical, and should be 
determined experimentally. The optimum 
value is that which results in least battery 
current for a given rectified d.c. output from 
the supply. In practice the value can be deter-
mined by observing the degree of vibrator 
sparking as the capacitance is changed. When 
the system is operating properly there should 
be practically no sparking at the vibrator con-
tacts. A 5000-ohm resistor in series with C2 will 
limit the secondary current to a safe value 
should the condenser fail. 

Vibrator-transformer units are available in a 
variety of power and voltage ratings. Repre-
sentative units vary from one delivering 125 
to 200 volts at 100 ma. to others that have a 
400-volt output rating at 150 nia. Most units 
come supplied with "hash" filters, but not all 
of them have built-in ripple filters. The re-
quirements for ripple filters are similar to those 
for a.c. supplies. The usual efficiency of 
vibrator packs is in the vicinity of 70 per cent, 
so a 300-volt 200-ma. unit will draw ap-
proximately 15 amperes from a 6-volt storage 
battery. Special vibrator transformers are also 
available from transformer manufacturers so 
that the amateur may build his own supply if 
he so desires. These have d.c. output ratings 
varying from 150 volts at 40 ma. to 330 volts 
at 135 ma. 

Vibrator-type supplies are also available for 
operating standard a.c. equipment from a 6-volt 
storage battery in power ratings up to 100 watts 
continuous or 125 watts intermittent. 

"Hash" Elimination 

Sparking at the vibrator contacts causes r.f. 
interference (" hash," which can be distin-
guished from hum by its harsh, sharper pitch) 
when used with a receiver. To minimize this, 
r.f. filters are incorporated, consisting of RFC1 
and C1 in the battery circuit, and RFC2 with C3 
in the d.c. output circuit. 

Equally as important as the hash filter is 
thorough shielding of the power supply and 

To 6- volt 
of rage batt ry 

its connecting leads, since even a small piece 
of wire or metal will radiate enough r.f. to cause 
interference in a sensitive receiver. 

Testing in connection with hash elimination 
should be carried out with the supply operating 
a receiver. Since the interference usually is 
picked up on the receiving-antenna leads by 
radiation from the supply itself and from the 
battery leads, it is advisable to keep the supply 
and battery as far from the receiver as the con-
necting cables will permit. Three or four feet 
should be ample. The microphone cord likewise 
should be kept away from the power supply and 
its leads. 
The power supply should be built on a metal 

chassis, with all unshielded parts underneath. A 
bottom plate to complete the shielding is advis-
able. The transformer case, vibrator cover and 
the metal shell of the tube all should be grounded 
to the chassis. If a glass tube is used it should be 
enclosed in a tube shield. The battery leads should 
be evenly twisted, since these leads are more 
likely to radiate hash than any other part of a 
well-shielded supply. Experimenting with differ-
ent values in the hash filters should come after 
radiation from the battery leads has been re-
duced to a minimum. Shielding the leads is not 
often found to he partieularly helpful. 

• PRACTICAL VIBRATOR-SUPPLY 
CIRCUITS 

A vibrator-type power supply may be de-
signed to operate from a six-volt storage bat-
tery only, or in a combination unit which may 
be operated interchangeably from either bat-
tery or 115 volts a.c. 

;In example of the latter-type circuit is 
shown in Fig. 7-3.3. It consists essentially of 
two transformer-rectifier systems — one for 
115 volts a.c. and the other a vibrator system 
to operate from a 6-volt storage battery. A 
common filter is used for the two systems. In 
interchanging between a.c. and d.c. operation, 
the rectifier tube (a 6X5 or 6NV5G) is shifted to 
the appropriate socket, while the filament con-
nections are made to the proper output termi-

Fig. 7-33 — Circuit of a combination a.c.-d.c. power 
supply for emergency work. 

HY. 

6.3V A.C. 
To  fils. 

6V. D.C. 

Ci — 0.01-pfd. 600.volt paper. 
C2 — 8-pfd. 450-volt electroly tic. 
Ca — 32-pfd. 450-volt electrolytic. 
C4 — 0.005- to 0.01-pfd. 1600-volt paper. 
C5 — 500-pfd. electrolytic, 25 volts or higher. 
Ce — 100-ppfd. 600.% c-ilt mica. 
RI — 4700 ohms, 1 matt. 
Li — 10. to 12-hy. filter choke, 100 ma. (not 

over 100 ohms) (Stancor C-2303 or 
equivalent). 

RFC: — 2.5-mh. r.f. choke. 
RFC2 — 55 turns No. 12 on 1-inch form, 

close-wound. 
Si, Ss — Toggle switch. 
Ti — Power transformer: 275 to 300 volts 

To f Is. r.m.s. each side of center tap, 100 to 
150 ma., 6.3-volt filament winding. 

— Vibrator transformer (Stancor P.6131 
or similar). 

VIB — Vibrator unit (Mallory 500P, 294, 
etc.). 
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Fig. 7-34 — A typical combination a.c.-d.c. power pack 
for low-power emergency work. The two transfiemers 
are mounted at either end of the chassis. The filter con-
denser is at the left, the two rectifier sockets at the 
center and the vibrator to the rear. 

nals. If desired, two rectifier tubes may be 
used and the changeover made through suit-
able switches. 

R.f. filters for reducing hash are incor-
porated in both primary and secondary cir-
cuits. The secondary filter consists of a 0.01-µfd. 
paper condenser directly across the rectifier 
output, with a 2.5-mh. r.f. choke in series 
ahead of the smoothing filter. In the primary 
circuit a low-inductance choke and high-capac-
itance condenser are needed because of the 
low impedance of the circuit. A choke of the 
specifications given should be adequate, but 
if there is trouble with hash it may be beneficial 
to experiment with other sizes. The wire should 
be large — No. 12. preferably, or No. 14 as a 
minimum. Manufactured chokes such as the 
Mallory RF583 are more compact and give 
higher Inductance for a given resistance because 
they are bank-wound, and may be substituted if 
obtainable. C5 should be at least 500 ¡dd.; even 
more capacitance may help in bad cases of hash. 
The components are assembled on a 5 X 10 X 3-
inch steel chassis. Three socket holes are required 
— one for the 4-prong socket for the vibrator and 
two octal sockets for the rectifier. 
The compactness of selenium rectifiers and 

the fact tljat they do not require filament volt-
age make them particularly suited to compact 
lightweight power supplies for portable emer-
gency work. # 

Fig. 7-35 shows the circuit of a vibrator pack 
that will deliver an output voltage of 400 at 
200 ma. It will work with either 115-volt ac. 
or 6-volt battery input. The circuit is that of 
the familiar voltage tripler whose d.c. output 
voltage is, as a rough approximation, three 
times the peak voltage delivered by the trans-
former or line. An interesting feature of the 
circuit is the fact that the single transformer 
serves as the vibrator transformer when op-

crating from 6-volt d.c. supply and as the 
filament transformer when operating from an 
a.c. line. This is accomplished without com-
plicated switching. 
The vibrator transformer, 7'1, is a dual-

secondary 6.3-volt filament transformer con-
nected in reverse. In either event, the filament 
windings must have a rating of 10 amperes if 
the full load current of 200 ma. is to be used. 
The vibrator also must be capable of handling 
the current. The hash-filter choke, LI, must carry 
a current of 20 amperes. 
The following table shows the output voltage 

to be expected at various load currents, de-
pending upon the size of condensers used at 
C1, C2 and Cg. 

CI, C2, Cs Output Voltage at 
(p,fd.) 50 ma. 100 ma. 160 ma. 200 ma. 

60 455 430 415 395 
40 425 390 360 330 
20 400 340 285 225 

In operating the supply from an a.c. line, it is 
always wise to determine the plug polarity with 
respect to ground. Otherwise the rectifier part 
of the circuit and the transformer circuit can.; 

_L 

 o 
Cs to 6-volt bait. T 

-r z  
Fig. 7-35 — Circuit diagram of a compact vibrator-a.c. 
portable power supply using selenium rectifiers. 
Ci — 60-afd. 200-volt electrolytic. 
C2— 60-afd. 400-volt electrolytic. 
C3 — 60.5fd. 600-volt electrolytic. 
C4 — 25-afd. 25-volt electrolytic. 
CS, CO — 0.5-afd. 25-volt paper. 
C7 — 0.007-afd. 1500-volt paper. 
Ht — 25,000 ohms, 10 watts. 
Li — 25-ahy. 20-amp. choke. 
Si — 115-volt toggle Fos itch. 
S2— 1).p.d.t. heavy-duty knife switch. 
S3— 25-amp. s.p.s.t. switch. 
T1 — See text. 
V — Heavy-duty vibrator (Cornell-Dub. 4123). 

not be connected to actual ground except 
through by-pass condensers. Rectangular cut-
outs are also needed for the two flush-mounting 
transformers. The filter choke, LI, and other 
small components can be fitted under the chassis. 
The clip leads to the battery should be no longer 
than necessary. 

• GASOLINE-ENGINE DRIVEN 
GENERATORS 

For higher-power installations, such as for 
communications control centers during emer-
gencies, the most practical form of independent 



228 CHAPTER 7 

power supply is the gasoline-engine driven 
generator which provides standard 115-volt 
60-cycle supply. 

Such generators are ordinarily rated at a 
minimum of 250 or 300 watts. They are availa-
ble up to two kilowatts. or big enough to 
handle the highest-power amateur rig. Most 
are arranged to charge automatically an aux-
iliary 6- or 12-volt battery used in starting. 
Fitted with self-starters and adequate mufflers 
and filters, they represent a high order of per-
formance and efficiency. Many of the larger 
models are liquid-cooled, and they will operate 
continuously at full load. 
A variant on the generator idea is the use of 

fan-belt drive. The disadvantage of requiring 
that the automobile must be running through-
out the operating period has not led to general 
popularity of this idea among amateurs. 
Such generators are similar in construction and 
capacity to the small gas-driven units. 
The output frequency of an engine-driven 

generator must fall between the relatively 
narrow limits of 50 to 60 cycles if standard 
60-cycle transformers are to operate efficiently 
from this source. A 60-cycle electric clock pro-
vides a means of checking the output frequency 
with a fair degree of accuracy. The clock is 
connected across the output of the generator 
and the second hand is checked closely against 
the second hand of a watch. The speed of the 
engine is adjusted until the two second hands 
are in synchronism. If a 50-cycle clock is used 
to check a 60-cycle generator, it should be 
remembered that one revolution of the second 
hand will be made in 50 seconds and the clock 
will gain 4.8 hours in each 24 hours. 
Output voltage should be checked with a 

voltmeter since a standard 115-volt lamp bulb, 
which is sometimes used for this purpose, is 
very inaccurate. Tests have shown that what 
appears to be normal brilliance in the lamp 
may occur at voltages as high as 150 if the 
check is made in bright sunlight. 

Noise Elimination 

Electrical noise which may interfere with re-
ceivers operating from engine-driven a.c. gen-
erators may be reduced or eliminated by tak-
ing proper precautions. The most important 
point is that of grounding the frame of the 
generator and one side of the output. The 
ground lead should be short to be effective, 
otherwise grounding may actually increase the 
noise. A water pipe may be used if a short con-
nection can be made near the point where the 
pipe enters the ground, otherwise a good sepa-
rate ground should be provided. 
The next step is to loosen the brush-holder 

p 

locks and slowly shift the position of the 
brushes while checking for noise with the re-
ceiver. Usually a point will be found (almost 
always different from the factory setting) 
where there is a marked decrease in noise. 

e 
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• 
Fig. 7-36 — Connections used for eliminating inter-
ference from gas-driven generator plants. C should be I 
ad., 300 volts, paper, while C2 may he 1 5M. with a 
voltage rating of twice the d.c. output voltage delivered 
by the generator. X indicates an added connection 
between the slip ring on the grounded side of the line 
and the generator frame. 

From this point on, if necessary, by-pass 
condensers from various brush holders to the 
frame, as shown in Fig. 7-36, will bring the 
hash down to within 10 to 15 per cent of its 
original intensity, if not entirely eliminating it. 
Most of the remaining noise will be reduced 
still further if the high-power audio stages 
are cut out and a pair of headphones is con-
nected into the second detector. 

• POWER FOR PORTABLES 
Dry-cell batteries are the only practical 

source of supply for equipment which must be 
transported on foot. From certain considera-
tions they may also be the best source of volt-
age for a receiver whose filaments may be 
operated from a storage battery, since no prob-
lem of noise filtering is involved. 

Their disadvantages are weight, high cost, 
and limited current capability. In addition, 
they will lose their power even when not in use, 
if allowed to stand idle for periods of a year or 
more. This makes them uneconomical if not 
used more or less continuously. 

Dry " B" batteries are made in a variety of 
sizes and shapes, from a 45-volt unit weighing 
about 1 lb. that has an intermittent service 
rating of 20 hours at a drain of 20 ma., to a 
12-lb. Unit rated at 130 hours at 40 ma. " A" 
batteries for filament service range from a 
6-volt unit weighing 1M lbs. delivering in 
intermittent service an average of 60 ma. 
for 150 hours, to a 6 h-lb. 1.5-volt unit having 
a service life of 870 hours at 200 ma. Miniature 
batteries, suitable for hand-portable use, are 
also available. 
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Keying and Break-In 
Offhand it would appear that keying a trans-

mitter is a simple matter, since on the face of 
it nothing more is involved than turning the 
transmitter output on and off to correspond 
to the code characters being sent. Unfortu-
nately, it is not this simple, and perfect keying 
of a c.w. rig is as difficult to come by as perfect 
voice quality is with a 'phone transmitter. The 
problem cannot be dismissed lightly. 

Although the operation is basically that of 
turning the transmitter output power on and 
off, it is complicated by the fact that it must 
not be turned on and off instantaneously. In-
stead, the output must be made to rise to (and 
fall from) maximum in some finite period of 
time, if key clicks are to be avoided. These 
clicks are the inescapable result of changing 
the power level rapidly, and they appear in the 
radio spectrum adjacent to the signal proper. 
The more rapidly the output is varied, the 
farther the clicks will extend in frequency and 
the greater will be their amplitude. They inter-
fere unnecessarily with other signals and, if 
severe enough, can be cause for a discrepancy 
report by the FCC. 

Another effect of improper keying of a trans-
mitter is the introduction of chirp, a change in 
frequency at the instant of making or breaking 
the signal. A chirp of 50 cycles is enough to 
make a signal unpleasant to copy, and a chirp 
of several hundred cycles may render the signal 
difficult to copy or a target for an FCC dis-
crepancy report. Much depends, of course, 
upon the selectivity and beat note being used 
at the receiver, but the safest procedure is to 
aim for no detectable chirp. 
A third keying fault is backwave, which con-

sists of power leaking through and radiating 
when the key is "up." A strong backwave makes 
the signal unpleasant or difficult to copy. 

In code transmission, there are intervals 
between dots and dashes, and slightly longer 
intervals between letters and words, when no 
power is being radiated by the transmitter. If 
the receiver can be made to operate at normal 
sensitivity during these intervals, it is possible 
for the receiving operator to signal the trans-
mitting operator, by holding his key down. 
This is useful during the handling of messages, 
since the receiving operator can immediately 
signal the transmitting operator if he misses 
part of the message. It also reduces the time 
necessary for calling in answer to a "Cg." The 
ability to hear signals during the short "key-up" 
intervals is called break-in operation. 

• SELECTING THE STAGE TO KEY 
It is often desirable from an operating stand-

point to design the c.w. transmitter for break-
in operation. In most cases this requires that 
the oscillator be keyed, since a continuously-
running oscillator will create interference in 
the receiver and prevent break-in on or near 
one's own frequency, unless the oscillator stage 
is well shielded.' Chirpless and clickless keying 
of an oscillator is difficult to obtain, since the 
necessary slow turning on and off of the oscillator 
(for click elimination) shows up any oscillator 
frequency-vs.-voltage changes. It is easy to key 
an oscillator without chirps or without clicks but 
not without both. The effect of a chirp is multi-
plied with frequency, and it is difficult to obtain 
chirpless oscillator keying at an output frequency 
of 14, 21 or 28 Mc. 
The best-sounding keying (and the simplest 

to adjust) is usually obtained by keying the out-
put or driver stage, or both. With the oscillator 
running continuously and '• Iniffered" by several 
intermediate stages, its frequency remains con-
stant throughout all parts of the keying cycle. 
The only problem in keying then becomes that 
of properly "shaping" the keying to reduce or 
eliminate clicks. When keying several stages 
away from the output amplifier, it is necessary 
to bias the stages following the keyed stage so 
that they draw little or no plate current when the 
key is up, to avoid excessive plate dissipation. 
If the stages are biased too heavily, however, 
these subsequent amplifiers tend to shorten the 
rise and fall times and thus reintroduce clicks. 
This should always be borne in mind when a 
multistage transmitter is used with low-level 
keying. 
The power broken by the key is an impor-

tant consideration, both from the standpoint 
of safety to the operator and that of sparking 
and sticking at the key contacts. Keying of the 
oscillator or a low-power stage is favorable on 
both counts. The use of a keying relay or keyer 
tube is recommended when a high-power cir-
cuit is keyed. 

Because transmitters vary widely in design, 
there is no specific recommendation that can 
be made about choosing the stage to key. If 
the oscillator alone keys satisfactorily (no 
chirps or clicks), even when listening to its 

1 For a description of a well-shielded oscillator, see Smith, 
" A Solution to the Keyed-VFO Problem," QST, February, 
1950. 

229 



230 CHAPTER 8 

harmonics on 21 or 28 Mc., the transmitter 
should be keyed there, but the effect of adding 
the additional multipliers and amplifiers should 
be carefully checked, to see that clicks are not 
reintroduced. Methods for checking will be 
given later. If the oscillator cannot be keyed 
satisfactorily by itself or with the following 
stage added, a stage near the output should be 

keyed and any thought of break-in operation 
should be discarded. A close approach to 
break-in operation can be obtained by using a 
convenient and fast "on-off" switch for the 
oscillator, or the break-in system described 
later in the chapter can be used. Foot-actuated 
switches are available for use as the "on-off" 
switch — they leave both hands free at all times. 

Keying Circuits 
The plate circuit is a good one to key in an 

oscillator or low-voltage amplifier, because it 
is easy to shape the keying properly in this 
circuit. When plate-circuit keying is used, 
it is usually done in the negative lead, since this 
permits one side of the key to be wounded. 
The stage can be keyed in the positive lead, 
but both sides of the keyed circuit will be 
"hot," and a keying relay is advisable. Fig. 
8-1 shows the general circuit for negative-
lead keying in either an oscillator or an am-
plifier. Two examples are shown using triodes, 
but screen-grid tubes can be used just as 
readily. Plate-circuit keying is recommended 
only for low-voltage circuits if no keying relay 
is used, since a large portion of the supply 
voltage can appear across the open key. 

Shaping circuits applicable to this and later 
circuits will be discussed in this chapter under 
"Testing Your Keying." 
Somewhat closely related to plate-circuit 

keying is screen-grid keying, shown in Fig. 
8-2. The only basic difference is that the screen 
grid is pulled down to a negative voltage when 
the key is up, to avoid the bavkwave that may 

Mutual 

Fig. 8-1 — Negative plate-lead keying for cathode- or 
filament-type tubes. These circuits are useful for oscil-
lator or low-power stages, where the voltage across the 
open key is not very dangerous. Tetrode or pentode 
stages can be keyed in this manner, hut the screen cir-
cuit should be stabilized with VII tubes or a heavy volt-
age divider. RI is the normal grid leak. Cl. C2. ("73 and 
C4 are r.f. by-pass condensers. 

be present when the screen goes only to zero 
volts. The negative supply can be small, since 
its current demand is only a few milliamperes. 
If the screen voltage is taken from the plate 
supply, it should come from a voltage divider 
rather than a simple dropping resistor. 

- 50 + SCREEN 
ro-ion 

Fig. 8-2 — Screen-grid keying, suitable for oscillator 
or amplifier keying. RI is the normal grid leak, 82 
should be about 200 to 500 ohms per screen volt, and 
CI, C2 and C3 are normal by-pass condensers. 

Grid-circuit, or blocked-grid, keying is 
shown in Fig. 8-3. With the key up, a negative 
voltage is applied to the grid sufficient to cut 
off the tube and prevent current flow. With 
the key closed, the grid circuit develops nor-
mal grid bias through R2. The drain on the 
negative-voltage supply is small, since it is 
limited by the size of RI. Grid-circuit keying 
is generally used with low-power stages or where 
the voltage necessary to cut off the amplifier is 
only a few hundred volts. The value of C1 deter-
mines the keying characteristic, together with 
the ratio of R2 and R1, and will be discussed 
later. 
By placing the key in the cathode (or center 

tap) circuit of an oscillator or amplifier, both 
the grid and plate (and screen, if any) circuits 
are opened by the key. Cathode keying is good 
for use with amplifiers, because the proper 

ExcitatIo, 

(A) 

Blocking Bias 

Fig.8-3— Blocked-grid key-
ing. RI, the current-limiting 
resistor, should have a value 
of about 50,000 ohms. CI 
may ha% e a capacity of 0.1 
to 1 pfd., depending upon 
the keying characteristic 
desired. 82 is the normal 
value of grid leak for the 
tube. 



Fig. 8-5— The basic 
keyer-tube circuit for 
cathode or negative-lead 
keying. 

KEYING AND BREAK-IN 

Grid Plata 

Return Return 

¡'i;. 8.4 — Cathode and center-tap keying. The condens-
ers C are r.f. by-pass condensers. Their capacity is not 
critical, values of 0.001 to 0.01 dd. ordinarily being used. 

shaping can be accomplished readily. It is also 
widely used with oscillators, but here the 
shaping is often complicated by the grid-
circuit time constant. Cathode keying is shown 

row/lock of in Fig. 8-4. It is popular 
keyed stage for use in low- and me-

dium-power stages, al-
t hough a keying relay or 
keyer tube should be 
used where the plate 
voltage is more than 
300. 
A popular method of 

keying involves using 
one or more tubes as 
keyer tubes, in place of 
a relay. A keyer tube (or 
tubes) can be used in the 
negative-lead or cathode-
keying circuits of Figs. 
8-1 and 8-4. One ad-
vantage of tube keying 
is that the voltage across 
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the key is limited by large resistors, and so the 
operator has no chance for anything but the 
slightest electrical shock. A further advantage is 
that the shaping is done in the grid circuit of the 
keyer tube with inexpensive parts. The basic 
keyer tube circuit is shown in Fig. 8-5 — it is simi-
lar to the grid-circuit keying of Fig. 8-3. 
A keying relay can be substituted for a key 

in any of the keying circuits shown in this 
chapter. Most keying relays operate from 6.3 
or 115 volts a.c., and they should be selected 
for their speed of operation and adequate in-
sulation for the job to be done. Adequate cur-

Relay Power 

Key 

Fig. 8-6 — A keying relay eau always be substituted for 
the key, to provide better isolation from the keyed cir-
cuit. An r.f. filter is generally required at the key, and the 
keying filter is connected in the keyed circuit at the 
relay contacts. 

Relay 

rent-handling capability is also a factor. A 
typical circuit is shown in Fig. 8-6. 
The relay-coil current that is broken by the 

key will cause clicks in the receiver, and an 
r.f. filter (see later in this chapter) is often 
necessary across the key. The normal keying 
filter connects at the relay armature contacts 
in the usual manner. Vibration effects of the 
keying relay upon the oscillator circuit should 
be avoided. 

Testing Your Keying 

The choice of a keying circuit is not as im-
portant as its complete testing. Any of the 
circuits shown in this section can be made to give 
satisfactory keying, but they must be adjusted 
properly. 
The easiest way to find out what your keyed 

signal sounds like on the air is to trade stations 
with a near-by ham friend some evening for a 
short QS0. If he is a half mile or so away, 
that's fine, but any distance where the signals are 
still 89 will be satisfactory. 

After you have found out how to work his 
rig, make contact and then have him send slow 
dashes, with dash spacing. (The letter "T" at 
about 5 w.p.m.) With the crystal filter out, cut 
the r.f. gain back just enough to avoid receiver 
overloading (the condition where you get crisp 
signals instead of mushy ones) and tune slowly 
from out of beat-note range on one side of the 
signal through to zero and out the other side. 
Knowing the tempo of the dashes, you can 
readily identify any clicks in the vicinity as 
yours or someone else's. A good signal will have 
a thump on "make" that is perceptible only 
where you can also hear the beat note, and the 

click on " break" should be practically negli-
gible at any point. Fig. 8-7A shows how it 
should sound. If your signal is like that, it will 
sound good, provided there are no chirps. Then 
have him run off a string of 35- or 40-w.p.m. 
dots with the bug — if they are easy to copy, 
your signal has no "tails" worth worrying 
about and is a good one for any speed up to 
the limit of manual keying. If the receiver has 
poor selectivity with the crystal filter out, 
make one last check with the filter in ( Fig. 
8-7B), to see that the clicks off the signal are 
negligible even at high signal level. 

If you don't have any convenient friends 
with whom to trade stations, you can still 
check your keying, although you have to be 
a little more careful The first step is to get rid 
of the r.f. click at the key, because if you don't 
you cannot make further observations. Locally 
(meaning in your own receiver) this click will 
coincide in time with clicks that may or may 
not be on your signal, so there is just no way 
to observe your signal without first eliminating 
the r.f. click. And unless you have a keying 
system that breaks no current, you have a 
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Fig. 8-7 — Representations of a clean c.w. signal as a receiver is tuned through it. (A) shows a receiver with no 
crystal filter and the b.f.o. set in the center of the passband, and (B) shows the crystal filter in and the receiver ad-
justed for single-signal reception. The variation in thickness of the lines represents the relative signal intensity. The 
audio frequency where the signal disappears will depend upon the receiver selectivity characteristic and the strength 
of the signal. 

click at the key. Even the current broken by 
the key in a vacuum-tube keyer circuit (which 
is sometimes only 0.1 ma. or so) will cause r.f. 
clicks that can be heard in your receiver and 
often in the b.c. set. If you key with a relay, 
the key opens the relay-coil circuit and clicks 
are generated at the key as well as at the relay 
contacts. Don't make the very common mis-
take of thinking these clicks are the same as 
the on-the-air clicks discussed earlier — they 
are not! They are simply local clicks that you 
must eliminate before you can observe your 
signal in your receiver. These clicks are the 
same as the ones you get when you turn an 
electric light on or off — when you suddenly 
start or stop current flow, no matter how little, 
you generate r.f. and that's the click. 

Getting rid of this little click is generally no 
trick at all, unless you're breaking a lot of 
current. All it requires is a small r.f. filter, as 
shown in Fig. 8-8. Sometimes just a small 
(0.001-dd.) condenser mounted right at the 
key terminals will do it, and sometimes it will 
require the full treatment complete with r.f. 
chokes and second condenser. Measure the 
normal current through the key leads, remove 
the transmitter leads, and then connect a d.c. 
power supply and resistor to give the same 
current through the key. When your key will 
break this current with no click, as observed 
in your receiver and the b.c. set (tuned off any 
station), you have a suitable r.f. filter at the 

RPC, 
UJLO  

To keyed 
circuit 

RFC2 

Fig. 8-8— A filter for eliminating the r.f. click at 
the key. First try Ci, then add the two r.f. chokes, 
and then C2. This filter does not eliminate on-the-air 
clicks, but it is necessary if you are trying to check 
keying in your own receiver. It should be mounted 
right at the key. 
CI, C2— 0.01 to 0.001 dd., not critical. 
RFC', RFC2 — 1- to 2.5-mh. r.f. choke. 

key and you can reconnect the transmitter. If 
you use a vacuum-tube keyer, just don't turn 
on the transmitter but key the normal keyer 
grid current. If you use a keying relay, first 
eliminate the click at the key by just keying 
the relay and adding filter across the key, and 
then eliminate the click at the relay contacts 
with another r.f. filter in the relay-keyed cir-
cuit. The filter should be mounted right at the 
key or relay contacts. The objective is to be 
able to make or break normal key current 
without generating a local click, and the filter-
ing is usually so simple that the junk box will 
yield the parts and the process takes longer to 
describe than to apply. 

So far you haven't done a thing for your 
signal on the air and you still don't know what 
it sounds like, but you may have cleaned up 
some clicks in the b.c. set. Now disconnect the 
antenna from your receiver and short the 
antenna terminals with a short piece of wire. 
Tune in your own signal and reduce the r.f. 
gain to the point where your receiver doesn't 
overload. Detune any antenna trimmer the 
receiver may have. If you can't avoid overload 
within the r.f. gain-control range, pull out the 
r.f. amplifier tube and try again. If you still 
can't avoid overload, listen to the second 
harmonic as a last resort. Since an overloaded 
receiver can generate clicks, it is easy to realize 
the importance of eliminating overload during 
any tests or observations. 

Describing the volume level at which you 
should set your receiver for these "shack" tests 
is a little difficult. The r.f. filter should be 
effective with the receiver running wide open 
and with an antenna connected. When you 
turn on the transmitter and take the other 
steps mentioned to reduce the signal in the 
receiver, run the audio up and the r.f. down to 
the point where you can just hear a little 
"rushing" sound with the b.f.o. off and the 
receiver tuned to the signal. This is with the 
crystal filter in. At this level, a properly-ad-
justed keying circuit will show no clicks off the 
rushing-sound range. With the b.f.o. on and 
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the same gain setting, there should be no clicks 
outside the beat-note range. When observing 
clicks, make the slow-dash and fast-dot tests 
outlined previously. 
Now you know how your signal sounds on 

the air, with one exception. 1f keying your 
transmitter makes the house lights blink or the 
dial light in your receiver flicker, you may not 
be able to tell too accurately about any chirp 
on your signal. However, if you are satisfied 
with the absence of chirp when tuning either 
side of zero beat, it is safe to assume that your 
receiver isn't chirping with the light flicker and 
the observed signal is a true representation. 
No chirp either side of zero beat is fine — some 
chirp can be either in your transmitter or your 
receiver, when the lights flicker. But don't try 
to make these tests without first getting rid of 
the r.f. (lick at the key, because clicks can mask 
a chirp. 

In some instances, particularly if the trans-
mitter power is several hundred watts or more, 
you may find that a small click still persists on 
all frequencies. If such a click is observed, pull 
out the last i.f. amplifier tube in your receiver 
and listen again. If the click is still there, it 
indicates rectification in the audio system of 
your receiver, the same type of BCI we con-
demn cheap midget receivers for. You can cure 
it with the usual resistor-condenser filter used 
for curing such 13(71 cases, or you can leave it 
in and make mental compensation for it. Any 
click you hear on your signal should reduce to 
this minimum click immediately off the signal. 

Another unavoidable click can be encoun-
tered by r.f. pick-up on the lead from a re-
ceiver i.f. amplifier to an "outrigger" selective i.f. 
amplifier ("Q5-er"). Here again the click will be 
present at any setting of the receiver tuning 
control. The solution here is to make your checks 
with the Q5-er disconnected and the lead removed 
from the receiver. 
Key clicks are caused by the key turning 

your transmitter on and off too fast — and 
sometimes by parasitic oscillations in an ampli-
fier — and all a key-click filter does is to slow 
down the turning-on and turning-off processes. 
Parasitic clicks occur at points 25 to 100 kc. 
either side of the signal, and are caused by 
low-frequency parasitic oscillations triggered by 
the keying. The cure consists of eliminating the 
oscillation, not adding key-click filters. 

Plate, screen or cathode keying requires a 
key-click filter of the type shown in Fig. 8-9. 
Adjustment of such a filter is a simple matter. 
If the signal has too heavy a click or thump 
on "make," L should have more inductance. 
If the click is too heavy on "break," C should 
have more capacity. The "break" character-
istic is also influenced by the value of L, so 
start with a value of C that reduces the clicks 
noticeably on "break," adjust the value of L 

for best "make" characteristic, and then clean 
up the "break" by further modification of C. 
Since you may have only a few stray induct-
ances around the shack, you may not find just 
the value you want for L. In this case, use a 
value that gives too soft a "make" and then 
shunt the inductance with resistance to reduce 
its effect. Transformer windings will often 
serve as well as standard chokes in this applica-
tion, so try everything around the shack until 
you find what you need. For a given voltage, 
high-current circuits will require more C and 
less L than will low-current ones. 

In the screen-grid keying circuit (Fig. 8-2), the 
value of R2 will also affect the "break" charac-
teristic. If R2 is too large the "break" will tail off 
too gradually, if it is too small it may introduce 
a click on "break." In general it is best to start 
with a value as suggested in Fig. 8-2 and adjust 
C (Fig. 8-9) for the proper "break" characteristic. 

C eeraundor 
*screen supply 

To cathode 
—r10111,—..- or screen 

Jig. 8-9 — A key-click filter for cathode, negative-
lead or screen keying. It can be located any where in the 
keying line. The values of I. and C will vary widely, with 
different currents and voltages, and must. be found by 
cut-and-try. For screen keying, the resistor R2 (Fig. 8-2) 
should connect to the junction of L and C. 
C — 0.05 to 2.0 µfd. 
L — 0.5 to 30 henrys. 

Adjustment of control-grid or keyer-tube 
keying characteristics is simple, since the im-
portant components are CI, R1 and R2 (Figs. 
8-3 and 8-5). For a given value of C1, increasing 
the value of R2 will soften the "make" char-
acteristic, and increasing the value of R1 will 
soften the "break." The value of R1 will be 
many times the value of R2. With grid-block 
keying, the value of R2 is determined already 
if the tube runs grid current, because this will 
be the normal grid leak, and so the value of C1 
must be adjusted for proper "make" char-
acteristic and then the "break" made satis-
factory by adjustment of RI. Tubes running 
heavy grid current are not too suitable for 
grid-block keying because the value of R1 
generally ends up comparatively low and the 
negative supply must furnish too much current 
when the key is down. 

If you are keying in a low-level stage, don't 
overlook the clipping action of subsequent 
stages that are fixed-biased beyond cut-off. It 
can reintroduce clicks.2 And if you key your 
oscillator, don't be too disappointed in the 
chirp that shows up when you have clickless 
keying. Amplifier keying is the answer. 

2 For a more complete discussion of this effect, see Carter, 
"Reducing Key Clicks," QST, March, 1949. 
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Vacuum-Tube Keyers 
The practical tube-keyer circuit of Fig. 8-10 

can be used for keying any stage of any trans-
mitter. Depending upon the power level of the 
keyed stage, more or fewer Type 45 tubes can be 
connected in parallel to handle the necessary cur-
rent. The voltage drop through a single 45 varies 
from about 90 volts at 50 ma. to 50 volts at 20 ma. 
Tubes added in parallel will reduce the drop in 
proportion to the number of tubes used. 
When connecting the output terminals of the 

keyer to the circuit to be keyed, the grounded 
output terminal of the keyer must be connected 
to the transmitter ground. Thus the keyer can be 
used only in negative-lead or cathode keying. 
When used in cathode keying, it will introduce 

voltage is available from some other source, such 
as a bias supply. A simplified version of this cir-
cuit could eliminate SI and 82 and their asso-
ciated resistors and condensers, since they aro 
incorporated only to allow the operator to select 
the combination he prefers. But once the values 
have been selected, they can be soldered perma-
nently in place. The rule for adjusting the keying 
characteristic is the same as for blocked-grid 
keying. 

A Low-Power Keyer 

If a low-level stage running only a few watts 
is to be keyed, the tube-keyer circuit of Fig. 8-11 
offers a simple solution. By using a 117L7 type 

Fig. 8-10 — Wiring diagram of a practical vacuum-tube keyer. 
Ct — 2-pfd. 600-volt paper. 
C2— 0.0033-prd. mica. 
C3 — 0.0047-pfd. mica. 
Hi — 0.22 megollin, 1 watt. 
112-50,000 ohms, 10 watts. 

cathode bias to the stage and reduce the output. 
This can be compensated for by a reduction in 
the grid-leak bias of the stage. 
The negative-voltage supply (T1, C1, R1 and 

the 80 rectifier) can be eliminated if a negative 

Low-Voltage 
Power Supply x 

C' 

 o 
KEYED CIRCUIT 

113, 114 — 4.7 megohms, 1 watt. 
Its — 0.47 megohm. 1 watt. 
Si. S2 — 1-circuit rotary switch. 
Ti — 350-0-350 volts, 5 volts and 2.5 volts (Stancor 

1'6003). 

Fig. 8-11 — Simple low -power • actium-tube kev cr. 

Ci — 0.5-pfd. 600.v oit paper. 
Cs — 8-pfd. 450-volt electrolytic. 
Ca — 0.01-pfd. ceramic. 

Connect keyer to a olt age power supply at point -X-. 

tube, which incorporates its own rectifier, it is 
only necessary to connect to some existing power 
supply at the point marked " X". The keying 
characteristic will vary with many factors, so 
the values of R1 and R2 only represent starting 

points for experiment at ion. 
When the key or keying 

lead has poor insulation, the 
resistance may become low 
enough (particularly in humid 
weather) to reduce the block-
ing voltage and allow the 
keyer tube to pass some cur-
rent. This may cause a slight 
backwave, but it can be cured 
by better insulation, or bv re-
duced values of R3 and R4 in 
Fig. 8-10 or R1 in Fig. 8-1 I. 

KEYED 
CIRCUIT 

Hi — 1 megohm, 3 watt. 
112 -0.1 megohm, j».i watt. 

Monitoring of Keying 

In general, there are two common methods for 
monitoring one's " fist" and signal. The first, and 
perhaps more common type, involves the use of 
an audio oscillator that is keyed simultaneously 
with the transmitter. 
The second method is one that permits receiv-

ing the signal through one's receiver, and this 
generally requires that the receiver be tuned to 

the transmitter (not always convenient unless 
working on the same frequency) and that some 
method be provided for preventing overloading 
of the receiver, so that a good replica of the trans-
mitted signal will be received. Except where 
quite low power is used, this usually involves a 
relay for simultaneously shorting the receiver 
input terminals and reducing the receiver gain. 
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The Monitone — for C.W. and 'Phone 

The " Monitone" is a useful device for monitor-
ing c.w. or 'phone transmissions. When used for 
c.w. work, it furnishes an audio tone every time 
the transmitter key is closed, and it also blanks 
the receiver output at the same time. When used 
with a 'phone transmitter, it blanks the receiver 
when the transmitter carrier is turned on, and 
also furnishes an audio replica of the transmitted 
signal, at any desired volume level. The Monitone 
requires no direct connection to the transmitter 
or key, and no changes are needed in the receiver. 
The sidetone and blanking are keyed by the r.f. 
output of the transmitter, regardless of frequency. 

Referring to Fig. 8-12, the 6SL7GT acts as a 
dual amplifier, for the receiver output and for the 
sidetone oscillator (consisting of the neon bulb 

Fig. 8-12 — Wiring diagram 
of the Monitone. 

Ci — 0.005-pfd. disc ceramic. 
C2, C3 — 0.1-pfd. 400-volt pa-

per. 
C4 — 25O-ed. ceramic. 
Ca — 100-ppfd. ceramic. 
Ce — 0.001.pfd. disc ceramic. 
C7, Cs — 450-volt elec. 

trolytic. 
Ri — 6800 ohms, IA  watt. 
R2 — 1000 ohms, 3z watt. 
113 — 0.56 megohm, ),4 watt. 
Ra, Ra — 1200 ohms, 1,4 watt. 
Ra — 1-megohm potentiometer 

(Mallory U-53). 
R7 — 22,000 ohms, 1 watt. 
Ils — 68,000 ohms, watt. 
lis, Rio — 1 megohm, ,q watt. 
Ru — 3-megohm potentiome-

ter ( Mallory U-59). 
Ru 2 — 2.2 megohms, 1.4 watt. 

— 47,000 ohms, 1 watt. 
—0.1 megolirn. 1 watt. 

Ji — Tip jack. 
.12 — Open-circuit jack. 
Pi — 'Phone plug. 
RFC, — 2.5-mh. r.f. choke. 
SlA, SIB — S.p.d.t. switch; see 

text. (Mallory US-28.) 
S2 — S.p.s.t. toggle switch. 
Ti — Replacement transformer 

(Stancor P-6010). 

NE-2, C6 and Rio Rn). When r.f. from the 
transmitter is fed in at Ji it is rectified by 
XTAL and a negative voltage is developed across 
Rg. This negative voltage cuts off the 6J5 and 
one-half of the 6SL7GT. The neon-bulb oscillator 
goes into action and the resultant tone is ampli-
fied in the other half of the 6SL7GT. For ' phone 
work, SIB is opened and SIA is closed. This turns 
off the sidetone oscillator and feeds the rectified 
audio from the transmitter through volume con-
trol R6. 
The tone of the neon-bulb oscillator is varied 

by the position of Rn. Since the power drain of 
the Monitone is only about 5 ma. at 250 volts, 
a resistor is used instead of a filter choke in the 
power supply. 
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One method of construction of the Monitone is 
to use a 6-inch cube aluminum utility box (ICA 
No. 29843) for a cabinet, mounting the compo-
nents on one removable wall and a small 2-inch 
chassis fastened to this wall. R6, Rii, 52, J2 and 
NE-2 can be mounted on the panel, with NE-2 
projecting through a rubber grommet. The 1N34 
crystal and most of the neon-oscillator parts can 
mount on the 6J5 socket, and the audio compo-
nents can be grouped around the 6SL7 socket. 
A tip jack for the r.f. pick-up lead can be mounted 
on the rear wall of the chassis, near where the 
115-volt line cord and the shielded lead to P1 are 
brought out. It is advisable to keep the power-
supply wiring and components away from the 
audio. 

6SL7GT 

Changeover switch &ASIR is mounted on the 
tone potentiometer, R11, and is wired so that Si,. 
is closed when the control arm for the poten-
tiometer is rotated to the extreme counterclock-
wise position. SIB should open at this setting of 
the tone control. 81.4Sui, labeled by the manu-
facturer as a s.p.d.t. switch, is actually a pair of 
s.p.s.t. switches built into a single assembly. 

Installation & Operation 

The Monitone is used by plugging the audio 
plug, P1, into the headphone jack of the receiver, 
the headphones into J2 of the Monitone, and 
applying 115 volts a.c. A length of wire must 
be run from the r.f. input jack, Ji, to a point 
where it can pick up r.f. from the transmitter 
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antenna system. With Sul and the power switch, 
S2, closed, the transmitter may be turned on and 
the position of the r.f. pick-up lead (Caution! 
High voltage!) adjusted for a sustained oscilla-
tion of the neon tube circuit. Sufficient r.f. cou-
pling between the transmitter and the monitor is 
indicated by a glow in the bulb and by the side-
tone as heard in the headphones. 

CHAPTER 8 

The r.f. field around the antenna system 
may vary in strength as the transmitter is 
switched from one band to another. Usually, 
however, a coupling adjustment made at one 
frequency will suffice for all other frequencies 
as long as the pick-up line is coupled to one side 
of the antenna tuner and not the transmission 
line. 

Break-In Operation 
Break-in operation requires a separate re-

ceiving antenna, since none of the available 
antenna change-over relays is fast enough 
to follow keying. The receiving antenna should 
be installed as far as possible from the trans-
mitting antenna. It should be mounted at right 

To Keyed 
Oulllator 

lc3 

RFC2 RFC3 

C2 

Receiving 
Antenna 

Ant. 

Gnd. 

Receiver 

big. 8-13 — Wiring diagram for smooth break-in opera-
tion. Fite leads shown as heavy lines should be kept as 
short as possible, for minimum pick-up of the trans-
mitter signal. 

C1, Ca, C3 — 0.001 aM. 
RI — Receiver manual gain control. 
lia — 5000- or 10,000-ohm wire-wound potentiometer. 
RFC,, RFC2, RFC3 — 2.5-mh. r.f. choke. 
fly — S.p.d.t. keying relay. 

angles to the transmitting antenna and fed 
with low pick-up lead-in material such as 
coaxial cable or 300-ohm Twin-Lead, to mini-
mize pick-up. 

If a low-powered transmitter is used, it is 
often quite satisfactory to use no special equip-
ment for break-in operation other than the 
separate receiving antenna, since the trans-
mitter will not block the receiver too seriously. 
Even if the transmitter keys without clicks, 
some clicks will be heard when the receiver is 
tuned to the transmitter frequency because of 
overload in the receiver. An output limiter, as 
described in Chapter Five, will wash out these 
clicks and permit good break-in operation even 
on your transmitter frequency. 
When powers above 25 or 50 watts are used, 

special treatment is required for quiet break-in 
on the transmitter frequency. A means should 
be provided for shorting the input of the re-
ceiver when the code characters are sent, and a 
means for reducing the gain of the receiver at 

the saine time is often necessary. The system 
shown in Fig. 8-13 permits quiet break-in 
operation for higher-powered stations. It re-
quires a simple operation on the receiver but 
otherwise is perfectly straightforward. RI is 
the regular receiver r.f. and i.f. gain control. 

The ground lead is lifted on this control 
and run to a rheostat, 112, that goes to 
ground. A wire from the junction runs 

 -1 outside the receiver to the keying relay, 
R„. When the key is up, the ground side 
of RI is connected to ground through the 
relay arm, and the receiver is in its 
normal operating condii ion. When the 
key is closed, the relay closes, which 
breaks the ground connection from RI 
and applies additional bias to the tubes 
in the receiver. This bias is controlled by 

— - R . When the relay closes, it also closes 
the circuit to the transmitter oscillator. 

C2, C3, RFC2 and RFC3 compose a filter to 
suppress the clicks caused by the relay current. 
The keying relay should be mounted on the 

receiver as close to the antenna terminals as 
possible, and the leads shown heavy in the 
diagram should be kept short, since long leads 
will allow too much signal to get through into 
the receiver. A good high-speed keying relay 
should be used. If a two-wire line is used from 
the receiving antenna, another r.f. choke, 
/C.C.', will be required. The revised portion 
of the schematic is shown in Fig. 8-14. 

• A DE LUXE BREAK-IN SYSTEM 
In many instances it is quite difficult to key 

an oscillator without clicks and chirps. Most 
oscillators will key without apparent chirp 
if the rise and decay times are made very short, 
but this introduces key clicks that cannot be 

eletevninag 

RFC, 

C, 

•Ant. 

Ant 

Gnd. 

Rcvr. 

Fig. 8-14 — Necessary circuit revision of Fig. 8-13 if a 
two-wire lead from the receiving antenna is used. 
RFC4 is a 2.5-mh. r.f. choke — other values are the same 
as in Fig. 8-13. 
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ISVAC 

Fig. 8-15 — A de luxe break-in system that holds the 
oscillator circuit closed (and the receiver input shorted) 
(luring a string of fast dots but opens between letters or 
words. 
— 0.001-afd. mira. 

C2 - 0.0047-afd. mica. 
RI — 20,000 ohms, 10 watts, wire-wound. 
112 — 1800 ohms. 
113 — 1500 ohms. 
11g, 116 - 1.0 megohm. 
Hg - 4700 ohms. 
117 — 6.8 megohm. 
Rs — 0.47 megohm. 
112 - 50-ohm center-tapped resistor, 2 watts. 
All resistors 1-watt composition unless otherwise noted. 

RFC1 — 2.5-mh. r.f. choke. 
Ry — High-speed relay, 1400-ohm 18-volt coil (Stevens-

Arnold Type 172 Millisec relay). 

avoided. The system shown in Fig. 8-15 avoids 
this trouble by turning on the oscillator 
quickly, keying an amplifier with a vacuum-
tube keyer, and turning off the oscillator after 
the amplifier keying is finished. The oscillator 
is turned on and off without lag, but the 
resultant clicks are not passed through the 
transmitter. Actually, with keying speeds 
faster than about 15 w.p.m., the oscillator will 
stay turned on for a letter or even a word, but 
it turns off between words and allows the 
transmitting station to hear the " break" signal 
of the other station. It requires one tube more 
than the ordinary vacuum-tube keyer and a 
special high-speed relay. 

As can be seen from Fig. 8-15, the circuit is 
a combination of the break-in system of Fig. 
8-13 and the tube keyer of Fig. 8-11, with a 
6SN7 tube and a few resistors added. Normally 
the left-hand portion of the 6SN7 is biased to a 
low value of plate current by the drop 
through R2 (part of the bleeder RiR2R3) and 
the relay is open. When the key is closed and 
C2 starts to discharge, the right-hand portion 
of the 6SN7 draws current and this in turn puts a 
less-negative voltage on the grid of the left-hand 

portion. The tube draws cur-
rent and the relay closes. The 
relay will stay closed until the 
negative voltage across C2 is 
close to the supply voltage, 
and consequently a string of 
dots or dashes (which doesn't 
give C2 a chance to charge to 
full negative) will keep the re-
lay closed. In adjusting the 
system, R2 controls the 
amount of idling current 
through the relay and Rg de-
termines the voltage across 
the relay. R7, R8 and C2 are 
the normal resistors and con-
denser for the tube keyer. 
When adjusted properly, the 
relay will close without delay 
on the first dot and open 
quickly during the spaces be-
tween words or slower letters. 
When idling, the voltage 
across the relay should be one 
or two volts — with the key 
down it should be 18 volts. 

The oscillator should be designed to key as 
fast as possible, which means that series re-
sistances and shunt capacitances should be 
held to a minimum. Negative plate-lead key-
ing is slightly faster than cathode keying and 
should be used in the oscillator. The keyer 
tubes are connected in the cathode circuit of 
an amplifier stage to avoid reaction on the oscil-
lator. By using blocked-grid keying of the am-
plifier stage, the keyer tubes can be eliminated. 

Full descriptions of allied systems for break-in 
operation can be found in the following QST 
articles: 

Miller and Meichner, "TVG — An Aid to 
Break-In," March, 1953. 

Puckett, " `DeLuxe' Keying Without Relays," 
September, 1953; Part II, Dec., 1953. 

• ELECTRONIC KEYS 
Electronic keys, as contrasted with mechanical 

automatic keys, use vacuum tubes or relays (or 
both) to form automatic dashes as well as auto-
matic dots. Full descriptions of electronic keys 
can be found in the following (287' articles: 

Brann, "In Search of the Ideal Electronic Key," 
Feb., 1951. 

Turrin, " Debugging the Electronic Bug," Jan., 
1950. 

Montgomery, " Corkey' — A Tubeless Auto-
matic Key," November, 1950. 

Bartlett, " Compact Automatic Key Design," 
Dec., 1951. 

Turrin, " The ITur-Key", December, 1952. 
Correction, February, 1953. 

Kaye, "The `tiltimatic' — The Key with a Mem-
ory," February, 1953. Note on suitable relays, 
April, 1953. 

Brann, "A Dot Anticipator for the Electronic 
Key," July, 1953. 



CHAPTER 9 

Speech Amplifiers 
and Modulators 
The audio amplifiers used in radiotelephone 

transmitters operate on the principles outlined 
earlier in this book in the chapter on vacuum 
tubes. The design requirements are determined 
principally by the type of modulation system to 
be used and by the type of microphone to be 
employed. It is necessary to have a clear under-
standing of modulation principles before the 
problem of laying out a speech system can be 
approached successfully. Those principles are 
discussed under appropriate chapter headings. 
The present chapter deals with the design of 

audio amplifier systems for communication pur-
poses. In voice communication the primary 
objective is to obtain the most effective trans-
mission; i.e., to make the message be under-
stood at the receiving point in spite of adverse 
conditions created by noise and interference. 
The methods used to accomplish this do not 
necessarily coincide with the methods used for 

other purposes, such as the reproduction of 
music or other program material. In other words, 
"naturalness" in reproduction is distinctly sec-
ondary to intelligibility. 
The fact that satisfactory intelligibility can be 

maintained in a relatively narrow band of fre-
quencies is particularly fortunate, because the 
width of the channel occupied by a 'phone trans-
mitter is directly proportional to the width of the 
audio-frequency band. If the channel width is 
reduced, more stations can occupy a given band 
of frequencies without mutual interference. 

In speech transmission, amplitude distortion 
of the voice wave has very little effect on intelli-
gibility. Its importance in communication lies 
almost wholly in the fact that many of the audio-
frequency harmonics caused by such distortion 
lie outside the channel needed for intelligible 
speech, and thus will create unnecessary interfer-
ence to other stations. 

Speech Equipment 
In designing speech equipment it is necessary 

to know ( 1) the amount of audio power the 
modulation system must furnish and (2) the out-
put voltage developed by the microphone when 
it is spoken into from normal distance (a few 
inches) with ordinary loudness. It then becomes 
possible to choose the number and type of ampli-
fier stages needed to generate the required audio 
power without overloading or distortion anywhere 
in the system. 

• MICROPHONES 
The level of a microphone is its electrical out-

put for a given sound intensity. Level varies 
greatly with microphones of different types, and 
depends on the distance of the speaker's lips from 
the microphone. Only approximate values based 
on averages of " normal" speaking voices can be 
given. The values given later are based on close 
talking; that is, with the microphone about an 
inch from the speaker's lips. 
The frequency response or fidelity of a micro-

phone is its relative ability to convert sounds of 
different frequencies into alternating current. 
For understandable speech transmission only a 
limited frequency range is necessary, and intelli-
gible speech can be obtained if the output of the 
microphone does not vary more than a few 
decibels at any frequency within a range of about 
200 to 2500 cycles. When the variation expressed 
in terms of decibels is small between two fre-

queney limits, the microphone is said to be flat 
between those limits. 

Carbon Microphones 

The carbon microphone consists of a metal 
diaphragm placed against an insulating cup con-
taining loosely-packed carbon granules (micro-
phone button). Current from a battery flows 
through the granules, the diaphragm being one 
connection and the metal backplate the other. 
Fig. 9-1A shows connections for carbon micro-
phones. A variable resistor is included for adjust-
ing the button current to the value as specified 
with the microphone. The primary of a trans-
former is connected in series with the battery and 
microphone. 
As the diaphragm vibrates, its pressure on the 

granules alternately increases and decreases, 
causing a corresponding increase and decrease of 
current flow through the circuit, since the pressure 
changes the resistance of the mass of granules. 
The resulting change in the current flowing 
through the transformer primary causes an alter-
nating voltage, of corresponding frequency and 
intensity, to be set up in the transformer sec-
ondary. 
Good-quality carbon microphones give outputs 

ranging from 0.1 to 0.3 volt across 50 to 100 ohms; 
that is, across the primary winding of the micro-
phone transformer. With the step-up of the trans-
former, a peak voltage of between 3 and 10 volts 
can be assumed to be available at the grid of the 
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amplifier tube. The usual button current is 50 
to 100 ma. 

Crystal Microphones 

The crystal microphone makes use of the 
piezoelectric properties of Rochelle salts crystals. 
This type of mierophone requires no battery or 
transformer and can be connected directly to the 
grid of an amplifier tube. It is the most popular 
type of microphone among amateurs, for these 
reasons as well as the fact that it has good fre-
quency response and is available in inexpensive 
models. The input circuit for the crystal micro-
phone is shown in Fig. 9-1B. 
Although the level of crystal microphones 

varies with different models, an output of 0.03 
volt or so is representative for communication 
types. The level is affected by the length of the 
cable connecting the microphone to the first 
amplifier stage; the above figure is for lengths of 
6 or 7 feet. The frequency characteristic is unaf-
fected by the cable, but the load resistance 
(amplifier grid resistor) does affect it; the lower 
frequencies are attenuated as the value of load 
resistance is lowered. A grid-resistor value of at 
hast 1 megohm should be used for reasonably 
flat response, 5 megohms being a customary 
figure. 

Velocity and Dynamic Microphones 

In a velocity or "ribbon" microphone, the 
element acted upon by the sound waves is a thin 
corrugated metallic ribbon suspended between 
the poles of a magnet. When vibrating, the ribbon 
cuts the lines of force between the poles, first in 
one direction and then the other, thus generating 
an alternating voltage. 

Velocity microphones are built in two types, 
high impedance and low impedance, the former 
being used in most applications. A high-imped-
ance microphone can be directly connected to 
the grid of an amplifier tube, shunted by a resist-
ance of 0.5 to 5 megohms (Fig. 9-1C). Low-
impedance microphones are used when a long 
connecting cable (75 feet or more) must be em-
ployed. In such a case the output of the micro-
phone is coupled to the first amplifier stage 
through a suitable step-up transformer, as shown 
in Fig. 9-1D. 
The level of the velocity microphone is about 

0.03 to 0.05 volt. This figure applies directly to 
the high-impedance type, and to the low-imped-
ance type when the voltage is measured across 
the secondary of the coupling transformer. 
The dynamic microphone somewhat resembles 

a dynamic loudspeaker. A light-weight voice coil 
is rigidly attached to a diaphragm, the coil being 
suspended between the poles of a permanent 
magnet. Sound causes the diaphragm to vibrate, 
thus moving the coil back and forth between the 
magnet poles and generating an alternating 
voltage. 
The dynamic microphone usually is built with 

high-impedance output, suitable for working 
directly into the grid of an amplifier tube. If the 
connecting cable must be unusually long, a low-

impedance type should be used, with a step-up 
transformer at the end of the cable. 
A small permanent-magnet 'speaker can be 

used as a dynamic microphone, although the 
fidelity is not as good as is obtainable with a 
properly-designed microphone. 

• THE SPEECH AMPLIFIER 
The audio-frequency amplifier stage that 

causes the r.f. carrier output to be varied is called 
the modulator, and all the amplifier stages pre-
ceding it comprise the speech amplifier. Depend-
ing on the modulator used, the speech amplifier 
may be called upon to deliver a power output 
ranging from practically zero (only voltage re-
quired) to 20 or 30 watts. 

flic Gain Control 
irons. o.s Nee 

• 

4.5 tO 6V 4 0 0.I2 

(A) S B CARBON 

Fig. 9-1 — Speech 
input circuits used 
with various types of 
.•rophones. 

(B) CRYSTAL 

• 

(C) HI -Z VELOCITY 

Line-to-
line bans. fria' trans. 

(D) LO- Z VELOCITY 

Before starting the design of a speech amplifier, 
therefore, it is necessary to have selected a suita-
ble modulator for the transmitter. This selection 
must be based on the power required to modulate 
the transmitter, and this power in turn depends 
on the type of modulation system selected, as 
described in other chapters. With the modulator 
picked out, its driving-power requirements (audio 
power required to excite the modulator to full 
output) can be determined from the tube tables 
in the last chapter. Generally speaking, it is ad-
visable to choose a tube or tubes for the last stage 
of the speech amplifier that will be capable of 
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Following stage 

input 

(B) +a 

Fie 9-2— Resistance-coupled voltage-amplifier cir-
cuits. A, pentode; B, triode. Designations are as follows; 
C; — Cathode by-pass condenser. 
— Plate by-pass condenser. 

C3 — Output coupling condenser (blocking condenser). 
C4 — Screen by-pass condenser. 
Ri — Cathode resistor. 
112 — Grid resistor. 
— Plate resistor. 

H4 — Next-stage grid resistor. 
HS — Plate decoupling resistor. 
— Screen resistor. 

Values for suitable tubes are given in Table 9-1. Values 
in the decounling circuit, (Wis., are not critical. Rs may 
be about 10% of RS: an 8- or 10-gfd. electrolytic con-
denser is usually large enough at G. 

developing at least 50 per cent more power than 
the rated driving power of the modulator. This 
will provide a factor of safety so that losses in 
coupling transformers, etc., will not upset the 
calculations. 

Voltage Amplifiers 

If the last stage in the speech amplifier is a 
Class AB2 or Class B amplifier, the stage ahead 
of it must be capable of sufficient power output 
to drive it. However, if the last stage is a Class 
AB' or Class A amplifier the preceding stage can 
be simply a voltage amplifier. From there on back 
to the microphone, all stages are voltage ampli-
fiers. 
The important characteristics of a voltage 

amplifier are its voltage gain, maximum undis-
torted output voltage, and its frequency response. 
The voltage gain is the voltage-amplification 
ratio of the stage. The output voltage is the 
maximum a.f. voltage that can be secured from 
the stage without distortion. The amplifier fre-
quency response should be adequate for voice 
reproduction; this requirement is easily satisfied. 
The voltage gain and maximum undistorted 

output voltage depend on the operating condi-
tions of the amplifier. Data on the popular types 
of tubes used in speech amplifiers are given in 
Table 9-I, for resistance-coupled amplification. 

The output voltage is in terms of peak voltage 
rather than r.m.s.; this makes the rating inde-
pendent of the waveform. Exceeding the peak 
value causes the amplifier to distort, so it is more 
useful to consider only peak values in working 
with amplifiers. 

Resistance Coupling 

Resistance coupling generally is used in volt-
age-amplifier stages. It is relatively inexpensive, 
good frequency response can be secured, and there 
is little danger of hum pick-up from stray mag-
netic fields associated with heater wiring. It is the 
only type of coupling suitable for the output cir-
cuits of pentodes and high-ti triodes, because 
with transformers a sufficiently high load imped-
ance cannot be obtained without considerable 
frequency distortion. Typical circuits are given 
in Fig. 9-2 and design data in Table 9-I. 

Transformer Coupling 

Transformer coupling hut \vi.en stages ordi-
narily is used only when power is to be trans-
ferred (in such a case resistance coupling is very 
inefficient), or when it is necessary to couple be-
tween a single-ended and a push-pull stage. 
Triodes having an amplification factor of 20 or 
less are used in transformer-coupled voltage 
amplifiers. With transformer coupling, tubes 
should be operated under the Class A conditions 
given in the tube tables at the end of this book. 

Representative circuits for coupling single-
ended to push-pull stages are shown in Fig. 9-3. 
The circuit at A combines resistance and trans-
former coupling, and may be used for exciting the 

(A) 

+6 
(3) 

Fig. 9-3 — Transformer-coupled amplifier circuits for 
driving a push-pull amplifier. A is for resistance-trans-
former coupling; 11 for transformer coupling. De.igna-
tions correspond to those in Fig. 9-2. In A, values can 
he taken from Table 9-1. In B, the cathode resistor is 
calculated from the rated plate current and grid bias 
as given in the tube tables for the particular type of 
tube used. 
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TABLE 9-I- RESISTANCE-COUPLED VOLTAGE-AMPLIFIER DATA 

Data are given for a plate supply of 300 volts. Departures of as much as 50 per cent from this supply voltage will not materially 
change the operating conditions or the voltage gain, but the output voltage will be in proportion to the new voltage. Voltage gain is 
measured at 400 cycles; condenser values given are based on 100-cycle cut-off. For increased low-frequency response, all condensers 
may be made larger than specified (cut-off frequency in inverse proportion to condenser values provided all are changed in the 
same proportion). A variation of 10 per cent in the values given has negligible effect on the performance. 

Plate 
Resistor 
Megohms 

Next-Stage 
Grid 

Resistor 
Megohms 

Screen 
Resistor 
Megohms 

Cathode 
Resistor 
Ohms 

Screen 
By-pass 
aid. 

Cathode 
By-pass 
mid. 

Blocking 
Condenser 

Ad. 

Output 
Volts 
(P•aky 

Voile,* 
Gain , 

0.1 0.35 500 0.10 11.6 0.019 72 67 
0.1 0.25 0.37 530 0.09 10.9 0.016 96 98 

0.5 0.47 590 0.09 9.9 0.007 101 104 
0.25 0.89 850 0.07 8.5 0.011 79 139 

65.17,12517 0.25 0.5 1.10 860 0.06 7.4 0.004 88 167 
1.0 1.18 910 0.06 6.9 0.003 98 185 
0.5 2.0 1 300 0.06 6.0 0.004 64 200 

0.5 1.0 2.2 1410 0.05 5.8 0.002 79 238 
2.0 2.5 1530 0.04 5.2 0.0015 89 263 
0.1 0.44 500 0.07 8.5 0.02 55 61 

0.1 0.25 0.5 450 0.07 8.3 0.01 81 82 
0.5 0.53 600 0.06 8.0 0.006 96 94 

617, 7C7, 
1217-GT 0.25 

0.25 
0.5 
1.0 

1.18 
1.18 
L45 

1100 
1200 
1300 

0.04 
0.04 
0.05 

5.5 
5.4 
5.8 

0.008 
0.005 
0.005 

81 
104 
110 

104 
140 
185 

0.5 2.45 1700 0.04 4.2 0.005 75 161 
0.5 1.0 2.9 2200 0.04 4.1 0.003 97 200 

2.0 2.95 2300 0.04 4.0 0.0025 100 230 
0.1 0.2 500 0.13 18.0 0.019 76 109 

0.1 0.22 0.24 600 0.11 16.4 0.011 103 145 
0.47 0.26 700 Oi 1 15.3 0.006 129 168 

6AU6, 651-17, 
12AU6, 1251-17 0.22 

0.22 
0.47 
1.0 

0.42 
0.5 
0.55 

1000 
1000 
1100 

0.1 
0.098 
0.09 

12.4 
12.0 
11.0 

0.009 
0.007 
0.003 

92 
108 
122 

164 
230 
262 

0.47 1.0 1800 0.075 8.0 0.0045 94 248 
0.47 1.0 1.1 1900 0.065 7.6 0.0028 105 318 

2.2 1.2 2100 0.06 7.3 0.0018 122 371 
01 - 1500 - 4.4 0.027 40 34 

6A06, 6A07, 
6AT6, 607, 

0.1 0.22 
0.47 

- 
- 

1800 
2100 

- 
- 

3.6 
3.0 

0.014 
0.0065 

54 
63 

38 
41 

6SL7GT, 65Z7, 
618, 12A16, 
1207-GT, 
12SL7-GI 

0.22 
0.22 
0.47 
1.0 

- 
- 
- 
- 

2600 
3200 
3700 

- 
- 
- 

2.5 
1.9 
1.6 

0.013 
0.0065 
0.0035 

51 
65 
77 

42 
46 
48 

0.47 5200 - 1.2 0.006 61 48 (one triode) 0.47 1.0 - 6300 - 1.0 0.0035 74 50 
2.2 - 7200 - 0.9 0.002 85 51 
0.1 - 1300 - 4.6 0.027 43 45 

0.1 0.22 - 1500 - 4.0 0.013 57 52 
0.47 - 1700 - 3.6 0.006 66 57 

6AV6, 12AV6, 
12AX7 0.22 

0.22 
0.47 

- 
- 

2200 
2800 

- 
- 

3.0 
2.3 

0.013 
0.006 

54 
69 

59 
65 

(one triode) 1.0 - 3100 - 2.1 0.003 79 68 
0.47 - 4300 - 1.6 0.006 62 69 

0.47 1.0 - 5200 - 1.3 0.003 77 73 
2.2 - 5900 - 1.1 0.002 92 75 
0.1 - 750 - - 0.033 35 29 

0.1 0.25 - 930 - - 0.014 50 34 
0.5 - 1040 - - 0.007 54 36 

6SC7, 12SC7 , 
(one triode) 0.25 

0.25 
0.5 
LO 

- 
- 
- 

1400 
1680 
1840 

- 
- 
- 

- 
- 
- 

0.012 
0.006 
0.003 

45 
55 
64 

39 
42 
45 

0.5 - 2330 - - 0.006 50 45 
0.5 1.0 - 2980 - - 0.003 62 48 

2.0 - 3280 - - 0.002 72 49 
0.05 - 1020 - 3.56 0.06 41 13 

0.05 0.1 - 1270 - 2.96 0.034 51 14 
6J5, 7A4, 0.25 - 1500 - 2.15 0.012 60 14 

7N7, 6SN7GT, 0.1 - 1900 - 2.31 0.035 43 14 
12J5-GT, 0.1 0.25 - 2440 - 1.42 0.0125 56 14 
125N7-GT 0.5 2700 - 1.2 0.0065 64 14 
(one triode) 0.25 4590 - 0.87 0.013 46 14 

0.25 0.5 - 5770 - 0.64 0.0075 57 14 
1.0 - 6950 - 0.54 0.004 64 14 
0.047 - 870 - 4.1 0.065 38 12 

0.047 0.1 - 1200 - 3.0 0.034 52 12 
0.22 - 1500 - 2.4 0.016 68 12 

6C4, 0.1 - 1900 - 1.9 0.032 44 12 
12AU7 0.1 0.22 - 3000 - 1.3 0.016 68 12 

(one triode) 0.47 - 4000 - 1.1 0.007 80 12 
0.22 - 5300 - 0.9 0.015 57 12 

0.22 0.47 - 800 - 0.52 0.007 82 12 
1.0 - 11000 - 0.46 0.0035 92 12 

Voltage across next-stage grid resistor at grid-current point. 
At 5 volts r.m.s. output. 
Cathode-resistor values are for phase-Inverter service. 
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grids of a Class A or AB' following stage. The 
resistance coupling is used to keep the d.c. plate 
current from flowing through the transformer 
primary, thereby preventing a reduction in pri-
mary inductance below its no-current value; this 
improves the low-frequency response. With low-it 
triodes (6C5, 6J5, etc.), the gain is equal to that 
with resistance coupling multiplied by the sec-
ondary-to-primary turns ratio of the transformer. 

In B the transformer primary is in series with 
the plate of the tube, and thus must carry the 
tube plate current. When the following amplifier 
operates without grid current, the voltage gain 
of the stage is practically equal to the µ of the 
tube multiplied by the transformer ratio. This 
circuit also is suitable for transferring power 
(within the capabilities of the tube) to a following 
Class AB2 or Class B stage. 

Phase Inversion 

Push-pull output may be secured with resist-
ance coupling by using " phase-inverter" or 
"phase-splitter" circuits as shown in Fig. 9-4. 
The circuits shown in Fig. 9-4 are of the " self-

balancing" type. In A, the amplified voltage 

IA) 

(B) 

Fig. 94 — Self-balancing phase-inverter circuit, 1 I 
and l'2 may be a double triode such as the 65N7GT or 
6S1.7GT. V3 may be any of the triodes listed in 'l'able 
9-1, or one section of a double triode. 
Ri — Grid resistor (1 megohm or less). 
R2 — Cathode resistor; use one-half value given in 

Table 9-1 for tube and operating conditions 
chosen. 

R3, R4 — Plate resistor; select from Table 9-1. 
115, RO Following-stage grid resistor (0.22 to 0.47 

megohm). 
R7 — 0.22 megohm. 
112 — Cathode resistor; select from Table 9-1. 
R9, RIO — Each one-half of plate load resistor given in 

Table 9-1. 
Ci — 10-pfd. electrolytic. 
Ca, Ca — 0.01- to 0.1-pfd. paper. 

from V1 appears across R5 and 27 in series. The 
drop across R7 is applied to the grid of V2, and 
the amplified voltage from V2 appears across R4 
and 117 in series. This voltage is 180 degrees out 
of phase with the voltage from VI, thus giving 
push-pull output. The part that appears across 
R7 from V2 opposes the voltage from VI across 
R7, thus reducing the signal applied to the grid 
of Va. The negative feed-back so obtained tends 
to regulate the voltage applied to the phase-
inverter tube so that the output voltages from 
both tubes are substantially equal. The gain is 
slightly less than twice the gain of a single-tube 
amplifier using the same operating conditions. 

In the single-tube circuit shown in Fig. 9-4B 
the plate load resistor is divided into two equal 
parts, 119 and Rio, one being connected to the 
plate in the normal way and the other between 
cathode and ground. Since the voltages at the 
plate and cathode are 180 degrees out of phase, 
the grids of the following tubes are fed equal :U. 
voltages in push-pull. The grid return of V3 is 
made to the junction of 118 and Rie so normal 
bias will be applied to the grid. This circuit is 
highly degenerative because of the way Rio is con-
nected. The voltage gain is less than 2 even when 
a high-µ triode is used at Va. 

Gain Control 

A means for varying the over-all gain of the 
amplifier is necessary for keeping the final output 
at the proper level for modulating the transmitter. 
The common method of gain control is to adjust 
the value of a.c. voltage applied to the grid of one 
of the amplifiers by means of a voltage divider or 
potentiometer. 
The gain-control potentiometer should be near 

the input end of the amplifier, at a point where 
the signal voltage level is so low there is no danger 
that the stages ahead of the gain control will be 
overloaded by the full microphone output. With 
carbon microphones the gain control may be 
placed directly across the microphone-trans-
former secondary. With other types of micro-
phones, however, the gain control usually will 
affect the frequency response of the microphone 
when connected directly across it. Also, in a 
high-gain amplifier it is better to operate the 
first tube at maximum gain, since this gives the 
best signal-to-hum ratio. The control therefore is 
usually placed in the grid circuit of the second 
stage. 

• DESIGNING THE SPEECH 
AMPLIFIER 

The steps in designing a speech amplifier are 
as follows: 

1) Determine the power needed to modulate 
the transmitter and select the modulator. In the 
case of plate modulation, a Class B amplifier may 
be required. Select a suitable tube type and de-
termine from the tube tables at the end of this 
book the grid driving power required, if ally. 

2) As a safety factor, multiply the required 
driver power by at least 1.5. 
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3) Select a tube, or pair of tubes, that will 

deliver the power determined in the second step. 
This is the last or output stage of the speech-
amplifier. Receiver-type power tubes can be used 
(beam tubes such as the 6L6 may be needed in 
some cases) as determined from the receiving-tube 
tables. If the speech amplifier is to drive a Class 
B modulator, use a Class A or AB] amplifier, in 
preference to Class AB2, if it will give enough 
power output. 

4) If the speech-amplifier output stage must 
operate Class AB2, use a medium-ti triode (such 
as the 6.15 or corresponding types) to drive it. In 
the extreme case of driving 6L6s to maximum 
output, two triodes should be used in push-pull 
in the driver. In either case transformer coupling 
will have to be used, and transformer manufac-
turers' catalogs should be consulted for a suitable 
type. 

5) If the speech-amplifier output stage oper-
ates Class A or AB', it may be driven by a voltage 
amplifier. If the output stage is push-pull, the 
driver may be a single tube coupled through a 
transformer with a balanced secondary, or may 
be a dual-trio(Ie phase inverter. Determine the 
signal voltage required for full output from the 
last stage. If the last stage is a single-tube Class A 
amplifier, the peak signal is equal to the grid-bias 
voltage; if push-pull Class A, the peak signal 
voltage is equal to twice the grid bias; if Class 
ABI, twice the bias voltage when fixed bias is 
used; if cathode bias is used, twice the bias fig-
ured from the cathode resistance and the no-signal 
plate current. 

6) From Table 9-I, select a tube capable of 
giving the required output voltage and note its 
rated voltage gain. A double-triode phase inverter 
(Fig. 9-4A) will have approximately twice the 
output voltage and twice the gain of one triode 
operating as an ordinary amplifier. If the driver 
is to be transformer-coupled to the last stage, 
select a medium-g triode and calculate the gain 
and output voltage as described earlier in this 
chapter. 

7) Divide the voltage required to drive the 
output stage by the gain of the preceding stage. 
This gives the peak voltage required at the 
grid of the next-to-the-last stage. 

8) Find the output voltage, under ordinary 
conditions, of the microphone to be used. This 
information should be obtained from the manu-
facturer's catalog. If not available, the figures 
given in the section on microphones in this 
chapter will serve. 

9) Divide the voltage found in (7) by the out-
put voltage of the microphone. The result is the 
over-all gain required from the microphone to the 
grid of the next-to-the-last stage. To be on the 
safe side, double or triple this figure. 

10) From Table 9-I, select a combination of 
tubes whose gains, when multiplied together, give 
approximately the figure arrived at in (9). These 
amplifiers will be used in cascade. If high gain is 
required, a pentode may be used for the first 
speech-amplifier stage, but it is not advisable to 
use a second pentode because of the possibility 

of feed-back and self-oscillation. In most cases a 
triode will give enough gain, as a second stage, 
to make up the total gain required. If not, a 
medium-et triode, may be used as a third stage. 
A high-et double triode with the sections in 

cascade makes a good low-level amplifier, and 
will give somewhat greater gain than a pentode 
— medium-et triode combination. With resist-
ance-coupled input to the first section the cath-
ode of that section may be grounded, which is 
helpful in reducing hum. 

• SPEECH-AMPLIFIER CONSTRUCTION 
Once a suitable circuit has been selected for 

a speech amplifier, the construction problem 
resolves itself into avoiding two difficulties — 
excessive hum, and unwanted feed-back. For 
reasonably humless operation, the hum voltage 
should not exceed about 1 per cent of the maxi-
mum audio output voltage — that is, the hum 
should be at least 40 db. below the output level. 
Unwanted feed-back, if negative, will reduce 

the gain below the calculated value; if positive, is 
likely to cause self-oscillation or " howls." Feed-
back can be minimized by isolating each stage 
with " decoupling" resistors and condensers, by 
avoiding layouts that bring the first and last 
stages near each other, and by shielding of " hot" 
points in the circuit, such as grid leads in low-
level stages. 

Speech-amplifier equipment, especially voltage 
amplifiers, should be constructed on steel chassis, 
with all wiring kept below the chassis to take ad-
vantage of the shielding afforded. Exposed leads, 
particularly to the grids of low-level high-gain 
tubes, are likely to pick up hum from the electric 
field that usually exists in the vicinity of house 
wiring. Even with the chassis, additional shield-
ing of the input circuit of the first tube in a high-
gain amplifier usually is necessary. In addition. 
such circuits should be separated as much as 
possible from power-supply transformers and 
chokes and also from any audio transformers that 
operate at fairly-high power levels; this will mini-
mize magnetic coupling to the grid circuit and 
thus reduce hum or audio-frequency feed-back. 
It is always safe, although not absolutely neces-
sary, to separate the speech amplifier and its 
power supply, building them on separate chassis. 

If a low-level microphone such as the crystal 
type is used, the microphone, its connecting cable, 
and the plug or connector by which it is attached 
to the speech amplifier, all should be shielded. The 
microphone and cable usually are constructed 
with suitable shielding; this should be connected 
to the speech-amplifier chassis, and it is advisable 
— as well as usually necessary — to connect the 
chassis to a ground such as a water pipe. With 
the top-cap tubes, complete shielding of the grid 
lead and grid cap is a necessity. 

Heater wiring should be kept as far as possible 
from grid leads, and either the center-tap or one 
side of the heater-transformer secondary winding 
should be connected to the chassis, If the center-
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tap is grounded, the heater leads to each tube 
should be twisted together to reduce the magnetic 
field from the heater current. With either type of 
connection, it is advisable to lay heater leads in 
the corner formed by a fold in the chassis, bring-
ing them out from the corner to the tube socket 
by the shortest possible path. 
When metal tubes are used, always ground the 

shell connection to the chassis. Glass tubes used 
in the low-level stages of high-gain amplifiers 
must be shielded; tube shields are obtainable for 
that purpose. It is a good plan to enclose the en-
tire amplifier in a metal box, or at least provide it 
with a cane-metal cover, to avoid feed-back diffi-
culties caused by the r.f. field of the transmitter. 
R.f. picked up on exposed wiring, leads or tube 
elements causes overloading, distortion, and 
self-oscillation of the amplifier. 
When using paper condensers as by-passes, be 

sure that the terminal marked " outside foil" is 
connected to ground. This utilizes the outside foil 
of the condenser as a shield around the " hot" 
foil. When paper condensers are used for coupling 
between stages, always connect the outside-foil 
terminal to the side of the circuit having the 
lowest impedance to ground. Usually, this will 
be the plate side rather than the following-grid 
side. 

• INCREASING THE EFFECTIVENESS 

OF THE PHONE TRANSMITTER 

The effectiveness of an amateur 'phone trans-
mitter can be increased to a remarkable extent by 
taking advantage of speech characteristics. Meas-
ures that may be taken to make the modulation 
more effective include band compression (filter-
ing), volume compression, and speech clipping. 

Compressing the Frequency Band 

Most of the intelligibility in speech is con-
tained in the medium band of frequencies; that is, 
between about 500 and 2500 cycles. On the other 
hand, the major portion of speech power is 
normally concentrated below 500 cycles. It is 
these low frequencies that modulate the trans-
mitt,er most heavily. If they are eliminated, the 
frequencies that carry most of the actual com-
munication can be increased in amplitude with-
out exceeding 100-per-cent modulation, and the 
effectiveness of the transmitter is correspondingly 
increased. 
One simple way to reduce low-frequency re-

sponse is to use small values of coupling capaci-
tance between resistance-coupled stages, as shown 
in Fig. 9-5A. A time constant of 0.0005 second for 
the coupling condenser and following-stage grid 
resistor will have little effect on the amplification 
at 500 cycles, but will practically halve it at 100 
cycles. In two cascaded stages the gain will be 
down about 5 db. at 200 cycles and 10 db. at 100 
cycles. When the grid resistor is 32 megohm a 
coupling condenser of 0.001 pfd. will give the 
required time constant. 
The high-frequency response can be reduced 

by using " tone control" methods, utilizing a con-

(A) 

Fig. 9-5 — A, use of a small coupling condenser to 
reduce low-frequency response; B, tone-control circuits 
for reducing high-frequency response. Values for C and 
R are discussed in the text; 0.01 ghl. and 25,000 ohms 
are typical. 

denser in series with a variable resistor connected 
across an audio impedance at some point in the 
speech amplifier. The best spot for the tone con-
trol is across the primary of the output trans-
former of the speech amplifier, as in Fig. 9-5B. 
The condenser should have a reactance at 1000 
cycles about equal to the load resistance required 
by the amplifier tube or tubes, while the variable 
resistor in series may have a value equal to four 
or five times the load resistance. The control can 
be adjusted while listening to the amplifier, the 
object being to cut the high-frequency response 
as much as possible without unduly sacrificing 
intelligibility. 

Restricting the frequency response not only 
puts more modulation power in the optimum fre-
quency band but also reduces hum, because the 
low-frequency response is reduced, and helps re-
duce the width of the channel occupied by the 
transmission, because of the reduction in the 
amplitude of the high audio frequencies. 

Volume Compression 

Although it is obviously desirable to modulate 
the transmitter as completely as possible, it is 
difficult to maintain constant voice intensity 
when speaking into the microphone. To overcome 
this variable output level, it is possible to use 
automatic gain control that follows the average 
(not instantaneous) variations in speech ampli-
tude. This can be done by rectifying and filtering 
some of the audio output and applying the recti-
fied and filtered d.c. to a control electrode in an 
early stage in the amplifier 
A practical circuit for this purpose is shown 

in Fig. 9-6. The rectifier must be connected, 
through the transformer, to a tube capable of 
delivering some power output (a small part of 
the output of the power stage may be used) or 
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else a separate power amplifier for the rectifier 
circuit alone may have its grid connected in 
parallel with that of the last voltage amplifier. 

Resistor R4, in series with R5 across the plate 
supply, provides an adjustable positive bias on 
the rectifier cathodes. This prevents the limiting 
action from beginning until a desired microphone 
input level is reached. R2, R3, C2, C3 and C4 filter 
the audio frequencies from the rectified output. 
The output of the rectifier may be connected to 
the suppressor grid of a pentode first stage of the 
speech amplifier. 
A transformer with a turns ratio such as to 

give about 50 volts when its primary is connected 
to the output circuit of the power stage should 
be used. If a transformer having a center-tapped 
secondary is not available, a half-wave rectifier 
may be used instead of the full-wave circuit 
shown, but it will be harder to get satisfactory 
filtering. 
The over-all gain of the system must be high 

enough so that full output can be secured at a 
moderately low voice level. 

Speech Clipping and Filtering 

In speech waveforms the average power con-
tent is considerably less than in a sine wave of 
the same peak amplitude. Since modulation per-
centage is based on peak values, the modulation 
or sideband power in a transmitter modulated 
100 per cent by an ordinary voice waveform will 
be considerably less than the sideband power in 
the same transmitter modulated 100 per cent by 
a sine wave. In Fig. 9-7 the upper drawing, A, 
represents a sine wave having a maximum ampli-
tude that just modulates a given transmitter 100 
per cent. The speech wave at B also represents 
100-per-cent modulation. 

If the amplitude of the wave shown at B is 
increased so that its power is comparable with or 
higher than the power in a sine wave, but with 
everything above 100-per-cent modulation cut 
off, it will appear as shown at C. This signal will 
not modulate the transmitter more than 100 per 
cent, but the voice power is several times greater 
than B. The wave is not exactly like the one at 
B, so the result will not sound exactly like the 
original. However, " clipping" of this type can be 
used to secure a worth-while increase in modula-
tion power without sacrificing intelligibility. Once 
the system is properly adjusted it will be impos-

Fig. 9-6— Speech-amplifier output-limiting circuit. 
CI, C2, C3, C4 — 0.1-rifd.; R1, Ro, R3 — 0.22 megohm; 
R4 25.000.41hIn pot.; R3 — 0.1 rnegohm; T — see 
text. 

loo5, 

g00% 

Fig. 9-7— The normal speech wave (B) has high peaks 
hut low average energy content. When the peaks are 
clipped the signal may be increased to a considerably-
higher power level without causing overmodulation ( CL 
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(A) 

(B) 

(c) 

sible lo overmodulate the transmitter because the 
maximum output amplitude is held to the same 
value no matter what the amplitude of the signal 
applied. 
By itself, clipping generates the same high-

order harmonics that overmodulation does, and 
a signal modulated by the clipped waveform 
shown in Fig. 9-7 would " splatter". To prevent 
this, the audio frequencies above those needed for 
intelligible speech must be filtered out, after clip-
ping and before modulation. The filter required 
for this purpose should have relatively little at-
tenuation at frequencies below about 2500 cycles, 
but high attenuation for all frequencies above 
3000 cycles. 

It is possible to use as much as 25 db. of clip-
ping before intelligibility suffers; that is, if the 
original peak amplitude is 10 volts, the signal can 
be clipped to such an extent that the resulting 
maximum amplitude is less than one volt. If the 
original 10-volt signal represented the amplitude 
that caused 100-per-cent modulation on peaks, 
the clipped and filtered signal can then be ampli-
fied up to the same 10-volt peak level for modu-
lating the transmitter, with a very considerable 
increase in modulation power. 
There is a loss in naturalness with " deep" clip-

ping, even though the voice is highly intelligible. 
With moderate clipping levels (6 to 12 db.) there 
is almost no perceptible change in " quality" but 
the voice power is four to sixteen times as great 
as in ordinary modulation. 

Before drastic clipping can be used, the speech 
signal must be amplified several times more than 
is necessary for normal modulation. Also, the 
hum and noise must be much lower than the 
tolerable level in ordinary amplification, because 
the noise in the output of the amplifier increases 
in proportion to the gain. 
One type of clipper-filter system is shown in 

block form in Fig. 9-8. The clipper is a peak-
limiting rectifier of the same general type that is 
used in receiver noise limiters. It must clip both 
positive and negative peaks. The gain or clipping 
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Fig. 9.8 — Block diagram of speech-clipping and filter-
ing amplifier. 

contrcil sets the amplitude at which clipping 
starts. Following the low-pass filter for elimi-
nating the harmonic distortion frequencies is a 
second gain control, the " level" or modulation 
control. This control is set initially so that the 
amplitude-limited output of the clipper-filter 
cannot modulate the transmitter more than 100 
per cent. 

It should he noted that the peak amplitude 
of the audio waveform actually applied to the 
modulated stage in the transmitter is not neces-
sarily held at the same relative level as the peak 
amplitude of the signal coming out of the clipper 
stage. When the clipped signal goes through the 
filter, the relative phases of the various fre-
quency components that pass through the filter 
are shifted, particularly those components near 
the cut-off frequency. This may cause the peak 
amplitude out of the filter to exceed the peak 
amplitude of the clipped signal applied to the 
filter input terminals. Similar phase shifts can 
occur in amplifiers following the filter, especially 
if these amplifiers, including the modulator, do 
not have good low-frequency response. With 
poor low-frequency response the more-or-less 
"square" waves resulting from clipping tend to 
be changed into triangular waves having higher 
peak amplitude. Best practice is to cut the low-
frequency response before clipping and to make 
all amplifiers following the clipper-filter as flat 
and distortion-free as possible. 
The best way to set the modulation control 

in such a system is to check the actual modulation 
percentage with an oscilloscope connected as de-
scribed in the chapter on modulation. With the 
gain control set to give a desired clipping level 
with normal voice intensity at the microphone, 
the level control should be adjusted so that the 
maximum modulation does not exceed 100 per 
cent no matter how much sound is applied to 
the microphone. 

Practical circuits for clipping and filtering are 
illustrated in a speech amplifier described in 
this chapter. 

High-Level Clipping and Filtering 

Clipping and filtering also can be done at high 
level — that is, at the point where the modulation 
is applied to the r.f. amplifier — instead of in the 
low-level stages of the speech amplifier. In one 
rather simple but effective arrangement of this 
type the clipping takes place in the Class-B 
modulator itself. This is accomplished by care-
fully adjusting the plate-to-plate load resistance 
for the modulator tubes so that they saturate or 
clip peaks at the amplitude level that represents 

100 per cent modulation. The load adjustment 
can be made by choice of output transformer 
ratio or by adjusting the plate-voltage/plate-
current ratio of the modulated r.f. amplifier. It is 
best done by examining the output waveform 
with an oscilloscope. 
The filter for such a system consists of a choke 

and condensers as shown in Fig. 9-9. The values of 
L and C should be chosen to form a low-pass 
filter section having a cut-off frequency of about 
2500 cycles, using the modulating impedance of 
the r.f. amplifier as the load resistance. For this 
cut-off frequency the formulas are 

1? 
= 

63.6 
= C2 = 

Where R is in ohms, Li in henrys, and C1 and 
C2 in microfarads. For example, with a plate 
modulated amplifier operating at 1500 volts and 
200 ma. (modulating impedance 7500 ohms) L 
would be 7500/78,50 = 0.96 henry and C1 or C2 

To 
Plate of 
Modulated 
Amplif i.e 

Fig. 9-9 — Splatter-suppress'on filter for use at high 
level, shown here connected between a Class B modu-
lator and plate-modulated r.f. amplifier. Values for LI, 
CI and C2 are determined as described in the text. 

would be 63.6/7500 = 0.0085 afd. By-pass con-
densers in the plate circuit of the r.f. amplifier 
should be included in C2. Voltage ratings for Ci 
and C2 when connected as shown must be the same 
as for the plate blocking condenser — i.e., at least 
twice the d.c. voltage applied to the plate of the 
modulated amplifier. L and C values can vary 10 
per cent or so without seriously affecting the op-
eration of the filter. 

Besides simplicity, the high-level system has 
the advantage that high-frequency components 
of the audio signal fed to the modulator grids, 
whether present legitimately or as a result of 
amplitude distortion in lower-level stages, are 
suppressed along with the distortion components 
that arise in clipping. Also, the undesirable effects 
of poor low-frequency response following clipping 
and filtering, mentioned in the preceding section, 
are avoided. Phase shifts can still occur in the 
high-level filter, however, so adjustments prefer-
ably should be made by using an oscilloscope to 
check the actual modulation percentage under 
all conditions of speech intensity. (For further 
discussion see Bruene, " High-Level Clipping and 
Filtering", QST, November, 1951.) 
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A Clipper-Filter Speech Amplifier-Driver 

The speech amplifier shown in Figs. 9-10 to 
9-11, inclusive, uses push-pull triodes to obtain 
a power output of 13 watts with negligible dis-
tortion — sufficient to drive most of the com-
monly-used Class-B modulator tubes. It includes 
a clipper-filter for increasing the effectiveness of 
modulation and for confining the channel width 
to frequencies needed for intelligible speech. The 
over-all gain is ample for use with communica-
tions-type crystal microphones when using clip-
ping of the order of 12-15 db. Miniature tubes are 
used in the voltage-amplifier stages. 'l'in  output 
tubes are 6B4Gs, operated Class A131 with fixed 
bias. Two power supplies are included, one for 
the voltage amplifier stages and the other for the 
output tube plates. 

As shown in Fig. 9-11, the first two stages are 
voltage amplifiers of ordinary design, using a 
6AU6 pentode in the first stage and a 6C4 triode 
in the second. The output of the second stage 
can be switched either to the 12AU7 double-
triode clipper or to the 6C4 voltage amplifier that 
drives the 6B4G grids. In the latter case the am-
plifier operation is conventional. The clipper, 
when operative, provides additional voltage gain 
as well as clipping. Its output goes through a 
simple low-pass filter (LenC12) so that harmon-
ics generated by clipping will be attenuated 
before the signal reaches the grid of the second 
6C4. The frequency response of the amplifier with 
the filter in circuit, but with the signal below the 
clipping level, drops at the rate of roughly 6 db. 
per octave below 500 cycles; above 4000 cycles 
the response is down 25 db. compared with the 
medium audio range. 
A two-section filter is used in the plate supply 

for the voltage-amplifier stages. The hum level 
must be kept low because of the high gain re-
quired when using clipping. A single-section filter 
is sufficient for the output stage. Bias for the 
6B4G grids is obtained from the low-voltage 
supply by means of Rie, by-passed by C14. 
Two gain controls are included, one (26) for 

sei ing the level into the clipper ci nuit and thus 
determining the amount of clipping, and the 

Fig. 9-10 — This speeeh.amplifier and driver 
has ample gain for a er> st al microphone and 
is e plete with power supply. 'I'he meas-
ured undistorted output is 13 watts. It in-
eurporates a clipper-filter stem for inereas. 
mg  halation effectiveness and decreasing 
channel width. 

• 

second (1113) for setting the output level after 
clipping. With the clipper in use, proper setting 
of R13 will keep the modulation level high but 
will prevent overmodulation. 

Construction 

As shown in Fig. 9-10, the voltage amplifiers 
occupy the left front section of the chassis. The 
6AU6 first amplifier is at the left, followed in 
order to the right by the first 6C4, the 12AU7, 
and the second 6C4. The 6B4Gs and their output 
transformer are at the right front. The cylindrical 
unit just behind the second 6C4 is the interstage 
audio transformer, 7'1. 

Power supply components are grouped along 
the rear edge of the chassis, with the low-voltage 
supply at the left. The power transformers should 
be kept well separated from the voltage ampli-
fiers, particularly the first two stages, in order 
to minimize hum difficulties. 
On the front panel, the microphone input con-

nector is at the lower left. Next to it is the 
clipping control, then the clipper in-out switch, 
and then the modulation control. The two toggle 
switches at the right are 82 and S3. The a.c. input 
socket is by-passed by C13 and Cis, to reduce the 
possibility that r.f. picked up on the line cord will 
get into the low-level speech stages. 
The wiring underneath the chassis is relatively 

simple, as shown by Fig. 9-12. The microphone 
input circuit, including RFC' and C1, is enclosed 
in a National jack shield, and the lead from RFC1 
to the 6AU6 grid also is shielded. 

Adjusting the Clipper-Filter Amplifier 

The good effect of the low-pass filter in elimi-
nating splatter can be entirely nullified if the 
amplifier stages following the filter can introduce 
appreciable distortion. Amplifier stages following 
the unit must be operated well within their 
capabilities; in particular, the Class B output 
transformer if a Class B modulator is to be 
driven) should be shunted by condensers to 
re( t tee tlie high-frequency response as described 
in t he sect ion On Class B modulators. 
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• 

Fig. 9-12 — Below-chassis view of the clip-
per-filter speech amplifier. The relatively 
small number of components below the 
chassis makes wiring simple. 

• 

The setting of R13 is most important. 
It is most easily done with the aid of an 
oscilloscope (one having a linear sweep) 
and an audio oscillator, using the test 
set-up shown in the section on testing 
of speech equipment. Use a resistance 
load on the output transformer to reflect 
the proper load resistance (3000 ohms) 
at the plates of the 6134Gs. First set Ris 
at about Yi the resistance from the ground end, 
switch in the clipper-filter, and apply a 500-
cycle sine-wave signal to the microphone in-
put. Increase the signal amplitude until clip-
ping starts, as shown by flattening of both the 
negative and positive peaks of the wave. To 
check whether the clipping is taking place in 
the clipper or in the following amplifiers, throw 
St to the " normal" or " out" position; the 
waveshape should return to normal. If it does 
not, return S1 to the " in" position and re-
duce the setting of R13 until it does. Then reduce 
the amplifier gain by means of Rg until the 
signal is just below the clipping level. At this 
point the signal should be a sine wave. In-
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Ci — 100-agfd. mica. 
C2, C6, C13 — 20-41. 25-volt electrolytic. 
Ca — 0.1-afd. 400-volt paper. 
C4, C7, Cis, Cis — 0.01-pfd. 400-volt paper. 
Ca, Cs — 8.5fd. 450-volt electrolytic. 
Co, C11 — 470-add. mica. 
Cis — 0.002-afd. mica or paper. 
C12 — 330-add. mica. 
C14 — 30-afd. 150-volt electrolytic. 
C17, Cis, ci9 — 16-afd. 450-volt electrolytic. 
Cao, C21 — 8.5fd. 450-volt electrolytic (Can type). 
Ri — 2.2 megohms, jj watt. 
112, 1114 — 2200 ohms, 3/2 watt. 
lia — 1 megohm, ij watt. 
R4, Ra — 0.47 megohm, jj watt. 
lia — 47,000 ohms, 3.¡ watt. 
Its — 2-megohm volume control. 
117 — 3900 ohms, 12 watt. 
Ra — 0.1 megohm. 12 watt. 
Rio — 1500 ohms, 1 watt. 
1111 — 47,000 ohms, 1 watt. 
1112 — 56,000 ohms, 3j watt. 
RIS — 0.5-tnegohin volume control. 
is — 10,000 ohms, 20 watts. 
is — 2000-ohm 25-watt adjustable. 

1.1 — 20 henrys, 900 ohms (Stancor C-1515). 
1.2, — 15 henrys, 75 ma. (Stancor C-1002). 
1.4 — 10.5 henrys, 110 ma. (Stancor C-1001). 
Ji — Alicroplione cable receptacle (Amphenol PC1M). 
J2 — Chassi—mounting 115-volt plug. 
Si — 14.1,..1.t. rotary switch (Mallory 31224). 
52, S3 — ›.p s.t. toggle. 
Tt — Audio transformer, single plate to p.p. grids, 

ratio 2:1 (Thordarson T20A17). 
T2 — Driver transformer, variable ratio, p.p. driver to 

Class-11 grids, pri. rating 120 ma. per side (Stan-
cor A-476:(). 

— Power transformer: 700 v. c. t., 90 ma.; 5 v., 2 
amp.: 6.3 v. 3.5 amp. (Stancor P-4079). 

T4 Power transformer: 700 v. c. t., 110 ma.; 5 v., 3 
amp.: 6.3 v. 1.5 amp. (Stancor P-4080). 

11FC' — 2.5 ink r. f. choke. 

crease R13, without touching R6, until the wave 
starts to become distorted, and then back off 
R13 until distortion disappears. 

Next, change the input-signal frequency to 
2500 cycles, without changing the signal level. 
Slowly increase Rg while observing the pattern. 
At this frequency it should be almost impossi-
ble to get anything except a sine wave through 
the filter, so if distortion appears it is the result 
of overloading in the amplifiers following the 
filter. Reduce the setting of R13 until the dis-
tortion disappears, even when Rg is set at, max-
imum and the maximum available signal from the 
audio oscillator is applied to the amplifier. The 
position of R13 should be noted at this point and 
the observed setting should never be exceeded. 
To find the operating setting of R13, leave the 

audio-oscillator signal amplitude at the value 
just under the clipping level and set up the 
complete transmitter for a modulation cheek, 
using the oscilloscope to give the trapezoidal 
pattern. With the Class C amplifier and mod-
ulator running, find the setting of R13 (keeping 
the audio signal just under the clipping level) 
that just gives 100-per-cent modulation. This 
setting should be below the maximum setting 
of R13 as previously determined; if it is not, the 
driver and modulator are not capable of modu-
lating the transmitter 100 per cent and must be 
redesigned — or the Class C amplifier input 
must be lowered. Assuming a satisfactory setting 
is found, connect a microphone to the amplifier 
and set the amplifier gain control, Rg, so that the 
transmitter is modulated 100 per cent. Observe 
the pattern closely at different settings of Rg to 
see if it is possible to overmodulate. If over-
modulation does not occur at any setting of Rs, 
the transmitter is ready for operation and R13 
may be locked in position; it need never be 
touched subsequently. If some overmodulation 
does occur, R13 should be backed off until it dis-
appears and then locked. 

In the absence of an oscilloscope the other 
methods of checking distortion described in 
the section on speech-amplifier testing may 
be used. The object is to prevent distortion in 
stages following the filter, so that when the 
clipping level is exceeded the following stages 
will be working within their capabilities. 
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A Simple Grid Modulator 

The modulator circuit shown in Fig. 9-14 is 
capable of modulating any transmitter, up to the 
maximum power limit, to about 80 per cent with 
low distortion. It requires no power supply other 
than heater power for the tubes, since it gets 
plate power from the cathode circuit of the r.f. 
amplifier with which it is used. Although the 
modulator output is connected in series with the 
r.f. amplifier cathode, the modulation is essen-
t ially of the grid-bias type (see chapter on ampli-

Fig. 9-13 — A simple modulator of the grid-bias type, 
usable with transmitters ha % ing c.w. plate inputs up to 
a kilowatt. Plate power for the unit is obtained auto-
matically front the r.f. amplifier supply. 

tude modulation). A useful characteristic of the 
system is that it does not require a fixed source of 
grid bias for the amplifier. . 
The speerh amplifier uses a high-a double 

triode to give two stages of resistance-coupled 
amplification. This gives sufficient gain for a 
crystal microphone. Resistors R3, R7 and Re), 

6S1.7 Y2 6SL7 

jI 

Fig. 9-14 — Circuit diagram of the 

Ci, Ca, C8 8-gfd. electrolytic, 450 volts. 
Ca — 0.005 Al. 400 volte. 
Ci — 0.01 pfd. 400 volte. 
C8 — 50-51d. electrol% tic. 50 volts. 
Ri — 2.2 megohms, watt. 
112— 0.22 megohm, 45 matt. 
Ra, R7, RIO — 22,000 ohms, 3,5 watt. 

CHAPTER 9 

together with Ci and ("3, provide decoupling and 
additional fitering of the el.c, obtained from the 
r.f. amplifier catho, le circuit. 
The output stage uses one or more 6Y6Gs in 

parallel: in determining the number of tubes re-
quired to modulate a particular amplifier, use 
one 6Y6G for each 200 ma. of amplifier plate 
current based on the operating conditions for 
c.w. work. The audio output voltage is developed 
across Li and R0 in series; Rn may be omitted 
if the d.c. voltage between the screen and cathode 
of the 6Y6G does not exceed the rated value of 
135 volts. 
No snecied constructional precautions need be 

observed in laving out the amplifier. The unit 
shown in Fig. 11-13 is built on a homemade chassis 
folded from a sheet of aluminum, but a small 
standard chassis may lw used instead. A filament. 
transformer may be included in the unit. in case 
the heater power cannot, conveniently be obtained 
from the transmitter itself. 
To use the modulator, first tune up the trans-

mitter for ordinary c.w. operation with the modu-
lator disconnected. Then connect the modulator 
output terminals in series with the amplifier 
cathode as indicated in Fig. 9-14. (Make certain 
that the modulator cathodes are up to operating 
temperature before applying plate voltage to the 
r.f. amplifier.) The amplifier plate current should 
drop to approximately one-half the c.w. value. 
If the plate current is too high, increase the value 
of R9 until it is in the proper region; if too low, 
decrease the resistance at R9. Once this adjust,-
ment is made the system is ready for 'phone 
operation. The r.f. amplifier plate current should 
show no change with speech input, except for a 
slight upward kick on voice peaks. 
The carrier power output with this system is 

somewhat less than would be obtained with con-
ventional grid modulation because the d.c. 
voltage drop in the 6Y6G modulators subtracts 
from the amplifier plate voltage. The difference 
is small with r.f. tubes operating at 1000 volts or 
more. 

6Y6G Cathole Amp. 
 o 

speech amplifier and  Itilator. 

114 — 0.5-megolien obole control. 
lt — 2200 ohms, 12 watt. 
Its, R8 — 0.1 megohm, ,1/5 watt. 
Ra — 50 ohms, 2 watts (see text). 

RH 2000 ohms, 2 watts (see text). 

Small filter choke, "a.c.-d.c." type satisfactory. 
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Screen Modulator Circuit 

Fig. 9-15 is a representative circuit for a modu-
lator for the screen grid of a beam tetrode. Most 
r.f. tubes of this type require very little modu-
lating power in the screen circuit, so a receiving-
type audio power amplifier usually is sufficient. 
The circuit shown has ample gain for a crystal 
microphone and will fully modulate a screen grid 
that does not require an average audio power of 
more than three or four watts. It can also be used 
for modulating a pair of r.f. tubes where these 
requirements are not exceeded. The chapter on 
amplitude modulation should be consulted for 
information on determining the voltage swing 
and modulating power for a particular tube type. 
The turns ratio required in Th primary to second-
ary, will range from 1 to 1 to 0.8 to 1 for various 
r.f. tubes, since the peak output voltage of the 
tube across the primary of the transformer is 
about 200 volts. An inexpensive driver trans-
former, of the type used for coupling a triode or 
pentode to Class AB2 tetrodes of the 61,6 class, 
will be satisfactory. It should preferably have 
two or three primary taps so the turns ratio can 
be adjusted. Transformer coupling is used in 
preference to direct coupling (i.e., " clamp-tube" 
modulation of the screen) because of simpler 
adjustment, ease of modulating 100 per cent, and 
because it permits using a low-voltage supply for 
the screen grid of the modulated r.f. amplifier. 
The speech input stage uses a 68.17 pentode and 

is followed by a 6J5 voltage amplifier. The 6V6 
output stage uses negative feed-back, the feed-
back voltage being taken from the plate circuit 
by means of the voltage divider RioRti and ap-

SPEECH AMP. 

plied in series with the plate resistor, R7, of the 
preceding stage. Negative feed-back in the modu-
lator is very desirable when a screen or control 
grid is to be modulated because the load on the 
modulator varies over the audio-frequency cycle, 
and feed-back reduces the distortion that arises 
from this cause. In this circuit the percent feed-
back is chosen to be as large as possible while 
still retaining enough voltage &Lin for normal 
voice intensity into a crystal microphone. 
The lead between the microphone connector 

and the 68J7 grid should be shielded, as should 
also the first-stage grid-resistor, RI. Such shield-
ing prevents hum pick-up on the grid lead. Aside 
from this, no special precautions need be observed 
in constructing the amplifier, beyond keeping the 
heater leads well away from the plate and grid 
leads of the tubes. 
The heater requirement for the unit is 1 ampere 

at 6.3 volts. Plate-supply requirements vary from 
about 70 to 85 ma. at 250 to 300 volts, depending 
on the screen current taken by the tube being 
modulated. R13 should be adjusted, by means of 
the slider, to give the proper d.e. voltage at the 
screen of the modulated stage. This voltage will, 
in general, be approximately half the d.c. screen 
voltage recommended for e.w. operation, as de-
scribed in the chapter on amplitude modulation. 
The method of adjustment for linear modulation 
is also covered in that chapter. 
The same circuit may be used for control-grid 

modulation of either triode or tetrode r.f. am-
plifiers. The method of adjustment is described 
in the chapter on amplitude modulation. 

6.39. +250 — 
to 300 God. 

Fig. 9-15 — Modulator circuit for screen or control grid modulation. 

C1, C4 — 10-gfd. 25-volt electrolytic. 
Ce — 0.1-gfd. 100-v oit paper. 
Ce, Ca — 0.0I-5M. 400.v oit paper. 
CO — 50-gfd. 50-volt electrolytic. 
C7, Co, — 10-Mid. 17,11-%ort electrolytic. 
Ri — 2.2 megohms, watt. 
112, Bo — 1500 ohnis, j¡ watt. 
Rs — 1 megohm, ]A watt. 
114 — 0.22 megohm, 32 watt. 
115— 1-megohm potentiometer, audio taper. 

R7, Rs — 0.1 megohm, watt. 
Re — 235 ohms, 2 watts. (Two 470-ohm 1-watt titbits in 

parallel.) 
Rio, Ru — 47,000 ohms, 1 watt. 
Ru i — 27,000 ohms, 1 watt. 
Ris — 25,000-ohm adjustable, 25 watts. 
Ji — Microphone jack. 
Si — 4-pole 2-position rotary switch (see text). 
Ti — Audio driver transformer (see text). 
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40-Watt Class ABi Modulator 

The modulator unit shown in Figs. 9-16 to 
9-18, inclusive, has an undistorted power output 
of somewhat better than 40 watts. Although 
designed as a companion unit for the 75-watt 
transmitter described in the chapter on trans-
mitters, it may be used with any transmitter 
operating at a d.e. plate power input of 80 watts 
or less. 

Speech Circuit 

The speech amplifier uses a high-p dual triode 
as a two-stage resistance-coupled amplifier, 
followed by a medium-p triode. The latter is 
transformer-coupled to the modulator grids. The 
gain from the microphone input to the 807 grids 
is more than ample for crystal and other micro-
phones of similar output level. Battery bias is 
used for the modulator grids since it is the sim-
plest method and a small battery such as those 
made for hearing-aids can be used. Since no 
current is taken from the battery, its life is the 
same as the normal shelf life. 
The frequency response of the amplifier is ad-

justed to put maximum energy in the range 
where it contributes most to speech intelligibility; 
that is, the output is highest between 500 and 
1200 cycles and drops off gradually on either side. 
The lower frequencies are reduced by low values 
of capacitance at Ca and C4, and the high-fre-
quency end is attenuated by Cg and C7. 

Power Supply 

The power supply uses a replacement-type 
transformer with a bridge rectifier to obtain dual 
output voltages. A single-section filter is used on 
the high-voltage output and a double-section 
filter on the low voltage. With the values shown 
in Fig. 9-17 the hum level is 40 db. below full 
output of the modulator. 

Control Circuits 

The switching arrangement in the control 
section provides an on-off control for 'phone 
operation, disables the modulator when c.w. is to 
be used, and includes a "Test" position similar 
to that in the 75-watt transmitter. In the 

"'Phone" position the control switch discon-
nects the 6146 r.f. amplifier screen from the sup-
ply in the transmitter unit and connects it to the 
screen-dropping resistor, R18. Simultaneously, 
the secondary of the modulation transformer is 
connected in series with the 6146 d.c. plate lead, 
and the cathodes of the 807 modulators are con-
nected to ground through R16. The drop in volt-
age across R1g is used for measuring the modulator 
plate current. In the " C.W." position the mod-
ulator cathode circuit is opened, the secondary 
of the modulation transformer is short-circuited, 
and the 6146 screen is connected to the screen 
supply in the transmitter unit. In both the 
"Test" and " Off" positions the 6146 screen is 
disconnected from its supply and grounded, and 
the modulation transformer secondary is shorted. 
If a key is plugged into the jack on the transmit-
ter, either position can be used for testing; but 
the key must be left open when using the " Off" 
position for on-off 'phone switching. 
A few changes in the original transmitter cir-

cuit are required. Referring to the circuit diagram 
in the transmitter chapter, these are: 

1) Disconnect the lead between the arm of 
S4A and J7. This section of S4 is no longer needed. 

2) Remove R9 from the circuit. (This resistor 
is replaced by R17 in Fig. 9-17.) 

3) Connect Pin 2 on the auxiliary socket, Jg, 
to the top contact of J7. This connects the 5763 
and 6146 cathodes to the auxiliary socket and 
thence through the connecting cable to the 
modulator. 
A six-wire cable is used for making connections 

between the two units. The same pin numbers 
are used for corresponding circuits at each end, 
so it is merely necessary to connect Pin 1 in one 
plug to Pin 1 in the other, and so on. Pins 5 and 6 
must be connected by a jumper in order to com-
plete the heater circuit in the transmitter. 
The meter in the transmitter is used for making 

measurements on the modulator by means of a 
cord with pin jacks running between the " Ex-
ternal Voltmeter" jack on the transmitter and 
the jacks (J2 to J5, inclusive) shown in Fig. 9-17. 

Fig. 9-16 — The 10-watt modulator along-
side the 75-watt transmitter described in 
the transmitting chapter. It is completeb 
self-contained, with power supply and 
control circuits, on a 5 X 10 X 3-inch 
chassis. 

'I'he control switch, center, has four posi-
tions — off, test, 'phone, and C. W. Micro-
phone connector and gain control are at 
the left; a.c. switches at do, lower right. 
The two speech amplifier tills, are at the 
left front, followed by the 007s and the 
5V4G to the rear. The modulation trans-
former is at the right front and the power 
transformer is at the right rear. 
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Fig. 9-17 — Circuit diagram of the 
Ci — 100-pfd. ceramic. 
Cg — Dual 8-pfd. electrolytic, 450 volts. 
Ca, C4 — 0.0015-pfd. ceramic. 
Ca — 10-pfd. electrolytic, 25 volte. 
Ce — 470-ppfd. ceramic. 
C2 — 0.002- to 0.004-pfd. paper, 600 volts. 
Cs — Dual electrolytic, 8 (A) and 16 (B) pfd., 450 volts. 
Co, Cto — 30-pfd. electrolytic, 450 volts. 
Cit — 0.004-pfd. paper, 1600 volts. 
C12 — 0.1-pfd. paper, 600 volts. 
RI — 2.2 megohme, % watt. 
R2, R9 — 0.1 megohm, 3 watt. 
143— 47,000 ohms, watt. 
R4 — 1-megohm volume control, preferably log taper. 
Re — 1500 ohms, watt. 
112 — 10.000 ohms, watt. 
119 — 1 megohm, 3 watt. 
R9 — 1000 ohms, watt. 
Rto — 0.1 megohm, 1 watt. 
Rut, Rn — 20,000 ohms, 10 watts. 
Ilia, Rig — 1 megohm, 1 watt. 
1114 — 0.47 megohm, watt. 
R19 — 15,000 ohms, watt. 
1116 — 50 ohms, watt. 

Class AB' modulator using 807s. 
Ris — 4700 ohms, 1 watt. 
R18 — 35,000 ohms, 10 watts. 
1120 — 1000 ohms, 3.j watt (value not critical). 
Fi — 2-amp. fuse. 
It — Pilot light, 6.3 v., 150 ma. 
Ji — Panel-type microphone connector (Amphenol 

PC1M). 
J11, J4, Ja — Insulated tip jack. 

is — Octal socket. 
Li — 4.5 henrys, 50 ma., 300 ohms. 
Li — 8 henrys, 100 ma., 375 ohms. 
Si, S2— S.p.s.t. toggle. 
Sa — 4-section, 5-position ceramic wafer switch (2 

wafers), 4 positions used. 
Ti — Interstage audio transformer, center-tapped sec-

ondary, 10-ma, primary, total secondary-to-
primary turns ratio 3 to 1. 

Ti — Adjustable-ratio modulation transformer, app. 30 
watts (UTC CVM-1). 

T3— Filament transformer , 6.3 v. at 1.2 amp. 
T ' e — Power transformer , 3à0 v. each side c.t., 90 ma.; 

5 V. at 2 amp.; 6.3 v. at 3 amp. 
BT1 — 22.5-volt battery (hearing-aid type used in 

modulator shown in photographs). 
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Modulator plate current is read through J.1; the 
full scale range is 100 ma. with a 50-ohm resistor 
at Rm. A.f. voltage for an oscilloscope can be 
taken from J5, through the voltage divider 
formed by R15 and R10. C11 is a blocking condenser 
for the voltage divider. R15 and the total resist-
ance are such as to give about 10 volts peak. 

C12 and R20 are used to suppress sparking at 
the control switch. 
When the transmitter and modulator are con-

nected by the cable all the control functions, ex-
cept keying, are performed by the switch on the 
modulator unit. The "Test-Operate" switch on 
the transmitter should be left permanently in the 
"Operate" ix)sition. The key may be left perma-
nently in the jack on the transmitter. Both power 
supplies run continuously. The 6X5GT heater 
transformer in each unit should be turned on 
sufficiently ahead of the power transformer to 
allow the 6X5GT heaters to attain temperature 
before the 5V4GT. 

Construction 

Although the unit shown is complete on a 
5 X 10 X 3-inch chassis, such compact con-
struction is not ordinarily necessary. A larger 
chassis will provide more freedom for placement 
of components and will make wiring easier. 

In choosing a layout, it is advisable to keep the 
output transformer, 7'2, well separated from the 
low-level speech amplifier circuits. This will tend 
to reduce stray coupling and feed-back and thus 
prevent any tendency toward self-oscillation. 
To prevent such oscillation in the layout shown, 
it was necessary to install a small aluminum 

shield between the speech amplifier circuits and 
the output transformer terminals (Fig. 9-18), 
and to use a shielded lead from the " hot" termi-
nal (C) of the transformer to the terminal socket 
at the rear of the chassis. 

Operating Values 

The optimum plate-to-plate load resistance for 
807s operating Class ABI with the voltages indi-
cated is approximately 13,000 ohms. For modu-
lating the 75-watt transmitter at full rated 'phone 
input of 67.5 watts for the 6146 the proper trans-
former taps are indicated in Fig. 9-17. The an-
tenna loading should be adjusted to make the 
6146 plate current 106 ma., at which load the 
screen current should be 12 ma. and the plate 
voltage 640. The 6146 grid current should be 
adjusted to be 3 to 4 ma. 

For other tubes or different voltages and cur-
rents, or for a different type of modulation trans-
former, the load resistance should be calculated 
as described in the chapter on amplitude modula-
tion and the transformer taps chosen accordingly. 
The d.c. power supply voltages in the modula-

tor unit (line voltage 120) should measure 690 
and 260 for the high and low supplies with no 
audio input. The modulator idling current is 
about 50 ma. under these conditions with a new 
22.5-volt (actual voltage 24.5 volts) battery for 
bias. With tone input and the gain adjusted for 
maximum undistorted output, the modulator 
cathode current is about 100 ma. However, with 
speech the modulator plate current should not 
kick beyond 60 to 65 ma. MI voice peaks; this 
represents 100 per cent modulation. 

Fig. 9-18 — The principal components along the lower wall of the chassis, from left to right, are the filament trans-
former for the 6X5GTs, Ta., common power-supply choke.. 1,2 (with the low-voltage supply dual filter condenser cg, 
just above it), filter condensers Cg and Cie, and the a.c. switches. Rig and Cii, for the oscilloscope audio take-off 
are mounted on a tie-point strip on the front wall (at the right in this view) near the control switch, Si. The screen. 
dropping resistor, R1s, for the r.f. amplifier is mounted between the S3 and a tie point on the chassis. 
The components visible along the upper wall are the low-voltage filter choke, Li, at the left, transformer Ti at the 

center, and Cs at the right. The bias battery is mounted by a bracket on the chassis wall in the space between Tt 
and the chassis deck. 
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Push-Pull 807 Modulator and Speech Amplifier 

The speech amplifier and modulator shown in 
Fig. 9-19 is capable of modulating a power input 
to the modulated amplifier of approximately 200 
watts when the maximum rated voltage of 750 is 
applied to the 807 plates. The maximum undis-
torted audio power output is 100 watts at that 
plate voltage, after allowing for losses in the out-
put transformer. The 807s are operated as Class 
A132 amplifiers. 
As shown in Fig. 9-20, the first 

speech amplifier tube is a 6SJ7, 
with its input circuit arranged for 
use with a crystal microphone. The 
second stage, also a resistance-
coupled voltage amplifier, uses a 
6J5. The third stage, which must 
deliver power to the grids of the 
Class AI32 modulator tubes, uses 
a 6K6 pentode. Negative feed-back 
is incorporated in this stage as a 
means for improving its output 
voltage regulation and reducing 
distortion. The 6K6 is coupled to 
the modulator grids through a 
transformer. 

In the modulator stage small 
chokes, RFC' and RFC2, are con-
nected in the grid leads and 100-
ohm resistors are connected in the 
screen leads to prevent the parasitic 
oscillations that frequently occur 
with 807s. Each screen resistor is 

S P AMP SP AMP 
65J7 6J5 

Y. 
115 V. S.C.. 

separately by-passed to ground with a mica 
condenser for the same reason. 
A filament transformer capable of handling all 

tube heaters is included as part of the unit. 
- Circuit constants have been selected so that the 
overall frequency response is sufficiently flat in 
the normal range of voice frequencies, but drops 
off above 3000 cycles and below 150 cycles. 

Fig. 9-19 — Modulator unit using push-pull 807s with speech amplifier 
designed for crystal-microphone input. It is built on a 7 by 17 by 3 steel 
chassis and can be mounted on a standard 8% inch relay-rack panel. 
The audio power output obtainable varies from 50 to 100 watts depend-
ing on the plate voltage supplied to the 807s. 

65.17 6J5 61(6 807 

2,r t7 

807 

5 

o 
—B +250 —Bias +8 
Gnd. 
+Bias 

Fig. 9-20 — Circuit diagram of the push-pull 807 modulator 
CI, C4 — 10-afd. 25-volt electrolytic. 
C2 — 0.1-afd. 400-volt paper. 
CS, C5 — 0.0015-afd. mica. 
Co — 50-mfd. SO-volt electrolytic. 
C7, CFI — 10-afd. 450-volt eleetroly 
C9, CIO. Ci2 — 0.002-5M. mica. - 
Cii — 680-paftl. mica. 
Ri — 2.2 megohms, 3 watt. 
R2, R8 — 1500 ohms, 3'¡ watt. 
Rs — 1 megohm, watt. 
114 — 0.22 megohm, 32 watt. 
Ra 1-megohm potentiometer, audio taper. 

EOutput 

117, Rs — 0.1 megohm, ,4 watt. 
R9 — 680 ohms, 1 watt. 
Rio — 0.1 megohm, 1 watt. 
Ri, — 27,000 ohms, 1 watt. 
1112 — 47,000 ohms, 1 watt. 
R, RIA — 100 ohms. !, 2" watt. 

RIFC2— 0.7 microhenry (Ohmite Z-50). 
Ji — Microphone jack. 
Si — S.p.s.t. switch (part of gain-control assembly). 
Ti — 6.3 volts a.c., 3 amp. 
T2 — Class AB2 driscr transformer, single plate to p.p. 

grids, turns ratio 2 to 1, pri. to sec. 
To — Output transformer (see text). 
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The general layout of the unit is shown in 
Figs. 9-19 and 9-21. The metal tube nearest the 
front of the chassis is the 65.17 and the 6J5 is 
toward the rear. The layout is not critical, except 
that it is advisable to keep the filament trans-
former well separated from the low-level stages 
and the input transformer, 7'2. 
To prevent hum pick-up the lead from the 

microphone connector to the grid of the 65J7 
should be shielded, as should also the grid re-
sistor, R. A satisfactory shield for the grid re-
sistor may be made by slipping a short piece of 
spaghetti tubing over the resistor and then cover-
ing the tubing with shield braid. The braid should 
be grounded to the chassis. The leads to the gain 
control, R5, should be made from shielded wire. 
The type of output transformer to use will de-

pend on the modulating impedance of the Class C 
r.f. stage. At maximuni ratings the 807s require 
a plate-to-plate load of 6950 ohms, so the output 
transformer turns ratio must be selected ac-
cordingly. 

In case the input to the modulated stage is less 
than 200 watts, the 807s may be operated at a 
reduced plate voltage to obtain the necessary 
audio power output. Typical operating conditions 
at various plate voltages are given below: 

Plate voltage 400 500 600 750 volts 
Screen voltage 300 300 300 300 volts 
Grid bias —25 —29 —30 —32 volts 
Plate current, max. 

sig. 240 210 200 240 ma. 
Plate current, no sig. 90 72 60 52 ma. 
Load resistance 3200 4240 6400 6950 ohms 
Power output 55 75 80 120 watts 

The output figures given above are tube output 
only, and do not include transformer losses. They 
should be reduced by about 15 per cent to obtain 
the actual power available for modulating the 
transmitter. For example, with a plate-supply 
voltage of 500 the actual output can he expected 
to be about 65 watts, sufficient for modulating 
130 watts input. 
The table above gives the power supply re-

quirements for the 807s at various plate voltages. 
The fixed bias may be supplied by batteries or a 
bias supply such as is described in the chapter on 
power supplies. The screen voltage may be be-

CHAPTER 9 

• 

Fig. 9-21 — Bottom view of the push-
pull 807 modulator. In this view the 
microphone connector is at the lower 
right, with the gain control just to its 
left. The filament transformer is in the 
upper left corner. Ceramic feed-through 
insulators are used to carry the output 
transformer connections through the 
chassis, and safety terminals are used 
for the high-voltage d.c. lead and the 
output transformer secondary terminals. 

tween 250 and 300 in the practical case; at 250 
volts somewhat less bias is needed and the driving 
power required is slightly increased but the power 
output is approximately the same. 
The first three stages of the unit may be oper-

ated from a small power supply giving approxi-
mately 70 ma. at 250 to 300 volts. A suitable cir-
cuit diagram is given in Fig. 9-22. This circuit also 
supplies the fixed bias for the 807 grids, by uti-
lizing the voltage drop between the negative side 
of the high-voltage output and ground through 
the tap on resistor R2. The slider on R2 should be 
adjusted so that the proper bias voltage, as given 
by the table on this page, is obtained. It is ad-
visable to check the 807 screen current, with no 
plate voltage on the 807s, to be sure that the 
rated screen dissipation of 3.5 watts per tube is 
not exceeded. If it is, the bias should be increased 
to keep the dissipation within rating. This will 
prevent damage to the screens during stand-by 
periods. 
Such a power supply can be incorporated in the 

modulator unit, if desired. The principal precau-
tion to be observed is that the power transformer 
should not be mounted near the low-level stages. 
A slightly deeper chassis may be required. 

L, 

Fig. 9-22 — Power supply for speech-amplifier stages 
of 807 modulator. The unit also supplies fixed bias for 
the 807 grids. 
Ci, C2 — 8.51d. electrolytic, 450 volts. 
C3 - 50-mfd. electrolytic, 50 volts. 
Li — Filter choke, 30 henrys, 75 ma. 
RI — 15,000 ohms, 10 watts. 
112 — 1000-ohm adjustable, 10 watts. 
Si — S.p.s.t. toggle. 
Ti — Power transformer, 350 volts each side c.t., 70 

ma.: 5 v. 3 amp.; 6.3 v. 3 amp. 
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Modulators and Drivers 

• CLASS-AB AND -B MODULATORS 
Class AB or B modulator circuits are basically 

identical no matter what the power output of the 
modulator. The diagrams of Fig. 9-23 therefore 
will serve for any modulator of this type that the 
amateur may elect to build. The triode circuit is 
given at A and the circuit for tetrodes at B. When 
small tubes with indirectiv-heated cathodes are 
used, the cathodes should I;e connected to ground. 

Modulator Tubes 

The audio ratings of various types of trzuts-
mit ting tules are given in the chapter containing 
the tube tables. Choose a pair of tubes that is 
capable of delivering sine-wave audio power equal 
to somewhat more than half the d.e. input to the 
modulated Class C amplifier. It is sometimes 
convenient to use tubes that will operate at the 
same plate voltage as that applied to the Class C 
stage, because one power supply of adequate cur-
rent capacity may then suffice for both stages. 

In estimating the output of the modulator, 
remember that the figures given in the tables are 
for the tube output only, and do not include out-
!tut -I ransformer losses. T, 1,, 1 lequate for modu-

ng t he transmitter, tie' nut, II la tor should have 

DRIVER PLATES 
OR LINE 

(A) 

T, 

DRIVER PLATES 
OR LINE 

o  

FIL 
TRANS. 

11.e + SG MOM+ HNC 

a theoretical power capability about 25 per cent 
greater than the actual power needed for modu-
lation. 

Matching to Load 

In giving audio ratings on power tubes, manu-
facturers specify the plate-to-plate load im-
pedance into which the tubes must operate to 
deliver the rated audio power output. This load 
impedance seldom is the same as the modulating 
impedance of the Class C r.f. stage, so a match 
must be brought about by adjusting the turns 
ratio of the coupling transformer. The required 
turns ratio, primary to secondary, is 

= 

where N = Turns ratio, primary to secondary 

Z. = Modulating impedance of Class C 
r.f. amplifier 

= Plate-to-plate load impedance for 
Class B tubes 

Example: The modulated r.f. amplifier is to 
operate at 1250 volts and 250 ma. The power 
input is 

TO MOD. AMP PLATE 

C2 

FOR 
MOD AMP. 

s 
To 1.1011A1AR 2 1.1.1ATE 

C2 
'T 
e 
e 
e 

e 
e 
I 
e 

+ MAI.  FOR 
MOD. AMR 

Fig. 9-23— Modulator circuit diagrams. 'rubes and cir-
cuit considerations are discussed in the text. 

P = El = 1250 X 0.25 = 312 watts 

so the modulating power required is 312/2 = 
156 watts. Increasing this by 25% to allow for 
losses and a reasonable operating margin gives 
156 X 1.25 = 195 watts. The modulating im-
pedance of the Class C stage is 

E 1250 
= 7 = = 5000 °hew. 

From the tube tables a pair of Class B tubes is 
selected that will give 200 watts output when 
working into a 6900-ohm load, plate-to-plate. 
The primary-to-secondary turns ratio of the 
modulation transformer therefore should be 

N  = = ,\ 1600° = = 1.175:1. 

5000 

The required transformer ratios for the 
ordinary range of impedances are shown 
graphically in Fig. 9-24. 
Many modulation transformers are pro-

vided with primary and secondary taps, so 
that various turns ratios can be obtained 
to meet the requirements of particular tube 
combinat ions. 

It may be that the exact turns ratio re-
quired cannot be secured, even with a 
tapped modulation transformer. Small de-
partures from the proper turns ratio will 
have no serious effect if the modulator is 
operating well within its capabilities; if the 
actual turns ratio is within 10 per cent of 
the ideal value the system will operate 
satisfactorily. Where the discrepancy is 
larger, it is usually possible to choose a new 
set of operating conditions for the Class C 
stage to give a modulating impedance that 
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9-2,1 — Transformer ratios for matching a Class C 
modulating impedan., to the required plate-to-plate 
load for the Class It  inlator. The ratios given on the 
curves are front total primary to secondary. Resistance 
values are in kilohms. 

can be matched by the turns ratio of the available 
transformer. This may require operating the Class 
C amplifier at higher voltage and less plate cur-
rent, if the modulating impedance must be 
increased, or at lower voltage and higher current 
if the modulating impedance must be decreased. 
However, this process cannot be carried very far 
without exceeding the ratings of the Class C 
tubes for either plate voltage or plate current, 
even though the power input is kept at the same 
figure. 

Suppressing Audio Harmonics 

Distortion in either the driver or Class B modu-
lator will cause a.f. harmonics that may lie out-
side the frequency hand needed for intelligible 
speech transmission. While it is almost impossible 
to avoid some distortion, it is possible to cut 
down the amplitude of the higher-frequency 
harmonics. 
The purpose of condensers CI and C2 across the 

primary and secondary, respectively, of the Class 
B output transformer in Fig. 9-23 is to reduce the 
strength of harmonics and unnecessary high-
frequency components existing in the modulation. 
The condensers act with the leakage inductanee 
of the transformer winding to form a rudimentary 
low-pass filter. The values of capacitance required 
will depend on the load resistance (modulating 
impedance of the Class C amplifier) and the 
leakage inductance of the particular transformer 
used. In general, capacitances between about 
0.001 and 0.01 afd. will be required; the larger 
values are necessary with the lower values of load 
resistance. The voltage rating of each condenser 
should at least be equal to the d.e. voltage at the 
transformer winding with which it is associated. 
In the case of C2, part of the total capacitance re-
quired will be supplied by the plate by-pass or 

blocking capacitor in the modulated amplifier. 
A still better arrangement is to use a low-pass 

filter as shown in Fig. 9-9, even though clipping 
is not deliberately employed. 

Grid Bias 

Certain triodes designed for Class B audio work 
can be operated without grid bias. Besides 
eliminating the grid-bias supply, the fact that 
grid current flows over the whole audio cycle 
represents a more constant load resistance for the 
driver. With these tubes the grid-return lead 
from the center-tap of the input transformer 
secondary is simply connected to the filament 
center-tap or cathode. 
When the modulator tubes require bias, it 

should always be supplied from a fixed voltage 
source. Cathode bias or grid-leak bias cannot be 
used with a Class B amplifier; with both types the 
bias changes with the amplitude of the signal 
voltage, whereas proper operation demands that 
the bias voltage be unvarying no matter what the 
strength of the signal. When only a small amount 
of bias is required it can be obtained conveniently 
from a few dry cells. When greater values of bias 
are required, a heavy-duty " B" battery may be 
used if the grid current does not exceed 40 or 50 
milliamperes on voice peaks. Even though the 
batteries are charged by the grid current rather 
than discharged, a battery will deteriorate with 
time and its internal resistance will increase. 
When the increase in internal resistance becomes 
appreciable, the battery tends to act like a grid-
leak resister and the bias varies with the applied 
signal. Batteries should be checked with a volt-
meter occasionally while the amplifier is operat-
ing. If the bias varies more than 10 per cent or so 
with voice excitation the battery should be 
replaced. 
As an alternative to batteries, a regulated bias 

supply may be used. This type of supply is de-
scribed in the power supply chapter. 

Plate Supply 

The plate supply for a Class B modulator 
should be sufficiently well filtered to prevent hum 
modulation of the r.f. stage. An additional re-
quirement is that the output condenser of the 
supply should have low reactance, at 100 cycles 
or less, compared with the load into which each 
tube is working. A 4-pfd. output condenser with 
a 1000-volt supply, or a 2-µfd. condenser with a 
2000-volt supply, usually will be satisfactory. 
With other plate voltages, condenser values 
should be in inverse proportion to the plate 
voltage. 
To keep distortion at a minimum, the voltage 

regulation of the plate supply should be as good 
as it can be made. If the d.c. output voltage of 
the supply varies with the load current, the 
voltage at maximum current determined the 
amount of power that can be taken from the 
modulator without distortion. A supply whose 
voltage drops from 1500 at no load to 1250 at the 
full modulator plate current is a 1250-volt sup-
ply, so far as the modulator is concerned, and any 
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estimate of the power output available should 
be based on the lower figure. 

It is particularly important, in the case of a 
tetrode Class B stage, that the screen-voltage 
power-supply source have excellent regulation, to 
prevent distortion. The screen voltage should be 
set as exactly as possible to the recommended 
value for the tube. The audio impedance between 
screen and cathode also must be low. 

Overexcitation 

When a Class B amplifier is overdriven in an 
attempt to secure more than the rated power, 
distortion increases rapidly. The high-frequency 
harmonics which result from the distortion modu-
late the transmitter, producing spurious side-
bands which can cause serious interference over a 
band of frequencies several times the channel 
width required for speech. (This can happen even 
though the modulation percentage, as defined in 
the chapter on amplitude modulation, is less than 
100 per cent, if the modulator is incapable of 
delivering the audio power required to modulate 
the transmitter.) 
As stated earlier, such a condition may be 

reached by deliberate ddign, in case the modu-
lator is to be adjusted for peak clipping. But 
whether it happens by accident or intention, the 
splatter and spurious sidebands 
can be eliminated by insert ing a 
low-pass filter (Fig. 9-9) between 
the modulator and the modu-
lated amplifier, and then taking 
care to see that the actual modu-
lation of the r.f. amplifier does 
not exceed 100 per cent. 

Operation Without Load 

Excitation should never be ap-
plied to a Class B modulator un-
til after the Class C amplifier is 
turned on and is drawing the 
value of plate current required 
to present the rated load to the 
modulator. With no load to ab-
sorb the power, the primary im-
pedance of the transformer rises 
to a high value and excessive 
audio voltages are developed 
across it — frequently high enough 
to break down the transformer 
insulation. If the modulator is to 
be tested separately from the 
transmitter, a resistance of the 
same value as the modulating 
impedance, and capable of dis-
sipating the full power output of 
the modulator, should be con-
nected across the secondary. 

• DRIVERS FOR CLASS-B 
MODULATORS 

Class AB2 and ('la-- B ampli-
fiers are driven into the grid-
current region, so power is con-

(A) +B 

+6 

sumed in the grid circuit. The preceding stage or 
driver must be capable of supplying this power at 
the required peak audio-frequency grid-to-grid 
voltage. Both of these quantities are given in the 
manufacturer's tube ratings. The grids of the 
Class B tubes represent a variable load resistance 
over the audio-frequency cycle, because the grid 
current does not increase directly with the grid 
voltage. To prevent distortion, therefore, it is 
necessary t o have a driving source that will main-
tain t lie waveform of the signal without distortion 
even t hough the load varies. That is, the driver 
stage must have good regulation. To this end, it 
should be capable of delivering somewhat more 
power than is consumed by the Class B grids, as 
previously described in the discussion on speech 
amplifiers. 
The driver transformer, 7' or T2 in Fig. 9-25, 

may couple directly between the driver tube and 
the modulator grids or may be designed to work 
into a low-impedance (200- or 500-ohm) line. In 
the latter case, a tube-to-line output transformer 
must be used at the output of the driver stage. 
This type of coupling is recommended only when 
the driver must be at a considerable distance 
from the modulator; the second transformer not 
only introduces additional losses but also impairs 
the voltage regulation of the driver stage. 

(B) 

F 8/0----° G 13 als-
Grids 
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  oj 

+8 

Fig. 9.25 — Triode driver circuits for Class B modulators. A, resistance 
coupling to grids; B, transformer coupling. R1 in A is the plate resistor 
for the preceding stage, value determined by the type of tube and operat-
ing conditions as given in Table 9-1. Ci and R2 are the coupling condenser 
and grid resistor, respectively; values also may be taken from Table 9-1. 

In both circuits the output transformer, T, T2, should have the proper 
turns ratio to couple between the driver tubes and the Class B grids. 
Ti in 13 is usually a 2:1 transformer, secondary to primary. R, the cathode 
resistor, should be calculated for the particular tubes used. The value of 
C, the cathode by-pass, is determined as described in the text. 
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Driver Tubes 

To secure good volt : Igii l(gtll:Il ion the 
internal impedance el. t he driver, as 
seen by the modulator grids, must be 
low. The principal component of this 
impedance is the plate resistance of the 
driver tube or tubes as reflected through 
the driver transformer. Hence for low 
«driving-source impedance the effective 
plate resistance of the driver tubes 
should lw low and the turns ratio of the 
driver transformer, primary to secon-
dary, should be as large as possible. The 
maximum turns ratio that can be used 
is that value which just permits devel-
oping the modulator grid-to-grid a.f. 
voltage required for the desired power 
output. 
Low-s triodes such as the 613-1G have 

low plate resistance and are therefore 
good tubes to use as drivers for Class 
A132 or Class B modulators. Tetrodes 
such as the 61,6 make very poor drivers 
in this respect when used without nega-
tive feed-back, but with such feed-back 
the effective plate resistance can be 
reduced to a value comparable with 

triodes. 
In selecting a driver stage always 

choose Class A or A131 operation in 
Preference to Class A132. This not only 
simplifies the speech-amplifier design 
but also makes it easier to apply negative 
feed-back te tetrodes for reduction of plate re-
sistance. It is possible to obtain a tube power 
output of approximately 25 watts from 61,6s 
without going beyond Class A131 operation: this 
is ample driving power for the popular Class B 
modulator tubes, even when a kilowatt trans-
mitter is to be modulated. 
The rated tube output as shown by the tube 

tallies should be reduced by about 20 per cent to 
allow for losses in the Class B input transformer. 
If two transformers are used, tube-to-line and 
line-to-grids, allow about 35 per cent for trans-
former losses. Another 25 per cent should be al-
lowed, if possible, as a safety factor and to im-
prove the voltage regulation. 

Fig. 9-25 shows representative circuits for a 
push-pull triode driver using cathode bias. If the 
amplifier operates Class A the cathode resistor 
need not be by-passed, because t he a.f. currents 
from each tube flowing in the cathode resistor 
are out of phase and cancel each other. However, 
in Class AB operation this is not true: consider-
able distortion will be generated at high signal 
levels if the cathode resistor is not by-passed. 
The by-pass capacitance required can be calcu-
lated by a simple rule: the cathode resistance in 
ohms multiplied by the by-pass capacitance in 
microfarads should equal at least 25,000. The 
voltage rating of the condenser should be equal 
to the maximum bias voltage. This can be found 
from the maximum-signal plate current and the 
cathode resistance. 

(A) 

(B) 
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Fig. 9-26 — Negative feed-back circuits for drivers for Class B 
modulators. A — Single-ended beam-tetrode driver. If Ji and I 2 
are a 6.15 and 6V6, respectively, the following values are suggested: 
RI, 47,000 ohm: R2, 0.47 megolun; R3. 250 ohms; R4, R5. 22,000 
ohms; CI, 0.01 dd.; C2. 50 afd. 

11 — Push-pull beam-tetrode driver. If J ; is a 6J5 and V2 and 1 
6L6s, the following values are suggested: RI, 0.1 megoltm; R2, 
22,000 ohms; Ra. 250 ohms: CI, 0.1 'dd.; C2. 100 mfd. 

Example: A pair of 6134(is is to be used in 
Class Afh self-biased. From the tube tables, the 
cathode resistance should be 780 ohms and the 
maximum-signal plate current 120 ma. From 
Ohm's Law, 

E = RI = 780 X 0.12 = 93.6 volts 

From the rule mentioned previously, the by-
pass capacitance required is 

C = 23,000/R = 25,000/780 = 32 pfd. 

A 40- or 30-51d. 100-volt electrolytic condenser 
would be satisfactory. 

Negative Feed-Back 

Whenever tetrodes or pentodes are used as 
drivers for Class 13 modulators, negative feed-
back should be used in the driver stage, for the 
reason discussed above. 

Suitable circuits for single-ended and push-pull 
tetrodes are shown in Fig. 9-26. Fig. 9-26A shows 
resistance coupling between the preceding stage 
and a single tetrode, such as the 6V6, that oper-
ates at the same plate voltage as the preceding 
stage. Part of the a.f. voltage across the primary 
of the output transformer is fed back to the grid 
of the tetrode, V2, through the plate resistor of 
the preceding tube, 171. The total resistance of 
114 and Rb in series should be ten or more times 
the rated load resistance of l'2. Instead of the 
voltage divider, a tap on the transformer primary 
can be used to supply the feed-back voltage, if 
such a tap is available. 
The amount of feed-back voltage that appears 

at the grid of tube V2 is determined by Rt, 112 and 
the plate resistance of 171, as well as by the rea-
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tionship between 114 and R5. Circuit values for a 
typical tube combination are given in detail in 
Fig. 9-26. 
The push-pull circuit in Fig. 9-26B requires an 

audio transformer with a split secondary. The 
feed-back voltage is obtained from the plate of 
each output tube by means of the voltage divider, 

112. The blocking condenser, C1, prevents the 
d.e. plate voltage from being applied to /?1R2: 
the reactance of this condenser should lx' low, 
compared with the sum of R1 and 112, at the low-
est audio frequency to be amplified. Also, the 
sum of RI and R2 should be high (ten times or 
more) compared with the rated load resistance 
for V2 and V3. 

In this circuit the feed-back voltage that is 
developed across R2 appears at the grid of V2 

(or V3) through the transformer secondary and 
grid-cathode circuit of the tube, provided the 
tubes are not driven to grid current. The per cent 
feed-baek is 

R2  
n = X 100 

RI R2 

where n is the feed-back percentage, and RI and 
22 are connected as shown in the diagram. Tice 
higher the feed-back percentage, the lower the 
effective plate resistance. However, if the per-
centage is made too high the preceding tube, VI, 
may not be able to develop enough voltage, 
through T1, to drive the push-pull stage to maxi-
mum output without itself generating harmonic 
distortion. Distortion in V1 is not compensated 
for by the feed-back circuit. 

If V2 and 173 are 6L6s operated self-biased in 
Class AB' with a load resistance of 9000 ohms, 
VI is a 6J5, and Tt has a turns ratio of 2-to- 1, 

Fig. 9-27 — Circuit diagram of speech amplifier using 61.6s with negative 
feed-back, suitable for driving Class B modulators up to 501) watts output. 

SJ 7 5N/GT 61_6 (,, L6 

CI, Cs, 20-afd. 25-volt electrolytic. 
C2, Cg, Cu — 400-volt paper. 
Cg, Cg 0.01-afd. 600-volt paper. 
C4, Ci, C12 — 10-afd. 450-volt electrolytic. 
Cit — 100-aftl. 50-volt electrolytic. 
RI — 2.2 megohms, 3/2" watt. 
112, It7 — 1500 ohms, watt. 
113 — 1.5 megohms, !,/¡ watt. 
H4 — 0.22 megohm, watt. 
Rs, Rs — 47,000 ohms, j¡ watt. 
Re — 1-megohm volume control. 

total secondary to primary, it is possible to use 
over 30 per cent feed-I tttcl: wit hout going beyond 
t he output-voltage capa bi lit lis of the 6.15. Twenty 
per cent feed-back will reduce t he effect ivy plate 
resistance to the point where the output voltage 
regulation is better than that of 6B4Gs or 2A3s 
without feed-back. 

If the grid-cathode impedance of the tubes is 
relatively low, as it is when grid current flows, the 
feed-back voltage decreases because of the volt-
age drop through the transformer secondary. The 
circuit should not be used with tubes that are 
operated Class AB2. 

• SPEECH-AMPLIFIER CIRCUIT WITH 
NEGATIVE FEED-BACK 

A circuit for a speech amplifier suitable for 
driving a Class B modulator is given in Fig. 9-27. 
In this amplifier the 61.6s are operated Class 
A131 and will deliver up to 20 watts to the grids 
of the Class B amplifier. The feed-back circuit re-
quires no adjustment, but does require an inter-
stage transformer with two separate secondary 
windings (split seconda ry 
Any convenient chassis layout may be used for 

the amplifier provided 111e principles outlined in 
the section on speech-amplifier construction are 
observed. The over-all gain is ample for a com-
munications-type crystal microphone. 
The output transformer, T2, should be selected 

to work between a 9000-ohm plate-to-plate load 
and the grids of whatever Class B tubes will be 
used. The power-supply requirements for this 
amplifier are 145 ma. at 360 volts and 2.7 amp. 
at 6.3 volts. 

119 — 0.47 megohm, (2 watt. 
Rio — 1500 ohms, 1 watt. 
Rit — 10,000 ohms, i watt. 
1112, 1113 — 0.1 megolten, 1 watt. 
Ri., Ris — 22,000 ohms, IA watt. 
RIG — 250 ohms, 10 watts. 
1117 — 2000 ohms, 10 watts. 
Ti — Interstage audio, 2:1 secondary (total) to pri-

mary, with split secondary winding. 
T2 — Class B input transformer to suit modulator 

tubes. 
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Class B Modulator with Filter 

Representative Class modulator .onstrue-
tion is illustrated by the unit shown in Figs. 9-28 
and 9-30. This Modulator includes a splatter 

Fig. 9-28 — A typical Class B modulator arrangement. 
This unit uses a pair of 81 lAs, capable of an audio power 
output of 340 watts, and includes a splatter filter. The 
modulation transformer is at the left and the splatter 
choke at the right. All high-voltage terminals are cov-
ered so they cannot be touched accidentally. 

filter, CALI in the circuit diagram, Fig. 9-29, 
and also has provision for short-circuiting the 
modulation transformer secondary when c.w. is 
to be used. 
The au:lio input transformer is not built into 

this unit, it being assumed that this transformer 
will be included in the driver assembly as is cus-
tomary. If the modulator and speech amplifier-
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PLATE 
5.(PPLV 

Fig. 9-29 — Circuit diagram of the Class B modulator. 

CI, C2, Li — See text. (Li is Chicago Transformer type 
SI1 

1(1-1).p.d.t. relay, high-voltage insulation (Advance 
type 400). 

M — .I.c. tnilliammeter, bakelite case. 
T1 — Variable-ratio  ditilation transformer (Chicago 

Transformer type CMS-1). 
T2 - Filament transforincy, 6.3 v., 8 amp. 
It — 6.3-volt pilot light. 
Xi, X2 — Chassis-type 115-volt plugs, male. 
X - Chassie-type 115-volt receptacle, female. 
Si — S.p.s.t. toggle. 

driver are mount e, in the same rack or cabinet 
the length of lea t Is from the driver to the modu-
lator grids presents no problem. The bias required 
by the modulator tubes at their higher plate-
voltage ratings should be fed through the center-
tap on the secondary of the driver transformer. 
At a plate voltage of 1000 or less no bias is needed 
and the center-tap connection on the transformer 
can be grounded. 
The values of et, C2 and Lt depend on the 

modulating impedance of the Class C r.f. ampli-
fier. They can be determined from the formulas 
given in this chapter in the section on high-level 
clipping atol fillt.ring. The splatter filter will be 
effective regardless of whether the modulator 
operat ing conditions are chosen to give high-level 
clipping, but it is worth-while to design the sys-
tem for clipping at 100 per cent modulation if 
the tube curves are available for that purpose. 
The voltage ratings for C1 and C2 should at least 
equal the d.c. voltage applied to the modulated 
r.f. amplifier. 
A relay with high-voltage insulation (actually 

an antenna relay) is used to short-circuit the 

Fig. 9-30 — The filament transformer is mounted below 
the chassis. The relay is used as described in the text. 
C1 and C2 are  •€1 on small stand-off insulators on 
the chassis wall. 

secondary of 7'1 when the relay coil is not ener-
gized. A normally-closed contact is used for this 
purpose. The other arm is used to close the 
primary circuit of the modulator plate supply 
when the relay is energized. Shorting the trans-
former secondary is necessary when the r.f. 
amplifier is keyed, to prevent an inductive dis-
charge from the transformer winding that would 
put " tails" on the keyed eharacters and, with 
cathode keying of the amplifier, would cause 
excessive sparking at the key contacts. The con-
trol circuit should be arranged in such a way that 
ti t is not energized during c.w. operation but is 
energized by the send-receive switch during 
'phone operation. 

Careful attention should be paid to insulation 
since the instantaneous voltages in t he seeondary 
circuit of the transformer will Is. at least twice 
the d.c. voltage on the r.f. amplifier. Stand-off 
insulators are used in this unit wherever neces-
sary, including the mounting for the relay. 
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Checking Amplifier Operation 

An adequate job of checking speech amplifiers 
can be done with equipment that is neither 
elaborate nor expensive. A simple set-up is shown 
in Fig. 9-31. The construction of a simple audio 
oscillator is described in the chapter on measure-
ments. The audio-frequency voltmeter can be 
either a vacuum-tube voltmeter or a multirange 
volt-ohm-milliammeter that has a rectifier-type 
it.c. range. The headset is included for aural 
checking of the amplifier performance. 
An audio oscillator usually will have an out-

put control, but if the maximum output voltage 
is in excess of a volt or so the output setting may 
be rather critical when a high-gain speech ampli-
fier is being tested. In such cases an attenuator 
such as is shown in Fig. 9-31 is a convenience. 
Each of the two voltage dividers reduces the 
voltage by a factor of roughly 10 to 1, so that the 
over-all attenuation is about 100 to 1. The rela-
tively low value of resistance, 114, across the input 
terminals of the amplifier also will minimize stray 
hum pick-up on the connecting leads. 
As a preliminary check, cover the microphone 

input terminals with a metal shield (with the 
audio oscillator and attenuator disconnected) 
and, while listening in the headset, note the hum 
level with the amplifier gain control in the off 
position. The hum should be very low under 
these conditions. Then increase the gain-control 
setting to maximum and observe the hum; it will 
no doubt increase. Next connect the audio oscil-
lator and attenuator and, starting from minimum 
signal, increase the audio input voltage until the 
voltmeter indicates full power output. (The volt-
age should equal N/PR, where P is the expected 
power output in watts and R is the load resistance 
— R6 in the diagram.) Vhile increasing the input, 
listen carefully to the tone to see if there is any 
change in its character. When it begins to sound 
like a musical octave instead of a single tone, 
distortion is beginning. Assuming that the output 
is substantially without audible distortion at full 
output, substitute the microphone for the audio 
oscillator and speak into it in a normal tone while 
watching the voltmeter. Reduce the gain-control 
setting until the meter " kicks" nearly up to the 
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full-power reading on voice peaks. Note the hum 
level, as read on the voltmeter, at this point; the 
hum level should not exceed one or two per cent 
of the voltage at full output. 

If the hum level is too high, the amplifier stage 
that is causing the trouble can be located by 
temporarily short-circuiting the grid of each tube 
to ground, starting with the output amplifier. 
When shorting a particular grid makes a marked 
decrease in hum, the hum presumably is coming 
from a preceding stage, although it is possible 
that it is getting its start in that particular grid 
circuit. If shorting a grid does not decrease the 
hum, the hum is originating either in the plate 
circuit of that tube or the grid circuit of the next. 
Aside from wiring errors, a defective tube, or 
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Fig. 9-32 — Test set-up using the oscilloscope to check 
for distortion. These connections will result in the type 
of pattern shown in Fig. 9-33, the horizontal sweep being 
provided by the audio input signal. For waveform pat-
terns, omit the connection between the audio oscillator 
and the horizontal amplifier in the 'scope, and use the 
horizontal linear sweep. 

inadequate plate-supply filtering, objectionable 
hum usually originates in the first stage of the 
amplifier. 

If distortion occurs below the point at which 
the expected power output is. secured, the stage 
in which it is occurring can be located by working 
from the last stage toward the front end of the 
amplifier, applying a signal to each grid in turn 
from the audio oscillator and adjusting the signal 
voltage for maximum output. In the case of 
push-pull stages, the signal may be applied to the 
primary of the interstage transformer — after 
disconnecting it from the plate-voltage source. 
Assuming that normal design principles have 
been followed and that all stages are theoretically 
working within their capabilities, the probable 
causes of distortion are wiring errors (such as 

accidental short-circuit of a cathode re-
sistor), defective components, or use of 
wrong values of resistance in cathode and 
plate circuits. 

Fig. 9-31 — Simple test set-up fg elieeking a speech amplifier. 
It is not necessary that the frequency ra ige of the audio 
oscillator be continuously variable; a numl er of -spot fre-
quencies, or even one such frequency, wil be satisfactory. 
Suitable resistor values are: Ri and Rs, 10,001 ohms; Ra and R4, 
1000 ohms; Rn, rated load resistance for amplifier output stage; 
Rs determine by trial for comfortable headphone level (25 to 
100 ohms, ordinarily). V is a high-resistance a.c. voltmeter, 
multirange rectifier type. 

Using the Oscilloscope 

Speech-amplifier checking is facilitated 
considerably if an oscilloscope of the type 
having amplifiers and a linear sweep cir-
cuit is available. A typical set-up for 
using the oscilloscope is shown in Fig. 
9-32. With the connections shown, the 
sweep circuit is not required but hori-
zontal and vertical amplifiers are neces-
sary. Audio voltage from the oscillator is 
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fed directly to one oscilloscope amplifier (hori-
zontal in this case) and the output of the speech 
amplifier is connected to the other. The 'scope 
amplifier gains should be adjusted so that each 
signal gives the same line length with the other 
signal shut off. 

Under these conditions, when the input and 
output signals are applied simultaneously they 
are compared directly. If the speech amplifier is 
distortion-free and introduces no phase shift, the 
resulting pattern is simply a straight line, as 
shown at the upper left in Fig. 9-33, making an 
angle of about .15 degrees with the horizontal and 
vertical axes. If there is no distortion but there 
is phase shift, the pattern will be a smooth 
ellipse, as shown at the upper right. The greater 
the phase shift the greater the tendency of the 
ellipse to grow into a circle. When there is even-
harmonic distortion in the amplifier one end of 
the line or ellipse becomes curved, as shown in 
the second row in Fig. 9-33. With odd-harmonic 
distortion such as is characteristic of overdriven 
push-pull stages, the line or ellipse is curved at 
both ends. 

Patterns such as these will be obtained when 
the input signal is a fairly good sine wave. They 
will tend to become complicated if the input 
waveform is complex and the speech amplifier 
introduces appreciable phase shifts. It is there-
fore advisable to test for distortion with an input 
signal that is as nearly as possible a sine wave. 
Also, it is best to use a frequency in the 500-1000 
cycle range, since improper phase shift in the 
amplifier is usually least in this region. Phase 
shift in itself is not of great importance in an 
audio amplifier of ordinary design because it does 
not change the character of speech so far as the 
ear is concerned. However, if a complex signal is 
used for testing, phase shift may make it difficult 
to detect distortion in the oscilloscope pattern. 

In amplifiers having negative feed-back, ex-
cessive phase shift within the feed-back loop may 
cause self-oscillation, since the signal fed back 
may arrive at the grid in phase with the applied 
signal voltage instead of out of phase with it. 
Such a phase shift is most likely to lw associated 
with the output transformer. Oscillation usually 
occurs at some frequency above 10,000 cycles, 
although occasionally it will occur at a very low 
frequency. If the pass-band in the stage in which 
the phase shift occurs is deliberately restricted to 
the optimum voice range, as described earlier, the 
gain at both very high and very low frequencies 
will be so low that self-oscillation is unlikely, 
even with large amount s of feed-back. 

Generally speaking, it is easier to detect small 
amounts of distortion with the type of pattern 
shown in Fig. 9-33 than it is with the waveform 
pattern obtained by feeding the output signal to 
the vertical plates and making use of the linear 
sweep in the 'scope. However, the waveform pat-
tern can be used satisfactorily if the signal from 
the audio oscillator is a reasonably good sine 
wave. One simple method is to examine the out-
put of the oscillator alone and trace the pattern 
on a sheet of transparent paper. The pattern 
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Fig. 9-33 — Typical patterns obtained with the connec-
tions shown in Fig. 9-32. Depending on the number of 
stages in the amplifier, the pattern may 4.p., upward 
to the right, a. .hown, or upward to the left. Also, de-
pending on m h.•re the distortion originate., the curva-
ture in the second row may appear either at the top or 
bottom of the line or ellipse. 

given by the output of the amplifier can then be 
compared with the "standard" pattern by ad-
justing the oscilloscope gain to make the two 
patterns coincide as closely as possible. The pat-
tern discrepancies are a measure of the distortion. 

In using the oscilloscope care must be taken to 
avoid introducing hum voltages that will upset 
the measurements. Hum pick-up on the 'scope 
leads or other exposed parts such as the amplifier 
load resistor or the voltmeter can be detected by 
shutting off the audio oscillator and speech am-
plifier and connecting first one and then the other 
to the vertical plates of the 'scope, setting the 
internal horizontal sweep to an appropriate 
width. The trace should be a straight horizontal 
line when the vertical gain control is set at the 
position used in the actual measurements. Wavi-
ness in the line indicates hum. If the hum is not 
in the 'scope itself (check by disconnecting the 
leads at the instrument) make sure that there is 
a good ground connection on all the equipment 
and, if necessary, shield the hot leads. 
The oscilloscope can be used to good advantage 

in stage-by-stage testing to cheek waveforms at 
the grid and plate of each stage and thus to de-
termine rapidly where a source of trouble may be 
located. When the 'scope is connected to circuits 
that are not at ground potential for d.c.. a con-
denser of about 0.1 iafd. should be connected in 
series with the hot oscilloscope lead. The probe 
lead should be shielded so that it will not pick up 
hunt 
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Amplitude Modulation 
The type of modulation most commonly em-

ployed in amateur radiotelephony is called am-
plitude modulation (AM). The name arises from 
the fact that the methods of generating a modu-
lated wave of a particular type all accomplish 
the desired result by varying the instantaneous 
amplitude of the r.f. output of the transmitter. 
As described in the chapter on circuit funda-
mentals, the process of modulating a signal sets 
up groups of frequencies called sidebands, these 
sidebands appearing both above and below the 
frequency of the unmodulated signal or carrier. 
An amplitude-modulated signal actually con-
sists of a carrier which does not vary in amplitude 
plus sets of side frequencies or sidebands which 
in turn may or may not vary in amplitude. 
Modulation by a single-frequency, constant-
amplitude tone, for example, sets up side fre-
quencies that do not vary in amplitude. Modu-
lation by voice sets up bands of side frequencies 
that do vary with the amplitude of the speech. 

Amplitude modulation is frequently described 
as a process of " varying the amplitude of the 
carrier." A variation in amplitude does take 
place, when the composite signal as a whole is 
viewed in a circuit that accepts equally well all 
frequencies, carrier and sidebands, contait ut I in 
the signal. The total r.f. output amplitude varies 
at the modulation-frequency rate because it is 
the resultant of the instantaneous amplitudes of 
the carrier and all side frequencies, which con-
tinually vary (at radio frequency) in both ampli-
tude and phase relationships. Misunderstanding 
often occurs because commonly no distinction is 
made between the carrier, which does not vary 
in amplitude at modulation frequency, and the 
signal as a whole, which does vary in amplitude 
with modulation. In this chapter the term 
"signal" is used for the composite effect of 
carrier plus sidebands. 

It is illuminating to consider amplitude modu-
lation as a process of frequency conversion or 
mixing, in which case the relationship between 
the carrier, modulating frequencies, and side-
bands is straightforward (see chapter on funda-
mentals). 'I'he amplitude variations in the signal 
arise as a result of the mixing process. These 
amplitude variations are highly important from 
a design standpoint, since they set up certain 
power requirements that must be met, so they 
are considered in detail in this chapter. 

AM Sidebands and Channel Width 

As described in the chapter on fundamentals, 
combining or mixing two frequencies in an ap-
propriate circuit gives rise to sum and difference 
frequencies. Speech can be electrically repro-
duced, with high intelligibility, in a band of fre-

quencies lying between approximately 100 and 
3000 cycles. When these frequencies are combined 
with a radio-frequency carrier, the sidebands 
occupy the frequency spectrum from about 3000 
cycles below the carrier frequency to 3000 cycles 
above — a total band or " channel" of about 
6 kilocycles. Actual speech frequencies extend 
up to 10,000 cycles or so, so it is possible to oc-
cupy a 20-kc. channel if no provision is made for 
reducing its width. For communication purposes 
such a channel width represents a waste of val-
uable spectrum space, since a 6-kc. channel is 
fully adequate for intelligibility. Occupying more 
than the minimum channel creates unnecessary 
interference, so speech equipment and transmitter 
adjustment and operation should be pointed 
toward maintaining the channel width at the 
minimum. 

• THE MODULATED SIGNAL 
In Fig. 10-1, the drawing at A shows the un-

modulated r.f. signal, assumed to be a sine wave 
of the desired radio frequency. The graph can be 
taken to represent either voltage or current. 

In B, the signal is assumed to be modulated by 
the audio-frequency shown in the small drawing 
above. This frequency is much lower than the 
carrier frequency, a necessary condition for good 
modulation, and always the case in radiotele-
phony because the audio frequencies used are 
very low compared with the radio frequency of 
the carrier. When the modulating voltage is 
"positive" (above its axis) the signal amplitude 
is increased above its unmodulated amplitude; 
when the modulating voltage is " negative" the 
signal amplitude is decreased. Thus the signal 
grows larger and smaller with the polarity and 
amplitude of the ino(hilating voltage. 
The drawings at ( ' shows what happens with 

stronger modulation. The amplitude is doubled 
at the instant the modulating voltage reaches its 
positive peak. On the negative peak of the modu-
lating voltage the amplitude just reaches zero; 
in other words, the signal is completely modu-
lated. 

Percentage of Modulation 

When a modulated signal is detected in a re-
ceiver, the detector eliminates the carrier and 
takes from it the modulation. The stronger the 
modulation, therefore, the greater is the useful 
receiver output. Obviously, it is desirable to make 
the modulation as strong or " heavy" as possible. 
A wave modulated as in Fig. 10-1C would pro-
duce considerably more useful audio output than 
the one shown at B. 
The " depth" of the modulation is expressed 
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as a percentage of the unmodulated carrier am-
plitude. In either B or C, Fig. 10-1, X represents 
the unmodulated carrier amplitude, Y is the 
maximum amplitude on the modulation up-peak, 
and Z is the minimum amplitude on the modula-
tion downpeak. 
The outline of the modulated wave is called 

the modulation envelope. It is shown by the 
thin line outlining the patterns in Fig. 10-1. In 
a properly-operating modulation system either 
side of this outline s an accurate reproduction 

(A) 

Wave.s1w of 
Voltage 

(B) Y   

of 
ee. Voltage 

Fig. 10-1 — Craphica representati (( of ( A) r.f. output 
unmodulated, (B) modulated 50%, (C) modulated 
100%. 

of the modulating wave, as can be seen in Fig. 
10-1 at B and C by comparing the upper outline 
of the modulation envelope with the waveshape 
of the modulating wave. The lower outline du-
plicates the upper, but simply appears upside 
down in the drawing. 
The percentage of modulation is 

Y — X 
%Mod. = X 100 (upward modulation), or 

X 

% Mod. — X — ZX 100 (downward modulation) 
X 

If the waveshape of the modulation is such that 
its peak positive and negative amplitudes are 
equal, then the modulation percentage will be 
the same both up and down. If the two percen-
tages differ, the larger of the two is customarily 
specified. 

Power in Modulated Wave 

The amplitude values shown in Fig. 10-1 cor-
respond to current or voltage, so the drawings 
may be taken to represent instantaneous values 
of either. Now power varies as the square of 
either the current or voltage, so at the peak of 
the modulation up-swing the instantaneous 
power in the signal of Fig. 10-1C is four times the 
unmodulated carrier power (because the current 
and voltage both are doubled). At the peak of 

the down-swing the power is zero, since the 
amplitude is zero. These statements are true of 
100 per cent modulation no matter what the 
waveform of the modulation. The instantaneous 
power in the modulated signal is proportional to 
the square of its amplitude at every instant. This 
fact is highly important in the operation of every 
method of amplitude modulation. 

It is convenient, and customary, to describe 
the operation of modulation systems in terms of 
sine-wave modulation. Although this waveshape 
is seldom actually used in practice (voice wave-
shapes depart very considerably from the sine 
form) it lends itself to simple calculations and 
its use as a standard permits comparison bet ween 
systems on a common basis. With sine-wave 
modulation the power in the modulated signal 
averaged over any number of full cycles of the 
modulation frequency is found to be 1! 2 times 
the power in the unmodulated carrier. In other 
words, the power output increases 50 per cent 
with 100 per cent modulation by a sine wave. 
This relationship is very useful in the design of 
modulation systems and modulators, since any 
such system that is capable of increasing the 
average power output by 50 per cent with sine-
wave modulation automatically fulfills the re-
quirement that the instantaneous power at the 
modulation up-peak be four times the carrier 
power. No such simple relationship exists with 
complex waveforms, consequently systems in 
which the additional power is supplied from out-
side the modulated r.f. stage (e.g., plate modula-
tion) usually are designed on a sine-wave basis 
as a matter of convenience. Modulation systems 
in which the additional power is secured from the 
modulated r.f. amplifier (e.g., grid modulation) 
usually are more conveniently designed on the 
basis of peak power rather than average power. 
The extra power that is contained in a modu-

lated signal goes entirely into the sidebands, half 
in the tqq)er sideband and half in the lower. As a 
aumenta I example, full modulation of a 100-
wat t carrier by a sine wave will add 50 watts of 
si,leband power, 25 in the lower and 25 in the 
upper sideband. Supplying this additional power 
for the si(lei)ands is the object of all of the various 
systems devised for amplitude modulation. 
Complex waveforms such as speech do not, as 

a rule, contain as much average power as a sine 
wave. Ordinary speech waveforms have about 
half as much average power as a sine wave, for 
the same peak amplitude in both waveforms. 
Since it is the peak amplitude, not the average 
power, that determines the percentage of modu-
la fion, the si(leband power with ordinary speech 
averages only about half the power with sine-
wave modulation, for the same modulation per-
centage in both vases. 

Unsymmetrical Modulation 

In an ordinary electric circuit it is possible to 
increase the amplitude of current flow indefi-
nitely, up to the limit of the power-handling 
capability of the components, but it cannot very 
well be decreased to less than zero. The same 
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Fig. 10-2 — Modulation by an unsymmetrical wave-
form. This drawing shows 100% downward modula-
t.  along with 300% upward modulation. There is no 
distortion, since the modulation envelope is an accurate 
reproduction of the waveform of the modulating 
vol tage. 

thing is true of the amplitude of an r.f. signal; it 
can be modulated upward to any desired extent, 
but it cannot be modulated downward more than 
100 per cent. 
When the modulating waveform is unsymme-

trical it is possible for the upward and down-
ward modulation percentages to be different. A 
simple case is shown in Fig. 10-2. The positive 
peak of the modulating signal is about 3 times 
the amplitude of the negative peak. If, as shown 
in the drawing, the modulating amplitude is ad-
justed so that the peak downward modulation 
is just 100 per cent (Z 0) the peak upward 
modulation is 300 per cent (Y = 4X). The car-
rier amplitude is represented by X, as in Fig. 
10-1. The modulation envelope reproduces the 
waveform of the modulating signal accurately, 
hence there is no distortion. In such a modulated 
signal the increase in power output with modu-
lation is considerably greater than when the 
modulation is symmetrical and has to be limited 
to 100 per cent both up and down. However, the 
peak amplitude, Y, is four times the carrier am-
plitude, X, so the peak power is 16 times the 
carrier power. When the upward modulation is 
more than 100 per cent the peak power capacity 
of the modulating system obviously must be in-
ereased sufficiently to take care of the much 
larger peak amplitudes. 

Overmodulation 

If the amplitude of the modulation on the 
downward swing becomes too great, there will 
be a period of time during which the output is 
entirely cut off. This is shown in Fig. 10-3. The 
shape of the downward half of the modulating 
wave is no longer accurately reproduced by the 
modulation envelope, consequently the modula-
tion is distorted. Operation of this type is called 
overmodulation. The distortion of the modula-
tion envelope causes new frequencies to be gen-
erated (harmonics of the modulating frequency, 
which combine with the carrier to form new 
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sidebands correspondingly spaced from the car-
rier frequency) that widen the channel occupied 
by the modulated signal. These spurious fre-
quencies are commonly called "splatter." 

It is important to realize that the channel 
occupied by an amplitude-modulated signal is 
dependent on the waveshape of the modulation 
envelope. If this waveshape is complex and can 
be resolved into e wide band of audio frequencies, 
then the channel occupied will be correspondingly 
large. The modulation-envelope waveshape shown 
in Fig. 10-3 will contain a large number of har-
monics of the original sine-wave frequency of 
the modulating w; ive because of the sharp cor-
ners in the waveshape when it is " clipped" at 
the zero axis. However, if the original modulat-
ing wave had had exactly this same shape the 
channel oecupied by the modulated signal would 
be exactly t he same. Basically, it is not the fact 
that the signal cannot be modulated more than 
100 per cent downward that causes splatter, but 
the fact that any distorted waveshape contains 
higher frequencies than were present in the 
original undistorted wave. A wave that is effi-
ciently clipped, as is the case with the waveshape 
shown in Fig. 10-3, will contain a wider range of 
spurious frequencies than one in which there are 
no highly abrupt ehanges in amplitude. 

Fig. 10-3— An overmodulated signal. The modulation 
envelope is not an accurate reproduction of the wave-
form of the modulating voltage. This or any type of 
distortion occurring during the modulation process 
generates spurious sidehands or "splatter." 

Because of this clipping action at zero ampli-
tude, it is important that care be taken to pre-
vent applying too large a modulating signal in 
the downward direction. Overmodulation results 
in more splatter than is caused by most other 
types of distortion in a 'phone transmitter. 

• GENERAL REQUIREMENTS 
For proper op.ration of an amplitude-modu-

lated transmitter there are a few general require-
ments that must be met no matter what par-
ticular method of modulation may be used. 
Failure to meet them is accompanied by unde-
sirable effects, principally distortion of the modu-
lation envelope that increases the channel width 
as compared with that required by the legitimate 
frequencies contained in the original modulating 
wave. 
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Frequency Stability 

For satisfactory amplitude modulation, the 
carrier frequency must be entirely unaffected by 
modulation. If the application of modulation 
causes a change in the carrier frequency, the fre-
quency will wobble back and forth with the mod-
ulation. This causes distortion and widens the 
channel taken by the signal. Thus unnecessary 
interference is caused to other transmissions. 

In practice, this undesirable frequency modu-
lation is prevented by applying the modulation 
to an r.f. amplifier stage that is isolated from 
the frequency-controlling oscillator by a buffer 
amplifier. Amplitude modulation applied di-
rectly to an oscillator always is accompanied by 
frequency modulation. Under existing FCC regu-
lations amplitude modulation of an oscillator is 
permitted only on frequencies above 144 Mc. 
Below that frequency the regulations require 
that an amplitude-modulated transmitter be 
completely free from frequency modulation. 

Linearity 

At least up to the limit of 100 per cent upward 
modulation, the amplitude of the r.f. output 
should be directly proportional to the amplitude 
of the modulating wave. Fig. 10-4 is a graph of 
an ideal modulation characteristic, or curve 
showing the relationship between r.f. output 
amplitude and instantaneous modulation am-
plitude. The modulation swings the r.f. ampli-
tude back and forth along the curve A, as the 
modulating voltage alternately swings positive 
and negative. Assuming that the negative peak 
of the modulating wave is just sufficient to re-
duce the r.f. output to zero (modulating voltage 
equal to —1 in the drawing), the same modulat-
ing voltage peak in the positive direction (+ 1) 
should cause the r.f. amplitude to reach twice 

_10D% MODULATION UP-PEAX A 

B 

CARRIER AMPLITUDE 

o 

MODULATING SIGNAL 
+1 

Fig. 10-4 — The modulation characteristic shows the 
relationship between the instantaneous amplitude of the 
r.f. output current (or voltage) and the instantaneous 
amplitude of the modulating voltage. The ideal charac-
teristic is a straight line, as shown by curve A. 

CHAPTER 10 

its unmodulated value. The ideal is a straight 
line, as shown by curve A. Such a modulation 
characteristic is perfectly linear. 
A nonlinear characteristic is shown by curve 

B. The r.f. amplitude does not reach twice the 
unmodulated carrier amplitude when the mod-
ulating voltage reaches its positive peak. A mod-
ulation characteristic of this type gives a modu-
lation envelope that is "flattened" on the up-
peak; in other words, the modulation envelope 
is not an exact reproduction of the modulating 
wave. It is therefore distorted and harmonics 
are generated, causing the transmitted signal to 
occupy a wider channel than is necessary. A 
nonlinear modulation characteristic can easily 
result when a transmitter is not properly de-
signed or is misadjusted. 
The modulation capability of the transmitter 

is the maximum percentage of modulation that 
is possible without objectionable distortion from 
nonlinearity. The maximum capability can never 
exceed 100 per cent on the down-peak, but it is 
possible for it to be higher on the up-peak. The 
modulation capability should be as close to 
100 per cent as possible, so that the most effec-
tive signal can be transmitted. 

Plate Power Supply 

The d.c. power supply for the plate or plates 
of the modulated amplifier should be well fil-
tered; if it is not, plate-supply ripple will modu-
late the carrier and cause annoying hum. The 
ripple voltage should not be more than about 1 
per cent of the d.c. output voltage. 

In amplitude modulation the plate current 
varies at an audio-frequency rate; in other words, 
an alternating current is superimposed on the 
d.c. plate current. The output filter condenser in 
the plate supply must have low reactance, at the 
lowest audio frequency in the modulation, if the 
transmitter is to modulate equally well at all 
audio frequencies. The condenser capacitance re-
quired depends on the ratio of d.c. plate current 
to plate voltage in the modulated amplifier. The 
requirements will be met satisfactorily if the ca-
pacitance of the output condenser is at least 
equal to 

C = 25 — 
E 

where C =-- Capacitance of output condenser in 
¡dd. 

/ = D.c. plate current of modulated 
amplifier in milliamperes 

E = Plate voltage of modulated ampli-
fier 

Example: A modulated amplifier operates at 1250 volts 
and 275 ma. The capacitance of the output condenser in 
the plate-supply filter should be at least 

275  
C = 25 — = 25 X  = 25 X 0.22 = 5.5 mfd. 

E 1250 

Modulation Systems 

An amplitude-modulated signal can be gen-
erated by a variety of methods, the only pres-
ently-used ones being those in which a modulat-
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ing voltage is applied to one or more tube ele-
ments in an r.f. amplifier. The proper object of 
all methods is to generate an r.f. signal having a 
modulation envelope which reproduces the wave-
form of the modulating voltage with as little dis-
tortion as possible. 

'The methods described in this chapter are the 
basic ones. There are many specialized variations, 
usually involving some form of grid modulation 

with the object of increasing the rather low plate 
efficiency that is an inherent characteristic of 
grid modulation. Such systems, when they actu-
ally achieve substantially distortionless modula-
tion, are rather complicated circuitwise, are 
difficult to adjust and are not well adapted to 
rapid frequency change. They have so far hail 
little or no lasting application in amateur com-
munication. 

Amplitude Modulation Methods 

• PLATE MODULATION 
The most popular system of amplitude mod-

ulation is plate modulation. It is the simplest 
to apply, gives the highest efficiency in the mi el-
ulated amplifier, and is the easiest to adjust for 
proper operation. 

Fig. 10-5 shows the most widely-used system 
of plate modulation, in this case with trimly r.f. 
tubes. A balanced (push-pull Class A, Class AB 
or Class It) modulator is transformer-coupled to 
the plate circuit of the modulated r.f. amplifier. 
The audio-frequency power generated by the 
modulator is combined with the d.c. power in the 
modulated-amplifier plate circuit by transfer 
through the coupling transformer, 7'. For 100 
per cent modulation the audio-frequency output 
of the modulator and the turns ratio of the cou-
pling transformer must be such that the voltage 
at the plate of the modulated amplifier varies 
between zero and twice the d.c. operating plate 
voltage, thus causing corresponding variations 
in the amplitude of the r.f. output. 

+B +Et 

Fig. 10-5 — Plate modulation of a Class C r.f. amplifier. 
The r.f. plate by-pass condenser. C, in the amplifier 
stage should have rea-onalds high reactance at audio 
frequencies. A value th;• order of 0.001 pfd. to 
0.005 dd. is satisfactory in practically all cases. (See 
chapter on  dulators.) 

Audio Power 

As stated earlier, the average power output 
of the modulated stage must increase during 
modulation. The modulator must be capable of 
supplying to the modulated r.f. stage sine-wave 
audio power equal to 50 per cent of the d.c. plate 
input. For example, if the d.c. plate power input 
to the r.f. stage is 100 watts, the sine-wave audio 
power output of the modulator must be 50 watts. 

Modulating Impedance; Linearity 

The modulating impedance, or load resistance 
presented to the modulator by the modulated 
r.f. amplifier, is equal to 

Zm Eb 
= —/ p X 1000 ohms 

where El, = D.c. plate voltage 
I. = D.c. plate current (ma.) 

and /,, are measured without modulation. 
The power output of the r.f. amplifier must 

vary as the square of the instantaneous plate 
voltage (the r.f. voltage must be proportional to 
the plate voltage) in order for the modulation to 
be linear. This will be the case when the ampli-
fier operates under Class C conditions. The 
linearity depends upon having sufficient grid 
excitation and proper bias, and upon the adjust-
ment of circuit constants to the proper values. 

Adjustment of Plate-Modulated Amplifiers 

The general operating conditions for Class C 
operation are described in the chapter on trans-
mitters. The grid bias and grid current required 
for plate modulation usually are given in the 
operating data supplied by the tube manufac-
turer; in general, the bias should be such as to 
give an operating angle of about 120 degrees at 
the d.c. plate voltage used, and the grid excita-
tir in should be great enough so that the ampli-
fier's plate efficiency will stay constant when the 
plate voltage is varied over the range front zero 
to twice the unmodulated value. For best linear-
ity, the grid bias should be obtained partly from 
a fixed source of about the cut-off value, and then 
supplemented by grid-leak bias to supply the 
remainder of the required operating bias. 
The maximum permissible d.c. plate power 

input for 100 per cent modulation is twice the 
sine-wave audio-frequency power output avail-
able from the modulator. This input is obtained 
by varying the loading on the amplifier (keeping 
its tank circuit tutted to resonance) until the 
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product of d.c. plate voltage and plate current is 
the desired power. The modulating impedance 
under these conditions must be transformed to 
the proper value for the modulator by using the 
correct output-transformer turns ratio. This 
point is considered in detail in the chapter on 
modulator design. 

Neutralization, when triodes are used, should 
he as nearly perfect as possible, since regenera-
tion may cause nonlinearity. The amplifier also 
must be completely free from parasitic oscilla-
tions. 

Although the total power input (d.c. plus 
audio-frequency a.c.) increases with modulation, 
the d.c. plate current of a plate-modulated am-
plifier should not change when the stage is modu-
lated. This is because each increase in plate volt-
age and plate current is balanced by an equiva-
lent decrease in voltage and current on the next 
half-cycle of the modulating wave. D.c. instru-
ments cannot follow the a.f. variations, and since 
the average d.c. plate current and plate voltage 
of a properly-operated amplifier do not change, 
neither do the meter readings. A change in plate 
current with modulation indicates nonlinearity. 
On the other hand, a thermocouple r.f. am-
meter connected in the antenna or transmission 
line will show an increase in r.f. current with 
modulation, because instruments of this type 
respond to power rather than to current or 
voltage. 

Screen-Grid Amplifiers 

Screen-grid tubes of the pentode or beam-
tetrode type can be used as Class C plate-modu-
lated amplifiers by applying the modulation to 
both the plate and screen grid. The usual method 
of feeding the screen grid with the necessary. d.c. 
and modulation voltage is shown in Fig. 10-6. 
The dropping resistor, R, should be of the proper 
value to apply normal d.c. voltage to the screen 
under steady carrier conditions. Its value can be 
calculated by taking the difference between plate 
and screen voltages and dividing it by the rated 
screen current. 

CLASS - C 
AMP 

Excitation 

1. RFC 

Grid 
teak 

-C +SUP -Ê 

+8 

Et. 

Mod 

Fig. 10-6 — Plate and screen modulation of a Class C 
r.f. amplifier using a screen-grid tube. The plate r.f. 
by-pass condenser, CI, should have reasonably high 
reactance at all audio frequencies: a value of 0:001 to 
0.005 ufil. is generally satisfact.rv. The sereen by-pass, 
C2, should lie 0.002 pit'. or lc-- iii. the usual 
When the modulated amplifier is a beam tetrode the 

suppressor connection shown in this diagram may be 
ignored. If a base te al is provided on the tube 
for the beam-forming plates, it should be connected as 
recommended by the manufacturer. 

The modulating impedance is found by divid-
ing the d.c. plate voltage by the sum of the plate 
and screen currents. The plate voltage multiplied 
by the sum of the two currents gives the power 
input to be used as the basis for determining the 
audio power required from the modulator. 

CLASS C 
AMR 

0-1 
R. F 

Excitation 

D.C.SCREEN +8 

F t. 

SUPPLY 

Fig. 10-7 — Plate modulation of a beam tetrode, using 
an audio impedance in the screen circuit. The value of 
LI is discussed in the text. See Fig. 10-6 for data on by-
pass capacitors Ci and C. 

Modulation of the screen along with the plate 
is necessary because the screen voltage has a 
much greater effect on the plate current than 14 
plate voltage does. Very little modulai ion takes 
place and the modulation characteristic is non-
linear if the plate alone is modulated. However, 
beam tetrodes can be modulated satisfactorily 
by applying the modulating power to the plate 
circuit alone, provided the screen is " floating" 
at audio frequencies — that is, is not grounded 
for a.f. but is connected to its d.c. supply through 
an audio impedance. The circuit is shown in 
Fig. 10-7. The choke coil L1 is the audio imped-
ance in the screen circuit; its inductance should 
be large enough to have a reactance (at the lowest 
desired audio frequency) that is not less than the 
impedance of the screen. The latter can be taken 
to be approximately equal to the d.c. screen 
voltage divided by the d.c. screen current. 

Choke-Coupled Modulator 

One of the oldest types of modulation system 
is the choke-coupled Class A modulator shown 
in Fig. 10-8. Because of the relatively low power 
output and plate efficiency of a Class A ampli-
fier, the method is seldom used now except for a 
few special applications. The audio power output 
of the modulator is combined with the d.c. power 
in the plate circuit, just as in the case of the 
transformer-coupled modulator. However, there 
is considerably less freedom in adjustment, since 
no transformer is available for matching im-
pedances. 
The modulating impedance of the r.f. amplifier 

must be adjusted to the value of load impedance 
required by t he particular moululator tube used, 
and the power input to the r.f. stage must not 
exceed twice the rated a.f. power output of the 
modulator. A complication is the fact that the 
plate voltage on the modulator must be higher 
than the plate voltage on the r.f. amplifier, for 
100 per cent modulation. This is because the a.f. 
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Fig. 10-8 — Choke-coupled Class A modulator. The 
cathode resistor, 82, sl Id have the normal value for 
operation of the modulator tube as a Class A power 
amplifier. The modulation choke, Li, sl Id he 5 henrys 
or more. A value of 0.001 to 0.005 mfd. is satisfactory at 
C2, the r.f. amplifier plate by-pass condenser. See text 
for discussion of CI and Re. 

voltage developed by the modulator cannot swing 
to zero without a great deal of distortion. RI 
provides the necessary d.c. voltage drop between 
the modulator and r.f. amplifier, but its value 
cannot be calculated without using the published 
plate family of curves for the modulator tube 
used. The voltage drop through RI must equal 
the minimum instantaneous plate voltage on the 
modulator tube under normal operating condi-
tions. C1, an audio-frequency by-pass across lit, 
should have a capacitance such that its reactance 
at 100 cycles is not more than about one-tenth 
the resistance of RI. Without RiCi the percentage 
of modulation is limited to 70 to 80 per cent in 
the average case. 

• GRID MODULATION 

The principal disadvantage of plate modula-
tion is that a considerable amount of audio power 
is required. This requirement can be avoided by 
)plying the modulation to a grid element in the 

modulated amplifier. However, the convenience 
and economy of the low-power modulator must 
be paid for, since no modulation system gives 
something for nothing. The increased power out-
put that accompanies modulation is paid for, in 
the case of grid modulation, by a reduction in the 
carrier power output obtainable from a given r.f. 
amplifier tube, and by more rigorous operating 
requirements and more complicated adjustment. 
The term " grid modulation" as used here ap-

plies to all types — control grid, screen, or sup-
pressor — since the operating principles are ex-
actly the same no matter which grid is actually 

modulated. With grid modulation the plate volt-
age is constant, and the increase in power output 
with modulation is obtained by making both the 
plate current and plate efficiency vary with the 
modulating signal as shown in Fig. 10-9. For 
100 per cent nil 11 huai ion, both plate current and 
efficiency must, at the peak of the modulation 
up-swing, be twice their carrier values. Thus at 
the modulation peak the power input is doubled, 
and since the plate efficiency also is doubled at 
the same instant the peak output power will be 
four times the carrier power. The efficiency ob-
tainable at the peak depends on how carefully 
the modulated amplifier is adjusted, and some-
times can be as high as 80 per cent. It is generally 
less when the amplifier is adjusted for good line-
arity, and under average conditions a round figure 
of M, or 66 per cent, is representative. Since the 
carrier efficiency is only half the peak efficiency, 
the efficiency for carrier conditions, without 
modulation, is only about 33 per cent. Thus the 
carrier output is about one-fourth the power ob-
tainable from the same tube in c.w. operation, 
awl about one-third the carrier output obtainable 
from the tube with plate modulation. 
The modulator is required to furnish only the 

audio power dissipated in the modulated grid 
under the operating conditions chosen. A speech 
amplifier capable of delivering 3 to 10 watts is 
usually sufficient. 

Generally speaking, grid modulation does not 
give as linear a modulation characteristic as 
plate modulation, even under optimum operat-
ing conditions. When misadjusted the nonline-
arity may be severe, resulting in had distortion 
and splatter. I1owever, with careful adjustment 
it is capable of quite satisfactory results. 
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Fig. 10-9 — In a perfect grid-modulated amplifier both 
plate current and plate efficiency would vary with the in-
stantaneous modulating voltage as shown. V. hen this 
is so the modulation characteristic is as given by curve 
A in Fig. 10-4, and the peak output power is four times 
the unmodulated carrier power. The variations in plate 
current with modulation, indicated above, do not regis-
ter on a d.c. meter, so the plate meter shows no change 
when the signal is modulated. 
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Plate- Circuit Operating Conditions 

Thu I.e. plate power input to the modulated 
amplifier, assuming a round figure of (33 per 
c('nt) for the plate efficiency, should not exceed 
I' times the plate dissipation rating of the tube 
or tubes used in the modulated stage. It is gen-
erally best to use the maximum plate voltage 
permitted by the manufacturer's ratings, be-
cause the optimum operating conditions are more 
easily achieved with high plate voltage and the 
linearity also is improved. 

Example: Two tubes having plate dissipation 
ratings of 55 watts each are to be used with grid 
modulation. 
The maxi llllll n permissible power input, at 33' 
efficiency, is 
P -= 1.5 X (2 X 55) = 1.5 X 110 = 165 watts 
The maximum recommended plate voltage for 
these tubes is 1500 volts. Using this figure. the 
average plate current for the two tidies will be 

I' 165  
0.11 amp. = 110 ma. 

E 1500 

At 33% efficiency, the carrier output to be ex-
pected is 55 watts. 
The plate-voltage/plate-current ratio at Price 

carrier plate current is 

1500 
— = 6.8 
220 

The tank-circuit L/C ratio should be chosen on 
the basis of twice the average or carrier plate cur-
rent. If the L/C ratio is based on the plate volt-
age/plate current ratio under carrier conditions 
the Q may be too low for good coupling to the 
output circuit. 

Control-Grid Modulation 

Control-grid modulation may be used with any 
type of r.f. amplifier tube. A typical triode circuit 
is given in Fig. 10-10. The same circuit can be 
used with screen-grid tubes merely by supplying 
the normal value of screen voltage by any con-
venient means; however, the screen should be 
by-passed for audio (1 gfd. or more) as well as 

+a 

Fig. 10-10 — Control-grid modulation of a Class C am. 
plifier. The r.f. grid by-pass condenser, C, 511001(1 hare 
high reactance at audio frequencies (0.005 afd. or less). 

radio frequencies. The audio signal is inserted, 
by means of transformer T, ill series with the 
grid-bias lead. In a push-pull amplifier t he trans-
former is conneeted in the common bias lead. 

In control-grid mmlulation the d.e. grid bias is 
the same as in normal Class C amplifier service, 
but the r.f. grid excitation is somewhat smaller. 
The audio voltage superimposed on the d.c. I>ias 
changes the instantaneous grid bias at an audio 
rate, thus varying the operating conditions in the 
grid circuit and controlling the output and effi-
ciency of the amplifier. 
The change in instantaneous bias voltage with 

modulation causes the rectified grid current of 
the amplifier to vary, which places a variable 
load on the modulator. To reduce distortion, re-
sistor I? in Fig. 10-10 is connected in the output 
circuit of the modulator as a constant load, so 
that the over-all load variations will be minimized. 
This resistor should be equal to or somewhat. 
higher than the load into which the modulator 
tube is rated to work at normal audio output. 
It is a Is, recommended that the modulator tir-
cuit inc eporate as much negative feed-back as 
possible, as a furl her aid in reducing the internal 
resistance of the modulator and thus improving 
the " regulation" — that is, reducing the effect 
of load variations on the audio output voltage. 
The turns rat lo of transformer 7' should be about 
1 to 1 in most cases. 
The load on the r.f. driving stage also varies 

with modulation. This in turn will cause the ex-
citation voltage to vary which may cause the 
modulation characteristic to be nonlinear. To 
overcome it, the driver should be capable of two 
or three times the r.f. power output actually re-
quired to drive the amplifier. The excess power 
may be dissipated in a dummy load (such as an 
incandescent lamp of appropriate power rating) 
that then performs the same function in the r.f. 
circuit that resistor le d..s in t he audio circuit. 

'I'he tic. 1>ilts source in t his system should have 
low interlgil resistance. Batteries or a voltage-
regulate 4I supply are suitable. Grid-leak bias 
should not be used. 

Adjustment 

A control-grid modulated amplifier should 
be adjusted with tle• aid of an oscilloscope con-
nected as shown in Fig. 10-11. A tone source for 
modulating the transmitter is a convenience, 
since a steady tone will give a steady pattern on 
the oscilloscope. A stem iv pattern is easier to 
study than one that flickers with voice modula-
tion. 
Having determined the permissible carrier 

plate current as previously described, apply r.f. 
excitation and plate voltage and, without modu-
lation, adjust the plate loading to give the re-
quired plate current (keeping the plate tank 
circuit tuned to resonance). Next, apply modu-
lation and increase the modulating voltage until 
the modulation characteristic shows curvature 
(see later section in this chapter for use of the 
oscilloscope). If curvature occurs well below 100 
per cent modulation, the plate efficiency is too 
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10-11 — Using the oscilloscope for adjustment of a grid-modulated amplifier. 
The connections shown are for grid-bias modulation. With screen or suppressor 
modulation the connection to the horizontal plates of the 'scope should he taken 
front the grid being modulated; the r.f. pick-up arrangement remains unchanged. 
L and C should tune to the operating frequency, and may be coupled to the 

transmitter tank circuit through a twisted pair or coax, using single-turn links at 
each end. The 0.(t1-5fd. blocking condenser that couples the audio voltage to the 
horizontal plates of the oscilloscope 81)0111(1 have a voltage rating equal to at least 
twice the d.c. voltage on the grid that is being modulated. 

high. Increase the plate lotoling slightly awl re-
duce t he excita tit al to maintain the same plate 
current: then apply modulation and check the 
characteristic again. Continue this process until 
the characterist ic is as linen r as possible from the 
horizontal a \ is to t u-i- I he 'Tier amplitude. 

Screen Modulation 

Power tubes of the beam tetrode type have 
very good modulation characteristics when the 
modulating voltage is superimposed on the d.c. 
screen-grid voltage. The efficiency and plate 
current should vary with the modulating voltage 
as shown in Fig. 10-9. 

In many ways screen modulation is more satis-
factory than control-grid modulation, since the 
system does not require a fixed-bias supply for 
the control grid, and is not highly critical as to 
excitation voltage. However, the operating prin-
ciples are identical, and the carrier output is 
limited to about one-half the plate dissipation 
rating of the tube or tubes used in the modulated 
tunplifier. 
The most satisfactory way to apply the modu-

lating voltage to the screen is through a trans-

Fig. 10-12— Screen-grid modulation of hearn tetrode. 
Condenser C is an r.f. by-pass condenser and should 
have high reactance at audio frequencies. \ alue of 
0.002 dd. is satisfactory. The grid leak can have the 
same value that is used for c.w. operation of the tube. 

former, as shown in Fig. 
10-12. In an ideal beam 
tetrode the plate current 
and output should be com-
pletely cut off with zero 
screen voltage, but in prac-
tical tubes it is necessary 
to drive the screen some-
what negative with respect 
to the cathode to get com-
plete cut-off. For this reason 
the peak modulating volt-
age required for 100 per 
cent modulation is usually 
10 per cent or so greater 
than the d.c. screen voltage. 
The latter, in turn, is ap-
proximately half the rated 
sereen voltage under 
maxiinum ratings for c.w. 
operation. 
The audio power re-

quired is approximately 
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Fig. 10-13 — A typical screen voltage-current curve of 
a beam tetrode adjusted for optimum conditions for 
screen modulation. 

one-fourth the d.c. power input to the screen 
under c.w, operation, but varies somewhat with 
the ()iterating conditions. A receiving-type audio 
power amplifier will suffice as the modulator for 
most transmitting tubes. Because the relation-
ship between screen voltage and screen current 
is not. linear (a typical curve giving this relation-
ship is shown in Fig. 10-13) the load on the modu-
lator varies over the audio-frequency cycle, and 
it is therefore highly advisable to use negative 
feet l-Ita ck in the modulator circuit. If excess audio 
power is available, it is also advisable to load the 
modulator with a resistance corresponding to It 
in Fig. 10-10, the value of I? being adjusted to 
dissipate the excess power. Unfortunately, there 
is no simple way to determine the proper re-
sistance except experimentally, by observing the 
effect of different values on the waveshape with 
the aid of an oscilloscope. 
On the assumption that the modulator will be 

fully loaded by the screen plus the additional 
load resistor R, the turns ratio required in the 
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coupling transformer may be calculated as fol-
lows: 

E  N —  d 

2.5 .VPRL 
where N is the turns ratio, secondary to primary; 
Ed is the rated screen voltage for c.w. operation; 
I' is the rated audio power output of the modu-
lator; and RI, is the rated load resistance for the 
modulator. 
The best method of adjustment is to use an 

oscilloscope (the connections of Fig. 10-11 may 
be used, except that the audio sweep voltage is 
taken from the screen instead of the control grid) 
and adjust plate loading, grid excitation, and 
modulating voltage for the greatest output com-
patible with good linearity at 100 per cent modu-
lation. The amplifier should be loaded heavily 
and the grid current should be kept at the point 
where a further reduction decreases the r.f. out-
put. Under proper operating conditions the plate-
current dip as the amplifier plate circuit is tuned 
through resonance will he little more than just 
discernible. 

In an alternative adjustment method not re-
quiring an oscilloscope the r.f. amplifier is first 
tuned up for maximum output without modula-
tion and the rated d.c. screen voltage (from a 
fixed-voltage supply) for c.w. operation applied. 
Use heavy loading and reduce the grid excitation 
until the output just starts to fall off, at which 
point the resonance dip in plate current should 
be small. Note the plate current and, if possible, 
the r.f. antenna or feeder current, and then reduce 
the d.c. screen voltage until the plate current is 
one-half its previous value. 'I'he r.f. output cur-
rent should also be one-half its previous value at 
this screen voltage. The amplifier is then ready 
for modulation, and the modulating voltage may 
be increased until the plate current just starts to 
shift upward, which indicates that the amplifier 
is modulated 100 per cent. With voice modulation 
the plate current should remain steady, or show 
just an occasional small upward kick on intermit-
tent peaks. 

It is desirable to operate with the grid current 
as low as possible, since this reduces the screen 
current and thus reduces the amount of power 
required from the modulator. With proper ad-
justment the linearity is good up to about 90 per 
cent modulation. When the screen is driven nega-
tive for 100 per cent modulation there is a kink 
in the modulation characteristic at the zero-
voltage point that introduces a small amount of 
distortion. The kink can be removed and the 
over-all linearity improved by applying a small 
amount of modulating voltage to the control grid 
simultaneously with screen modulation, but this 
requires adjustment with the oscilloscope. 

"Clamp-Tube" Modulation 

A method of screen-grid modulation that is 
convenient in transmitters provided with a screen 
protective tube (" clamp" tube) is shown in Fig. 
10-14. Basically, the idea is that an audio-fre-
quency signal is applied to the grid of the clamp 
tube, which then becomes a modulator. The 

simplicity of the circuit is somewhat deceptive, 
since it is considerably more difficult from a 
design standpoint than the transformer-coupled 
arrangement of Fig. 10-12. 

For proper modulation the clamp tube must be 
operated as a triode Class A amplifier, and it will 
be recognized that the method is essentially iden-
tical with the choke-coupled Class A plate modu-
lator of Fig. 10-8 with a resistance, R2, substituted 
for the choke. R2 in the usual case is the screen 
dropping resistor normally used for c.w. opera-

R.F 
Excitation 

R FC 

Fig. 10-14 — Screen  'illation by a "clamp" tube. 
The grid leak is the normal value for e.w. operation and 
C2 should be 0.002 afd. or less. See text for discus  
of Ci, Ri, 82 :Ind R. 83 should have the proper value 
for Class A operation of the modulator tube, but cannot 
be calculated unless triode curves for the tube are 
available. 

tion. Its value should be at least two or three 
times the load resistance required by the Class A 
modulator tube for optimum audio-frequency 
output. Unfortunately, relatively little informa-
tion is available on the triode operation of the 
tubes most frequently used for screen-protective 
purposes. 

Like the choke-coupled modulator, the clamp-
tube modulator is incapable of modulating the 
r.f. stage 100 per cent unless the dropping resistor, 
RI, and audio by-pass, Ch are incorporated in the 
circuit. The same design considerations hold, with 
the addition of the fact that the screen must be 
driven negative, not just to zero voltage, for 100 
per cent modulation. The modulator tube must 
thus be operated at a voltage ranging from 20 to 
40 per cent higher than the screen that it modu-
lates. Proper design requires knowledge of the 
screen characteristics of the r.f. amplifier and a set 
of plate-voltage plate-current curves on the mod-
ulator tube as a triode. 

Adjustment with this system, once the design 
voltages have been determined, is carried out in 
the same way as with transformer-coupled screen 
modulation, preferably with the oscilloscope. 
Without the oscilloscope, the amplifier may first 
be adjusted for c.w. operation as described earlier, 
but with the modulator tube removed from its 
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socket. The modulator is then replaced, and the 
cathode resistance, R3, adjusted to reduce the 
amplifier plate current to one-half its c.w. value. 
The amplifier plate current should remain con-
stant with modulation, or show just a small up-
ward flicker on occasional voice peaks. 

Controlled Carrier 

As explained earlier, a limit is placed on the 
output obtainable from a grid-modulation system 
by the low r.f. amplifier plate efficiency (approxi-
mately 33 per cent) under unmodulated carrier 

o—I 
A F 
Input 

MODULATOR To screen 
Grid 

te 
Fig. 10-15 — Circuit f ir carrier control with screen 
modula . A small triode such as the 6.15 can be used 
as the control amplifier and a fiY6C, is suitable as a 
carrier-control tube. Tt is an interstate audio trans-
former haying a I -to-I or larger turns ratio. R4 is a 
0.5-tnegolun volume control and also serves as the grid 
resistor for the  lulator. A germa  crystal may 
be UM,' as the rectifier. Other values are discussed in 
the text. 

R3 

To Screen 
Supply 

conditions. The plate efficiency increases with 
modulation, since the output increases while the 
d.c. input remains constant, and reaches a maxi-
mum in the neighborhood of 50 per cent with 100 
per cent sine-wave modulation. If the power input 
to the amplifier can be reduced during periods 
when there is little or no modulation, thus reduc-
ing the plate loss, advantage can be taken of the 
higher efficiency at full modulation to obtain 
higher effective output. This can be done by vary-
ing the power input to the modulated stage, in 
accordance with average variations in voice in-
tensity, in such a way as to maintain just suffi-
cient carrier power to keep the modulation high, 
but not exceeding 100 per cent, under all condi-
tions. Thus the carrier amplitude is controlled by 
the voice intensity. Properly utilized, controlled 
carrier permits increasing the effective carrier 
output at maximum level to a value equal to the 
rated plate dissipation of the tube, or twice the 
output obtainable with constant carrier. 

It is desirable to control the power input just 
enough so that the plate loss, without nnolula-
tion, is safely 1)elow the tube rating. Excessive 
control is disadvantageous because the receiver's 
a.v.c. system must continually follow the varia-
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tions in average signal level. The circuit of Fig. 
10-15 permits adjustment of both the maximum 
and minimum power input, and although some-
what more complicated than some circuits that 
have been used is actually simpler to operate be-
cause it separates the functions of modulation 
and carrier control. A portion of the audio voltage 
at the modulator grid is applied to a Class A 
" control amplifier" which drives a rectifier circuit 
to produce a d.c. voltage negative with respect to 
ground. C1 filters out the audio variations, 
leaving a d.c. voltage proportional to the average 
voice level. This voltage is applied to the grid of 
a " clamp" tube to cont rol the d.c. screen voltage 
and thus the r.f. carrier level. Maximum output is 
obtained when the carrier-control tube grid is 
driven to cut-off, the voice level at which this 
occurs being determined by the setting of Ra. 
Minimum input is set to the desired level (usually 
about equal to the plate dissipation rating of the 
modulated stage) by adjusting R3. R3 may be the 
normal screen-dropping resistor for the modu-
lated beam tetrode, but in case a separate screen 
supply is used it need be just large enough to give 
sufficient voltage drop to reduce the no-modula-
tion power input to the desired value. 
Call should have a time constant of about 0.1 

second. The time constant of C2R3 should be no 
larger. Further details may be found in QST for 
April, 1951, page 64. An oscilloscope is required 
for proper adjustment. 

Suppressor Modulation 

Pentode-type tubes do not, in general, modu-
late well when the modulating voltage is applied 
to the screen grid. However, a satisfactory modu-
lation characteristic can be obtained by applying 
the modulation to tlic suppressor grid. The circuit 
arrangement for suppressor-grid modulation of a 
pentode tube is shown in Fig. 10-16. 

'I'he method of adjustment closely resembles 
that used with screen-grid modulation. If an 
oscilloscope is not available, the amplifier is first 
adjusted for optimum c.w. output with zero bias 
on the suppressor grid. Negative bias is then 
applied to the suppressor and increased in value 
until the plate current and r.f. output current 
drop to half their original values. When this 
condition has been obtained the amplifier is ready 
for modulation. 

CLASS-C 
AMP 

RO  

Excitation 

Grid 
Leak 

+C 
- B 
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Fig. 10-16 — Suppressor-grid modulation of an r.f. 
amplifier using a pentode-type tube. The suppressor-
grid r.f. by-pass condenser, C. should be the same as the 
grid by-pass condenser in control-grid modulation. 

Ant. 
o 

+B 
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Since the suppressor is always negatively 

biased, the modulator is not required to furnish 
any power, so a voltage amplifier can be used. 
The suppressor bias will vary with the type of 
pentode and the operating conditions, but usually 
will be of the order of — 100 volts. The peak a.f. 
voltage required from the modulator is equal to 
the suppressor bias. 

• CATHODE MODULATION 
Circuit 

The fundamental circuit for cathode modula-
tion is shown in Fig. 10-17. It is a combination of 
the plate and grid methods, and permits a car-
rier efficiency midway between the two. The 
audio power is introduced in the cathode circuit, 
and both grid bias and plate voltage are modu-
lated. 

111-17A16C-1 

Fig. 10-17 — Circuit arrangement for cathode modula-
tion of a Class C r.f. amplifier. Values of by-pass con-
densers in the r.f. circuits should be the sanie as for 
other niodulation methods. 

Because part of the modulation is by the 
control-grid method, the plate efficiency of the 
modulated amplifier must vary during modu-
lation. The carrier efficiency therefore must 
be lower than the efficiency at the modulation 
peak. The required reduction in efficiency de-
pends upon the proportion of grid modulation 
to plate modulation; the higher the percentage 
of plate modulation, the higher the permissible 
carrier efficiency, and vice versa. The audio 
power required from the modulator also varies 
with the percentage of plate modulation, being 
greater as this percentage is increased. 
The way in which the various quantities 

vary is illustrated by the curves of Fig. 10-18. 
In these curves the performance of the cath-
ode-modulated r.f. amplifier is plotted in terms 
of the tube ratings for plate-modulated telephony, 
with the percentage of plate modulation as a base. 
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Fig. 10-18 — Cathode-modulation performance curves. 
in terms of percentage of plate modulation plotted 
against percentage of Class C telephony tube ratings. 

in — D.c. plate input watts in terms of percentage of 
plate-modulation rating. 

• — Carrier output a alts in per cent of plate-moduja-
t.  rating ( lia-e.1 on plate efficiency of 77.5%). 

W. — Audio power in per cent of d.c. watts input. 
• — Plate efficiency of the amplifier in percentage. 

As the percentage of plate modula tion is de-
creased, it is assumed that the grid modulation is 
increased to make the over-all modulation reach 
100 per cent. The limiting condition, 100 per cent . 
plate modulation and no grid modulation, is at 
the right (A); pure grid modulation is repre-
sented by the left-hand ordinate (B and C). 

Example: Assume that the r.f. tube to be used 
has a 100'..4. plate-modulation rating of 250 watts 
input and will give a carrier power output of 190 
watts at that input. Cathode modulation with 40% 
plate modulation is to be used. From Fig. 10-18, 
the carrier efficiency will be 56y, with 40% plate 
modulation, the per.inissible d.c. input will be 65% 
of the plate-modulation rating, and the r.f. output 
will be 48'4 of the plate-modulation rating. That is, 

Power input = 250 X 0.65 = 162.5 watts 
Power output = 190 X 0.48 = 91.2 watts 

The required audio power, from the chart, is equal 
to 20% of the d.c. input to the modulated amplifier. 
Therefore 

Audio power = 162.5 X 0.2 = 32.5 watts 
The modulator should supply a small amount of 
extra power to take care of losses in the grid circuit. 
These should not exceed four or five watts. 

100 

Modulating Impedance 

The modulating impedance of a cathode-
modulated amplifier is approximately equal to 

where in = Percentage of plate modulation (ex-
pressed as a decimal) 

= D.c. Plate voltage on modulated 
amplifier 

/1, = D.c. plate current of modulated 
amplifier 

Example: Assume that the modulated amplifier 
in the example above is to operate at a plate po-
tential of 1250 volts. Then the d.c. plate current is 

P 162.5 
I = — =—  = 0.13 amp. (130 ma.) 

E 1250 

The modulating impedance is 
Eb 1250 
m— = = 3846 ohms 

0.13 
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The modulating impedance is the load into which 
the modulator must work, just as in the case of 
pure plate modulation. This load must be 
matched to the load required by the modulator 
tubes by proper choice of the turns ratio of the 
modulation transformer, as described in the chap-
ter on speech equipment. 

Conditions for Linearity 

B.f. excitation requirements for the cathode-
modulated amplifier are midway between those 
for plate modulation and control-grid modu-
lation. More excitation is required as the per-
centage of plate modulation is increased. Grid 
bias should be considerably beyond cut-off; 
fixed bias from a supply having good voltage 
regulation is preferred, especially when the 
percentage of plate modulation is small and 
the amplifier is operating more nearly like a 
grid-bias modulated stage. At the higher per-
centages of plate modulation a combination of 
fixed and grid-leak bias can be used, since the 
variation in rectified grid current is smaller. 
The grid leak should be by-passed for audio 
frequencies. The percentage of grid modulation 
may be regulated by choice of a suitable tap 
on the modulation-transformer secondary. 
The cathode circuit of the modulated stage 
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must be independent of other stages in the 
transmitter. When directly-heated tubes are 
modulated their filaments must be supplied from 
a separate transformer. The filament by-pass 
condensers should not be larger than about 0.002 
mfd., to avoid by-passing the audio-frequency 
modulation. 

Adjustment of Cathode-Modulated 
Amplifiers 

In most respects, the adjustment procedure 
is similar to that for grid-bias modulation. The 
critical adjustments are antenna loading, grid 
bias, and excitation. The proportion of grid-bias 
to plate modulation will determine the operating 
conditions. 

Adjustments should be made with the aid of 
an oscilloscope connected in the same way as for 
grid-bias modulation. With proper antenna load-
ing and excitation, the normal wedge-shaped 
pattern will be obtained at 100 per cent modula-
tion. As in the case of grid-bias modulation, 
too-light antenna loading will cause flattening 
of the upward peaks of modulation as also will 
too-high excitation. The cathode current will be 
practically constant with or without modulation 
when the proper operating conditions have been 
established. 

'Phone Operation 
• USING THE OSCILLOSCOPE 
Proper adjustment of a 'phone transmitter 

is aided immeasurably by the oscilloscope. The 
'scope will give more information, more accu-
rately, than almost any collection of other instru-
ments that might be named. Furthermore, an 
oscilloscope that is entirely satisfactory for the 
purpose is not necessarily an expensive instru-
ment; the cathode-ray tube and its power supply 
are about all that are needed. Amplifiers and 
linear sweep circuits are by no means necessary. 

In the simplest 'scope circuit, radio-frequency 
voltage from the modulated amplifier is applied 
directly to the vertical deflection plates of the 
tube, and audio-frequency voltage from the mod-
ulator is applied to the horizontal deflection 
plates. As the instantaneous amplitude of the 
audio signal varies, the r.f. output of the trans-
mitter likewise varies, and this produces a wedge-
shaped pattern or trapezoid on the screen. If the 
oscilloscope has a built-in horizontal sweep, the 
r.f. voltage is applied to the vertical plates as 
before (never through an amplifier) and the 
sweep will produce a pattern that follows the 
modulation envelope of the transmitter output, 
provided the sweep frequency is lower than the 
modulation frequency. This produces a wave-
envelope modulation pattern. 

The Wave-Envelope Pattern 

The connections for the wave-envelope pattern 
are shown in Fig. 10-19A. The vertical deflection 
plates are coupled to the amplifier tank coil (or 
an antenna coil) through a twisted-pair line and 
pick-up coil. As shown in the alternative drawing, 

a resonant circuit tuned to the operating fre-
quency may be connected to the vertical plates, 
using link coupling between it and the trans-
mitter. This will eliminate r.f. harmonics, and the 
tuning control provides a convenient means for 
adjustment of the pattern height. 
The position of the pick-up coil should be 

varied until an unmodulated carrier pattern, 
Fig. 10-20B, of suitable height is obtained. The 
horizontal sweep voltage should be adjusted to 
make the width of the pattern somewhat more 
than half the diameter of the screen. When voice 
modulation is applied, a rapidly-changing pattern 
of varying height will be obtained. When the 
maximum height of this pattern is just twice that 
of the carrier alone, the wave is being modulated 
100 per cent. This is illustrated by Fig. 10-20D, 
where the point X represents the horizontal 
sweep line (reference line) alone, YZ is the carrier 
height, and PQ is the maximum height of the 
modulated wave. 

If the height is greater than the distance PQ, 
as illustrated in E, the wave is overmodulated in 
the upward direction. Overmodulation in the 
downward direction is indicated by a gap in the 
pattern at the reference axis, where a single 
bright line appears on the screen. Overmodula-
tion in either direction may take place even 
when the modulation in the other direction is 
less than 100 per cent. 

The Trapezoidal Pattern 

Connections for the trapezoid or wedge pattern 
as used for checking plate modulation are shown 
in Fig. 10-19B. l'he vertical plates of the cr. 
tube are coupled to the transmitter tank through 
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(B) 

Ant catuit 

Doce 

  To 
Vertical 
  Plates 

To 
Vertical 
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Ant. circuit 

Fig. 10-19 — Nletho Is of connecting the oscilloscope for 
modulation checking. A — connections for wave-enve-
lope pattern with any modulati )))) method; II — con-
nections for trapezoidal pattern with plate  lulation. 
See Fig. 1041 for 'scope connections for trapezoidal 
pattern with grid modulation. 

a pick-up loop, preferably using a tuned circuit, 
as shown in the upper drawing, adjustable to the 
operating frequency. Audio voltage from the 
modulator is applied to the horizontal plates 
through a voltage divider, 111112. This voltage 
should be adjustable so a suitable pattern width 
can lw obtained; a 0.25-megohm volume control 
can be used at /e2 for this purpose, with c.r. 
tubes up to the 3-inch size. 
The resistance required at RI will depend on 

the (I.e. plate voltage on the modulated amplifier. 
The total resistance of R1 and 112 in series should 
be about 0.25 megohm for each 100 volts of (I.e. 
plate voltage. For example, if the modulated 
amplifier operates at 1500 volts, the total resis-
tance should be 3.75 megohms, 0.25 megohm at 
112 and the remainder, 3.5 megohms, in R . RI 
should be composed of indivi, lual resistors not 
larger than 0.5 megohm each, in which case 
1-watt resistors will be satisfactory. 
For good low-frequency coupling the capaci-

tance, in microform's, of the blocking condenser, 
C, should at least equal 0.004/R, where R is the 
total resistance (RI 112) in megohms. In the 
example above, where R is 3.75 megohms, the 
capacitance should be ot least 0,004/3.75 = 0.001 
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µfd., approximately. The voltage rating of the 
condenser should be at least twice the d.c. volt-
age applied to the modulated amplifier. The 
capavitance can 1st inade up of two or more similar 
unit s tiseries, so long as the total capacitance is 
equal to that required, in case a single unit of 
sufficient voltage rating is not available. Two or 
more units may be used in parallel if condensers 
having adequate voltage rating but insufficient 
capacitance are available. 

Th(. porresponding 'scope connections for grid 
modulation were given in Fig. 10-11. This circuit 
will be satisfactory for checking screen-grid modu-
lation (the audio connection of course being made 
to the screen grid rather than to the control grid) 
for d.c. screen voltages up to 200 volts or so, 
which will include most I warn tetrodes. If the , l.c. 
screen voltage, adjusted for proper modulation, 
exceeds 200 volts a voltage divider similar to that 
shown in Fig. 10-19 should be used, the values 
being calculated as described above using the 
screen voltage instead of the plate voltage. 

Trapezoidal patterns for various conditions 
of modulation are shown in Fig. 10-20 at F to .1, 
each alongside the corresponding wave-enve-
lope pattern. With no signal, only the cathode-

(D) 

NO CARRIER 

CARRIER ONLY 

LESS THAN 
100% MODULATION 

100% MODULATION 

OVER MODULATION 

(H) 

Fig. 10-20 — Wave-envelope and trapezoidal patterns 
representing different conditions of modulation. 
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ray spot appears on the screen. When the un-
modulated carrier is applied, a vertical line ap-
pears; the length of the line should be adjusted, 
by means of the pick-up coil coupling, to a con-
venient value. When the carrier is modulated, 
the wedge-shaped pattern appears; the higher 
the modulation percentage, the wider and more 
pointed the wedge becomes. At 100 per cent 
modulation it just makes a point on the axis, X, 
at one end, and the height, PQ, at the other end 
is equal to twice the carrier height, YZ. Over-
modulation in the upward direction is indicated 
by increased height over PQ, and in the downward 
direction by an extension along the axis X at the 
pointed end. 

Checking Transmitter Performance 

The trapezoidal pattern is far more useful than 
the wave-envelope pattern for checking the opera-
tion of a 'phone transmitter. The latter type of 
pattern is of use principally for checking modula-
tion percentage, and even when the speech system 
is fed with a sine-wave tone for close examination 
of the pattern it is difficult to tell with sufficient 
accuracy whether the transmitter is operating 
linearly. Also, even when distortion is evident in 
the wave-envelope pattern there is no clue as to 
whether it is occurring in the modulated amplifier 
or is caused by a defect in the speech equipment. 
On the other hand, the trapezoidal pattern is 

actually a graph of the modulation characteristic 
of the modulated amplifier. The sloping sides of 
the wedge show the r.f, amplitude for every value 
of instantaneous modulating voltage, exactly the 
type of curve plotted in Fig. 10-4. If these sides 
are perfectly straight lines, as drawn in Fig. 
10-20 at H and I, the modulation characteristic is 
linear. If the sides show curvature, the charac-
teristic is nonlinear to an extent that is shown by 
the degree to which the sides depart from perfect 
straightness. This is true regardless of the wave-
form of the modulating voltage. 

If the speech system can be driven by a good 
audio sine-wave signal instead of a microphone, 
the trapezoidal pattern also will show t he presence 
of even-harmonic distortion (the most common 
type, especially when the modulator is over-
loaded) in the speech amplifier or modulator. If 
there is no distortion in the audio system, the 
trapezoid will extend horizontally equal distances 
on each side of the vertical line representing the 
unmodulated carrier. If there is even-harmonic 
distortion the trapezoid will extend farther to one 
side of the unmodulated-carrier position than to 
the other. This is shown in Fig. 10-21. The prob-
able cause is inadequate power output from the 
modulator, or incorrect load on the modulator. 
An audio oscillator having reasonably good 

sine-wave output is highly desirable for testing 
both speech equipment and the 'phone transmit-
ter as a whole. A very simple single-tone oscillator 
such as is shown in the chapter on measurements 
is quite adequate. With such an oscillator and the 
'scope, the pattern is steady and can be studied 
closely to determine the effects of various operat-
ing adjustments. 

The patterns shown in Figs. 10-21 and the top 
four groups of Fig. 10-22 show both correct and 
incorrect transmitter adjustments. The object of 
modulated-amplifier adjustment is to obtain a 
pattern closely resembling that in Fig. 10-22A, 
which shows excellent linearity (sides of wedge 
pattern quite straight) over the whole charac-
teristic at 100 per cent modulation. Since no 
modulated amplifier is perfect, the sides will never 
be perfectly straight, but a close approach is 
possible. Different methods of modulation give 
different characteristic results. Fig. 10-22A is 
typical of correctly-operated plate modulation. 
With control-grid modulation the sides usually 
are somewhat concave, particularly near the 
point of the trapezoid, while screen modulation 
gives the characteristic pattern shown in Fig. 
10-21. As mentioned earlier, it is necessary to 
drive the screen somewhat negative in order to 
reach complete plate-current cut-off and thus 
modulate 100 per cent downward. 

Aside from overmodulation downward, Fig. 

Fig. 10-21 — Top — a typical trapezoidal pattern ob-
tained with screen modulation adjusted for optimum 
conditi .... s. II,, - ridden eliangc in slope near the point 
of the wedge occurs when the screen voltage passes 
through zero. Center — If there is no audio distortion, 
the unmodulated carrier will have the height and posi-
tion shown by the white line superimposed on the sine. 
wave modulation pattern. Bottom — Even-harmonic 
distortion in the audio system, when the audio signal 
applied to the speech amplifier is a sine wave, is indi-
cated by the fact that the modulation pattern does not 
extend equal distances either side of the unmodulated 
carrier. 
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time-base control. In both 
eases the wave is modulated 
100 per cent. 

x}( 

10-22 — PHOTOGRAPHS OF TYPICAL OSCILLOSCOPE PATTERNS 
These photographs show various conditions of modulation as displayed by the wedge or trapezoidal patterns in the 
left-hand column and the wave-envelope patterns in the right-hand column. 

(Photographs reproduced through courtesy of the Allen B. DuMont Laboratories, Inc., Passaic, N. J.) 
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10-22B, which is easily cured by keeping the 
speech amplifier gain or speech intensity below 
the point that causes it, the most common type 
of improper operation is shown by the pattern of 
Fig. 10-220. The flattening at the large end of the 
trapezoid results from the inability of the modu-
lated amplifier to deliver sufficient power output 
on the modulation up-peak. With plate modula-
tion the most likely cause is insufficient grid exci-
tation or incorrect grid bias or both. With grid 
modulation this flattening is the result of at-
tempting to operate the amplifier at too-high 
carrier efficiency. The remedy is to increase the 
loading on the output circuit and reduce the grid 
excitation, or both in combination, until the 
pattern sides are straight. 

In this connection, it should be noted that while 
the trapezoidal pattern of Fig. 10-22(1 shows 
nonlinearity in the modulated amplifier, the cor-
responding wave-envelope pattern of the same 
figure could result either from this cause or from 
modulator overloading. With the trapezoidal 
pattern, modulator overloading will be evident 
by the fact that the position of the vertical line 
representing the umnodulated carrier will not be 
at the center of the pattern (when the modulating 
voltage is cut off) but modulator overloading 
will not affect the shape of the pattern. This as-
sumes that the audio signal is a sine wave. 

Curvature near the point of the trapezoid 
causing it to approach the horizontal axis more 
slowly than would occur with straight sides, indi-
cates that the output power does not decrease rap-
idly enough in this region; it may be caused by r. f. 
leakage from the exciter through the final stage. 
This can be checked by removing the voltage 
from the modulated stage, when the carrier 
should disappear, leaving only the beam spot 
remaining on the screen ( Fig. 10-20F). If a small 
vertical line remains, the amplifier should be 
carefully neutralized; if this does not eliminate 
the line, it is an indication that the 'scope is 
getting r.f. from lower-power stages, either by 
coupling through the final tank or via the pick-up 
loop. 

Faulty Patterns 

Figs. 10-20, 10-21, and 10-22A through D show 
what is normally to be expected in the way of 
pattern shapes when the oscilloscope is used to 
check modulation. If the actual patterns differ 
considerably from those shown, it may be that 
the pattern is faulty rather than the transmit-
ter. 

It is important that r.f. from the modulated 
stage only be coupled to the oscilloscope, and 
then only to the vertical plates. The effect of 
stray r.f. from other stages in the transmitter 
has been mentioned in the preceding section. 
If r.f. is present also on the horizontal plates, 
the pattern will lean to one side instead of being 
upright. If the oscilloscope cannot be moved to 
a position where the unwanted pick-up disap-
pears, a small by-pass condenser ( 10 /odd.) should 
be connected across the horizontal plates as close 
to the cathode-ray tube as possible. An r.f. 

choke (2.5 mh. or smaller) may also be connected 
in series with the ungrounded horizontal plate. 
"Folded" trapezoidal patterns, and patterns 

in which the sides of the trapezoid are elliptical 
instead of straight, Fig. 10-22F (left), occur 
when the audio sweep voltage is taken from some 
point in the audio system other than that where 
the a.f. power is applied to the modulated stage. 
Such patterns are caused by a phase difference 
between the sweep voltage and the modulating 
voltage. The connections should always be as 
shown in Fig. 10-11 and 10-19B. 

• MODULATION CHECKING WITH 
THE PLATE METER 

The plate milliammeter of the modulated am-
plifier provides a simple and fairly reliable means 
for checking the performance of a 'phone trans-
mitter, although it does not give nearly as definite 
information as the oscilloscope does. If the modu-
lated amplifier is perfectly linear, its plate current 
will not change when modulation is applied if 

1) the upward modulation percentage does 
not exceed the modulation capability of the 
amplifier, 

2) the downward modulation does not exceed 
100 per cent, and 

3) there is no change in the d.c. operating 
voltages on the transmitter when modulation is 
applied. 

This is true of any of the methods of modula-
tion discussed in this chapter, with the single 
exception of the controlled-carrier system. The 
plate meter cannot give a reliable check on the 
performance of the latter system because the 
plate current increases with the intensity of 
modulation. With this system the plate-current 
variations should be correlated with the trans-
mitter performance as observed on an oscilloscope 
before the plate meter is used for checking 
modulation. 

Plate Modulation 

With plate modulation, a downward shift in 
plate current may indicate one or more of the 
following: 

1) Insufficient excitation to the modulated 
r.f. amplifier. 

2) Insufficient grid bias on the modulated 
stage. 

3) The r.f. amplifier is not loaded properly to 
present the required value of modulating 
impedance to the modulator. 

4) Insufficient output capacitance in the fil-
ter of the modulated-amplifier plate supply. 

5) D.c. input to the r.f. amplifier, under carrier 
conditions, is in excess of the manufacturer's 
ratings for plate modulation. Alternatively, 
the filament emission of the amplifier tubes 
may be low. 

6) In plate-and-screen modulation of tetrodes 
or pentodes, the screen is not being suffi-
ciently modulated along with the plate. In 
systems in which the d.c. screen voltage is 
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obtained through a dropping resistor, a 
downward dip in plate current may occur 
if the screen by-pass condenser capacitance 
is large enough to by-pass audio frequencies. 

7) Poor voltage regulation of the modulated-
amplifier plate supply. This may be caused 
by voltage drop in the supply itself, when 
the modulated amplifier and a Class B 
amplifier are operated from the same supply, 
or may be caused by voltage drop in the 
primary supply from the power line when 
the modulator load is thrown on. It is readily 
checked by measuring the voltage with and 
without modulation. Poor line regulation 
will be shown by a drop in filament voltage 
with modulation. 

Any of the following may cause 
shift in plate current: 

1) Overmodulation (excessive 
audio gain too great). 

2) Incomplete neutralization 
lated amplifier. 

3) Parasitic oscillation in the 
plifier. 

an upward 

audio power, 

of the modu-

modulated am-

Grid Modulation 

With any type of grid modulation, any of the 
following may cause a downward shift in modu-
lated-amplifier plat e eu rie n t: 

1) Too much r.f. excitation. 
2) Insufficient grid bias, particularly with 

control-grid modulation. Grid bias is usually 
not critical with screen and suppressor 
modulation, the value of grid leak recom-
mended for c.w. operation being satis-
factory. 

3) With control-grid modulation, excessive 
resistance in the bias supply. 

4) Insufficient output capacitance in plate-
supply filter. 

5) Plate efficiency too high under carrier condi-
tions; amplifier is not loaded heavily 
enough. 

Because grid modulation is not perfectly linear 
(always less so than plate modulation) a properly-
operating amplifier will show a small upward 
plate-current shift with modulation, 10 per cent 
or less with sine-wave mo(lulation and amounting 
to an occasional upward flicker with voice. An 
upward plate current shift in excess of this may 
be caused by 

1) Overmodulation (excessive modulating volt-
age). 

2) Regeneration (incomplete neutralization). 
3) With control-grid or suppressor modulation, 

bias too great. 
4) With screen modulation, d.c. screen voltage 

too low. 
In grid-modulation systems the modulator is 

not necessarily operating linearly if the plate 
current stays constant with or without modula-
tion. It is readily possible to arrive at a set of 
operating conditions in which flattening of the 
up-peaks is just balanced by overmodulation 
downward, resulting in practically the same plate 
current as when the transmitter is unmodulated. 

The oscilloscope provides t he ly certain check 
on grid modulation. While Ulu me type of im-
proper operation is possible with plate modula-
tion, it occurs only rarely. 

• COMMON TROUBLES IN THE 
'PHONE TRANSMITTER 

Noise and Hum on Carrier 

Noise and hum may be detected by listen-
ing to the signal on a receiver, provided the re-
ceiver is far enough away from the transmitter 
to avoid overloading. The hum level should b( 
low compared with the voice at 100 per cent mod-
ulation. Hum may come either from the speed 
amplifier and modulator or from the r.f. sectior 
of the transmitter. Hum from the r.f. section cat 
be detected by completely shutting off the modu-
lator; if hum remains when this is done, th( 
power-supply filters for one or more of the r.f. 
stages have insufficient smoothing. With a hum-
free carrier, hum introduced by the modulator 
can be checked by turning on the modulator but 
leaving the speech amplifier off; power-suppR 
filtering is the likely source of such hum. If carrier 
and modulator are both clean, connect the speed: 
amplifier and observe the increase in hum level. 
If the hum disappears with the gain control at 
minimum, the hum is being introduced in th( 
stage or stages preceding the gain control. Th( 
microphone also may pick up hum, a conditior 
that can be checked by removing the microphorn 
from the circuit but lea ving the first speech-am-
plifier grid circuit otherwise unchanged. A gooC 
ground (to a cold water pipe, for example) or 
the microphone and speech system usually it 
essential to hum-free operation. 

Spurious Sidebands 

A superheterodyne receiver having a crysta 
filter is needed for checking spurious sidebandt 
outside the normal communication channel. Th( 
r.f. input to the receiver must be kept low enough 
by removing the antenna or by adequate separa 
tion from the transmitter, to avoid overloadinj 
and consequent spurious receiver responses. Ai 
" S "-meter reading of about half scale is satis-
factory. With the crystal filter in its shames. 
position tune through the region outside the 
normal channel limits (3 to 4 kilocycles each side 
of the carrier) while another person talks into th( 
microphone. Spurious sidebands will be observe( 
as intermittent " clicks" or crackles well awa.1 
from the carrier frequency. Sidebands more that 
3 to 4 kilocycles from the carrier should be o 
negligible strength, compared with th'  carrier 
in a properly-modulated 'phone transmitter. The 
causes are overmodulation or nonlinear operation 
With sine-wave modulation the relative inten 

sity of sidebands can be observed if a tone of 1001 
cycles or so is used, since the crystal filter readil: 
can separate frequencies of this order. Th. 
"S "-meter will show how the spurious side fre 
quencies (those spaced more than the modulatim 
frequency from the carrier) compare with th. 
carrier itself. Without an " S"-meter, the a.v.c 

_ 
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should be turned off and the b.f.o. turned on; 
then the r.f. gain should be set to give a moder-
ately strong beat note with the carrier. The 
intensity of side frequencies can be estimated 
from the relative strength of the beats as the 
receiver is tuned through the spectrum adjacent 
to the carrier. 

R.F. in Speech Amplifier 

A small amount of r.f. current in the speech 
amplifier — particularly in the first stage, which 
is most susceptible to such r.f. pick-up — will 
cause overloading and distortion in the low-level 
stages. Frequently also there is a regenerative 
effect which causes an audio-frequency oscillation 
or " howl" to be set up in the audio system. In 
such cases the gain control cannot be advanced 
very far before the howl builds up, even though 
the amplifier may be perfectly stable when the 
r.f. section of the transmitter is not turned on. 
Complete shielding of the microphone, micro-

phone cord, and speech amplifier is necessary to 
prevent r.f. pick-up, and a ground connection 
separate from that to which the transmitter is 
connected is advisable. 

• MODULATION MONITORING 
It is always desirable to modulate as fully as 

possible, but 100 per cent modulation should 
not be exceeded — particularly in the down-
ward direction because harmonic distortion 
will be introduced and the channel width in-
creased. This causes unnecessary interference to 
other stations. 'I'he oscilloscope is the best instru-
ment for continuously checking the modulation. 
However, simpler indicators may be used for the 
purpose, once calibrated. 
A convenient indicator, when a Class B modu-

lator is used, is the plate milliammeter in the 
Class B stage, since plate current of the modula-
tor fluctuates with the voice intensity. Using the 
oscilloscope, determine the gain-control setting 
and voice intensity that give 100 per cent modu-
lation on voice peaks, and simultaneously observe 
the maximum Class 13 plate-milliammeter read-
ing on the peaks. When this maximum reading is 
obtained, it will suffice to adjust the gain so that 
it is not exceeded. 
A high resistance (1000-ohms-per-volt or more) 

rectifier-type voltmeter (copper-oxide or ger-
manium type) also can be used for modulation 
monitoring. It should be connected across the 
output circuit of an audio driver stage where 
the power level is a few watts, and similarly 
calibrated against the oscilloscope to determine 
the reading that represents 100 per cent modula-
tion. 
The plate milliammeter of the modulated 

r.f. stage also is of value as an indicator of over-
modulation. As explained earlier, the d.c. plate 
current stays constant if the amplifier is linear. 
When the amplifier is overmodulated, especially 
in the downward direction, the operation is no 
longer linear and the average plate current will 

change. A flicker of the pointer may therefore be 
taken as an indication of overmodulation or non-
linearity. However, since it is possible that under 
some operating conditions the plate current will 
remain constant even though the amplifier is 
considerably overmodulated, an indicator of this 
type is not wholly reliable unless it has been 
checked against an oscilloscope. 

Overmodulation Indicators 

Overmodulation on negative peaks is usually 
the worst type, as explained earlier in this chap-
ter. The nnffiammeter in the negative-peak indi-
cator of Fig. 10-23 will show a reading on each 
peak that carries the instantaneous voltage on a 
plate-modulated amplifier " below zero" — that 
is, negative. The rectifier, V, cannot conduct so 
long as the negative half-cycle of audio output 
voltage is less than the d.c. voltage applied to the 
r.f. tube. 
The inverse-peak-voltage rating of the rectifier 

tube must be at least twice the d.c. plate voltage 
of the modulated amplifier. The filament trans-
former likewise must have insulation rated to 
withstand twice the d.c. plate voltage. Either 
mercury-vapor or high-vacuum rectifiers can be 
used. The 15-volt breakdown voltage of the 
former will introduce a slight error, since the 
plate voltage must go at least 15 volts negative 
before the rectifier will ionize, but the error is 
inconsequential at plate voltages above a few 
hundred volts. 
The effectiveness of the monitor is improved 

if it indicates at somewhat less than 100 per cent 
modulation, as it will then warn of the danger of 
overmodulation before it actually occurs. It can 
be adjusted to indicate at any desired modulation 
percentage by making the meter return to a point 
on the power-supply bleeder as shown in the al-
ternative diagram. The by-pass condenser, C, 
insures that the full audio voltage appears across 
the indicator circuit. 

Mod 
Trans To Class-C 

Amp. plate 

CLASS-C AMP. 
POWER SUPPLY 

Power Supply 
ALTERNATIVE METER 

RETURN 

Fig. 10.23 — Negative-peak overmodulation indicator. 
The milliammeter 1/.1 may he any low-range instru-
ment (up to 0-50 ma. .,r s‘;). The i;iverse-oeak-voltage 
rating of the rectifier, I , must be at lea:t twice the 
d.c. voltage applied to the plate of the r.f. amplifier. 
The alternative meter-return circuit can he used to indi-
cate modulation in excess of any desired value below 
100 per cent. The reactance of the by-pass condenser, 
C, at 100 cycles should be small compared with the re-
sistance across which it is connected. An 8-pfd. electro-
lytic condenser will be satisfactory if the resistance it 
si Es is 1000 ohms or more. 



CHAPTER 11 

Frequency and 

Phase Modulation 
It is possible to convey intelligence by modu-

lating any property of a carrier. These properties 
are amplitude, frequency and phase. Amplitude 
modulation (AM) is described in another chapter. 
When the frequency of the carrier is varied in 
accordance with the variations in a modulating 
signal, the result is frequency modulation (FM). 
Similarly, varying the phase of the carrier current 
is called phase modulation (PM). 

Frequency and phase modulation are not inde-
pendent, since the frequency cannot be varied 
without also varying the phase, and vice versa. 
The difference is largely a matter of definition. 
The effectiveness of FM and PM for com-

munication purposes depends almost entirely on 
the receiving methods. If the receiver will respond 
to frequency and phase changes but is insensitive 
to amplitude changes, it will discriminate against 
most forms of noise, particularly impulse noise 
such as is set up by ignition systems and other 
sparking devices. Special methods of detection 
are required to accomplish this result. Since most 
amateur receivers do not incorporate the proper 
circuits, the noise-reducing properties of FM or 
PM reception are seldom realized in amateur 

work. 
Modulation methods for FM and PM are 

simple and require praetieally no audio power. 
There is also the advantage that, since there is no 
amplitude variation in the signal, interference to 
broadcast reception of the type resulting from 
rectification in the audio circuits of the b.e. 
receiver is substantially eliminated. These two 
points represent the principal reasons for the use 
of FM and PM in amateur work. Unfortunately, 
the user of FM or I'M is unable to get the benefit 
of the inherent noise-reducing advantages of 
the system, and is furthermore at a considerable 
disadvantage with respect to AM of the same 
power, because most of his communication will 
be with amateurs using receivers designed spe-
cifically for AM. 

Frequency Modulation 

Fig. 11-1 is a representation of frequency 
modulation. When a modulating signal is applied, 
the carrier frequency is increased during one 
half-cycle of the modulating signal and decreased 
during the half-cycle of opposite polarity. This is 
indicated in the drawing by the fact that the r.f. 
cycles occupy less time (higher frequency) when 
the modulating signal is positive, and more time 
(lower frequency) when the modulating signal is 
negative. The change in the carrier frequency 
(frequency deviation) is proportional to the in-

stn utaneous amplitude of the modulating signal, 
so the deviation is small when the instantaneous 
amplitude of the modulating signal is small, and 
is greatest when the modulating signal reaches its 
peak, either positive or negative. That is, the 
frequency deviation follows the instantaneous 
changes in the amplitude of the modulating 
signal. 

As shown by the drawing, the amplitude of the 
signal does not change during modulation. 

Phase Modulation 

To understan.I I lu ' difference between FM and 
PM it is nece,:a(.\ to appreciate that the fre-
quency of an alternating current is determined by 
the rate at which its phase changes. 

If the phase of the current in a circuit is 
changed there is an instantaneous frequency 
change during the time that the phase is being 
shifted. The amount of frequency change, or 
deviation, depends on how rapidly the phase 
shift is accomplished. It is also dependent upon 
the total amount of the phase shift. In a properly-
operating PM system the amount of phase shift 
is proportional to the instantaneous amplitude 
of the modulating signal. The rapidity of the 
phase shift is directly proportional to the fre-
quency of the modulating signal. Consequently, 
the frequency devin t ion in PM is proportional to 
both the amplitude and frequency of the modu-
lating signal. The latter represents the outstand-
ing difference between FM and I'M, since in FM 

J,' , 
Waveshape Modulating 5/qna/ 

It e AA fif 
Fig. 11-1— Graphical representation of frequency 
modulation. In the unmodulated carrier at A. each r.f. 
cycle occupie: the same amount of time. When the 
modulating - ignal. B. is applied, the radio frequency is 
increased and decreased according to the amplitude and 
polarity of the modulating signal. 
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the frequency deviation is proportional 
only to the amplitude of the modulating 
signal. 

Modulation Depth 

Percentage of modulation in FM and 
I'M has to be defined differently than for 
AM. Praetieztlly, " 100 per cent modula-
t ion" is reached when the transmitted sig-
nal occupies a channel just equal to the 
bandwidth for which the receiver is de-
signed. If the frequency deviation is greater 
than the receiver can accept, the receiver 
distorts the signal. However, on another 
receiver designed for a different band-
width the same signal might be equivalent 
to only 25 per cent modulation. 

In amateur work " narrow-hand" FM or 
PM (frequently abbreviated NFM) is defined as 
having the same channel width as a properly-
modulated AM signal. That is, the channel 
width does not exceed twice the highest audio 
frequency in the modulating signal. NFN1 trans-
missions based on an upper audio limit of 3000 
cycles therefore should occupy a channel no 
wider than 6 kc. 

LO 20 

MODULATION INDEX 

FM and PM Sidebands 

The sidebands set up by FM and PM differ 
from those resulting from AM in that they occur 
at integral multiples of the modulating frequency 
on,either side of the carrier rather than, as in AM, 
consisting of a single set of side frequencies for 
each modulating frequency. An FM or PM signal 
therefore inherently occupies a wider channel 
than AM. 
The number of "extra" sidebands that occur 

in FM and PM depends on the relationship be-
tween the modulating frequency and the fre-
quency deviation. The ratio between the fre-
quency deviation, in cycles per second, and the 
modulating frequency, also in cycles per second, 
is called the modulation index. That is, 

Carrier freq uency deviation 
Modulation index — 

.11 o,1 ulati ng freq aency 
Example: The maximum frequency deviation 

in an FM transmitter is 3000 cycles either side 
of the carrier frequency. The modulation index 
when the modulating frequency is 1000 cycles is 

Modulation index = 3—000  = 3 
1000 

At the same deviation with 3000-cycle modula-
tion the index would be 1; at 100 cycles it would 
be 30, and so on. 

In PM the modulation index is constant re-
gardless of the modulating frequency; in FM it 
varies with the moduli' t ing frequency, as shown 
in the previous example. In an FM system the 
ratio of the maximum carrier-frequency deviation 
to the highest modulating frequency used is called 
the deviation ratio. 

Fig. I l-2 shows how the amplitudes of the 
carrier and the various sidebands vary with the 
modulation index. This is for single-tone modula-
tion; the first sideband (actually a pair, one above 
and one below the carrier) is displaced from the 

3.0 

Fig. II-2 — How the amplitude of the pairs of sidebands varies 
with the modulation index in an r%1 or I'M signal. If the curves 
mere extended for greater values of modulation index it would be 
seen that the carrier amplitude goes through zero at several 
point:. The same statement also applies to the sidebands. 

carrier by an amount equal to the modulating 
frequency, the second is twice the modulating 
frequency away from the carrier, and so on. For 
example, if the modulating frequency is 2000 
cycles and the carrier frequency is 29,500 kc., the 
first sideband pair is at 29,498 kc. and 29,502 kc., 
the second pair is at 29,496 kc. and 29,504 kc., 
the third at 29,494 kc. and 29,506 kc., etc. The 
amplitudes of these sidebands depend on the 
modulation index, not on the frequency deviation. 
In AM, regardless of the percentage of modula-
tion (so long as it does not exceed 100 per cent) 
the sidebands would appear only at 29,498 and 
29,502 kc. under the same conditions. 

Note that, as shown by Fig. 11-2, the carrier 
strength varies with the modulation index. (In 
amplitude modulation the carrier strength is 
constant; only the sideband amplitude varies.) 
At a modulation index of approximately 2.4 the 
carrier disappears entirely. It then becomes 
"negative" at a higher index, meaning that its 
phase is reversed as compared to the phase with-
out modulation. In FM and PM the energy that 
goes into the sidebands is taken from the carrier, 
the total power remaining the same regardless of 
the modulation index. 

Frequency Multiplication 

Since there is no change in amplitude with 
modulation, an FM or PM signal can be amplified 
by an ordinary Class C amplifier without dis-
tortion. The modulation can take place in a very 
low-level stage and the signal can then be ampli-
fied by either frequency multipliers or straight 
amplifiers. 

If the modulated signal is passed through one 
or more frequency multipliers, the modulation 
index is multiplied by the same factor that the 
carrier frequency is multiplied. For example, if 
modulation is applied on :3.5 Mc. and the final 
output is on 28 Mc. the total frequency multipli-
cation is 8 times, so if the frequency deviation is 
500 cycles at 3.5 Mc. it will be 4000 cycles at 28 
Mc. Frequency multiplication offers a means for 
obtaining practically any desired amount of fre-
queney deviation, whether or not the modulator 
itself is capable of giving that much deviation 
without distortion. 
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Narrow-Band FM and PM 

"Narrow-band" FM or PM, the only type that 
is authorized for use on the lower frequencies 
where the 'phone bands are crowded, is defined as 
FM or PM that does not occupy a wider channel 
than an AM signal having the same audio modu-
lating frequencies. Narrow-band operation re-
quires using a relatively small modulation index. 

If the modulation index (with single-tone 
modulation) does not exceed about 0.6 the most 
important extra sideband, the second, will be at 
least 20 db. below the unmodulated carrier level, 
and this should represent an effective channel 
width about equivalent to that of an AM signal. 
In the case of speech, a somewhat higher modula-
tion index can be used. This is because the energy 
distribution in a complex wave is such that the 
modulation index for any one frequency com-
ponent is reduced, as compared to the index with 
a sine wave having the same peak amplitude as 
the voice wave. 
The chief advantage of narrow-band FM or 

PM for frequencies below 30 Mc. is that it elimi-
nates or reduces certain types of interference to 
broadcast reception. Also, the modulating equip-
ment is relatively simple and inexpensive. How-
ever, assuming the same unmodulated carrier 
power in all cases, narrow-band FM or PM is 
not as effective as AM with the methods of re-
ception used by most amateurs. As shown by 
Fig. 11-2, at an index of 0.6 the amplitude of the 
first sideband is about 25 per cent of the un-
modulated-carrier amplitude; this compares with 
a sideband amplitude of 50 per cent in the case 
of a 100 per cent modulated AM transmitter. 
That is, so far as effectiveness is concerned, a nar-
row-band FM or PM transmitter is about equiva-
lent to a 100 per cent modulated AM transmitter 
operating at one-fourth the carrier power. 

Comparison of FM and PM 

Frequency modulation cannot be applied to an 
amplifier stage, but phase modulation eau. I'M 
is therefore readily adaptable to transmitters 

employing oscillators of high stability such as the 
crystal-controlled type. The amount of phase 
shift that can be obtained with good linearity is 
such that the maximum practicable modulation 
index is about 0.5 at the radio frequency at which 
the modulation takes place. Because the phase 
shift is proportional to the modulating frequency, 
this index can be used only at the highest fre-
quency present in the modulating signal, as-
suming that all frequencies will at one time or 
another have equal amplitudes. Taking 3000 
cycles as a suitable upper limit for voice work, 
and setting the modulation index at 0.5 for 3000 
cycles, the frequency response of the speech-
amplifier system above :3000 cycles must be 
sharply attenuated, to prevent sideband splatter. 
Also, if the " tinny" quality of PM as received 
on an FM receiver is to be avoided, the PM must 
be changed to FM, in which the modulation index 
decreases in inverse proportion to the modulating 
frequency. This requires shaping the speech-
amplifier frequency-response curve in such a way 
that the output voltage is inversely proportional 
to frequency, at least over the voice range. When 
this is done the maximum modulation index can 
only be used at the lowest audio frequency, 
approximately 100 cycles in voice transmission, 
and must decrease in proportion to the increase 
in frequency. The result is that the maximum 
linear frequency deviation is only about 50 cycles, 
when PM is changed to FM. To increase the 
deviation to 3000 cycles requires a frequency 
multiplication of 3000/50, or 60 times. 

In contrast, it is relatively easy to secure a 
fairly-large frequency deviation when a self-
controlled oscillator is frequency-modulated di-
rectly. (True frequency modulation of a crystal-
controlled oscillator results in only very small 
deviations and so requires a great deal of fre-
quency multiplication.) The chief problem is to 
maintain a satisfactory degree of carrier stability, 
since the greater the inherent stability of the 
oscillator the more difficult it is to secure a wide 
frequency swing with linearity. 

Methods of Frequency and Phase Modulation 

• FREQUENCY MODULATION 
The simplest and most satisfactory device for 

amateur FM is the reactance modulator. This is 
a vacuum tube connected to the r.f. tank circuit 
of an oscillator in such a way as to act as a 
variable inductance or capacitance. 

Fig. 11-3 is a representative circuit. The con-
trol grid of the modulator tube, M, is connected 
across the oscillator tank circuit, CILI, through 
resistor R1 and blecking condenser C2. C8 repre-
sents the input capacitance of the modulator 
tube. The resistance of R1 is made large com-
pared to the reactance of Cs, so the r.f. current 
through RIC8 will be practically in phase with 
the r.f. voltage appearing at the terminals of the 
tank circuit. However, the voltage across C8 

will lag the current by 90 degrees. The r.f. current 
in the plate circuit of the modulator will be in 
phase with the grid voltage, and consequently is 
90 degrees behind the current through C8, or 90 
degrees behind the r.f. tank voltage. This lagging 
current is drawn through the oscillator tank, 
giving the same effect as though an inductance 
wen connected across the tank. The frequency 
increases in proportion to the amplitude of the 
lagging plate current of the modulator. The audio 
voltage, introduced through a radio-frequency 
choke, /We, varies the transconductance of the 
tube and thereby varies the r.f. plate current. 
The modulated oscillator usually is operated 

on a relatively low frequency, so that a high order 
of carrier stability can be secured. Frequency 
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+ =-

RFC 

AF Input 

Fig. 11-.3— Reactance modulator using a high-trans-
condtwtance pentode (6SG7, 6AG7, etc.). 
Ci — R.I. tank capacitance (see text). 
C2. C3 0.001-dd. mica. 
C4, Cs, C6 — 0.00.17-Hfil. mica. 
C7 — 10-gfd. electrolytic. 
Cs — Tube input capacitance (see text). 
RI — 47,000 ohms. 
1(2 -- 0.17 megohm. 

—  Ser,,,, dropping resistor; select to give proper 
sercett voltage on type of modulator tube used. 

114 — Cathode bias resistor.; select as in case of Ra. 
— H. F. tank inductance. 

RFC — 2.5-mh. r.f. choke. 

multipliers are used to raise the frequency to the 
final frequency desired. The frequency deviation 
increases with the number of times the initial 
frequency is multiplied: for instance, if the 
oscillator is operated on 6.5 Mc. and the output 
frequency is to be 52 Mc., an oscillator frequency 
deviation of 1000 cycles will be raised to 8000 
cycles at the output frequency. 
A reactance modulator can be connected to a 

crystal oscillator as well as to the self-controlled 
type. However, the resulting signal is more phase-
modulated than it is frequency-modulated, for 
the reason that the frequency deviation that can 
be secured by varying the tuning of a crystal 
oscillator is quite small. 

Design Considerations 

The sensitivity of the modulator (frequency 
change per unit change in grid voltage) depends 
on the transconductance of the modulator tube. 
It increases when R1 is made smaller in compari-
son with C8. It also increases with an increase in 
L/C ratio in the oscillator tank circuit. Since the 
carrier stability of the oscillator depends on the 
L/C ratio, it is desirable to use the highest tank 
capacitance that will permit the desired deviation 
to be secured while keeping within the limits of 
linear operation. 
A change in any of the voltages on the modu-

lator tube will cause a change in r.f. plate current, 
and consequently a frequency change. Therefore 
it is advisable to use a regulated plate power 
supply for both modulator and oscillator. At the 
low voltages used (250 volts) the required stabili-
zation can be secured by means of gaseous regu-
lator tubes. 

Speech Amplification 

The speech amplifier preceding the modulator 
follows ordinary design, except that no power is 
required from it and the a.f. voltage taken by the 

modulator grid usually is small — not more 
than 10 or 15 volts, even with large modula-
tor tubes. Because of these modest require-
ments, only a few speech stages are needed; 
a two-stage amplifier consisting of a pentode 
followed by a triode, both resistance-coupled, 
will more than suffice for crystal micro-
phones. 

• PHASE MODULATION 
The same type of reactance-tube circuit 

that is used to vary the tuning of the oscilla-
tor tank in FM can be used to vary the 
tuning of an amplifier tank and thus vary 
the phase of the tank current for PM. Hence 
the modulator circuit of Fig. 11-3 can be 
used for PM if the reactance tube works on 
an amplifier tank instead of directly on a 
self-controlled oscillator. 
The phase shift that occurs when a circuit 

is detuned from resonance depends on the 
amount of detuning and the Q of the circuit. 
The higher the Q, the smaller the amount of 
detuning needed to secure a given number of 

degrees of phase shift. If the Q is at least 10, the 
relationship between phase shift and detuning (in 
kilocycles either side of the resonant frequency) 
will be substantially linear over a range of about 
25 degrees. From the standpoint of modulator 
sensitivity, the Q of the tuned circuit on which 
the modulator operates should be as high as 
possible. On the other hand, the effective Q of the 
circuit will not be very high if the amplifier is 
delivering power to a load since the load resist-
ance reduces the Q. There must therefore be a 
compromise between modulator sensitivity and 
r.f. power output from the modulated amplifier. 
An optimum figure for Q appears to be about 20; 
this allows reasonable loading of the modulated 
amplifier and the necessary tuning variation can 
be secured from a reactance modulator without 
difficulty. It is advisable to modulate at a very 
low power level — preferably in a transmitter 
stage where receiving-type tubes are used. 

Reactance modulation of an amplifier stage 
usually also results in simultaneous amplitude 
modulation because the modulated stage is de-
tuned from resonance as the phase is shifted. This 
must be eliminated by feeding the modulated 
signal through an amplitude limiter or one or 
more " saturating" stages — that is, amplifiers 
that are operated Class C and driven hard enough 
so that variations in the amplitude of the grid 
excitation produce no appreciable variations in 
the final output amplitude. 

For the same type of reactance modulator, the 
speech-amplifier gain required is the same for 
PM as for FM. However, as pointed out earlier, 
the fact that the actual frequency deviation in-
creases with the modulating audio frequency in 
PM makes it necessary to cut off the frequencies 
above about 3000 cycles before modulation takes 
place. If this is not done, unnecessary sidebands 
will be generated at frequencies considerably 
away from the carrier. 
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Reactance-Modulator Unit for Narrow-Band FM 
The FM speech-amplifier and modulator 

unit shown in Figs. 11-4 and 11-5 uses a 
pentode reactance modulator in a circuit which 
is basically that of Fig. 11-3. It differs only 
in the detail that the audio signal is applied to 
the control grid in parallel with the r.f. voltage 
from the oscillator, instead of the series-feed 
arrangement shown in Fig. 11-3. Because of 
the parallel feed, resistor R4 is incorporated in 
the circuit to prevent r.f. from appearing in the 
plat e circuit of the speech-amplifier tube. 
The unit uses miniature tubes for the sake of 

making a compact assembly that can be 
mounted in any convenient spot near the VFO 
tuned circuit. In Fig. 11-4 it is shown 
mounted on the outside of the VFO case. 
When this type of mounting is used the unit 
should be placed so that the lead between the 
VFO tuned circuit and the modulator is as 
short as possible. If there is space available, it 
is preferable to mount the unit inside the VFO 
cabinet. 
The chassis for the unit is 4 inches long by 2 

inches wide, and has a mounting lip 2 inches 
deep. As shown in the photographs, it is formed 
from a piece of aluminum with the edges turned 
over to stiffen it. The various com-
ponents are easily accommodated 
underneath. The r.f. leads should be 
kept short and separated as much as 
possible from the audio and power-
supply wiring. 

Filament and plate power can usu-
ally be taken from the VFO supply, 
since the total plate current is only a 
few milliamperes. Filament current 
required is 0.6 amp. The microphone 
input is carried through a shielded lead 

Fig. 11-4— Miniature reactance modulator that can 
be used with any VFO. The shielded lead is for micro-
phone input; the other two wires bring in filament and 
plate supply. 

to the unit, thus the microphone connector can 
be placed in any convenient location on the 
FO unit itself. Once the proper set ting of the 

Im.!. II -5 I ri.h•rm•atli tile modulator unit. The r.f. 
connection h, thr \ lo goes through the feed-through 
bushing at the let t. 

gain control is found it need not be touched 
again, so screwdriver adjustment is quite 
adequate. 
The adjustment of reactance modulators is 

discussed in a later section in this chapter. 

Speech Amp. 

From 
Modulator 

Connections to 
senes-tuned 

oscillator circuit 

Modulator 
C, 

 li  

1--.1% From 

Tube Mudutotor 

To tuned 
circuit 

of Osc. 

RK-

Cennettler. to 

electron-coupled 

oscdtator circuit 

Fig. 11-6— Circuit diagram of the narrow-hand FM 
modulator unit. 
— 680-am fd.  • .a. 

C2o Co - - 0.111-pfd paper, 400 volts. 
C3— 0.027,51d. paper, 200 volts. 
Co, Ca 17-aa fd. mica. 
lit — 1.2 megoluns, 1.; watt. 
112, Its megolun, Iz2" watt. 
113 -- 11.5-megolun potentiometer. 
Ro — 0.1 rnegolun, 1,¡ watt. 
Rs — 10,1/00 ohms, !-‘j watt. 
RS — 0.47 megolim, AI watt. 
117 — 390 ohms, watt. 
RFC — 2.5-mh. r.f. choke. 
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Checking FM and PM Transmitters 

Accurate checking of the operation of an 
FM or PM transmitter requires different 
methods than the corresponding checks on an 
A M set. This is because the common forms of 
measuring devices either indicate amplitude 
variations only (a d.c. milliammeter, for ex-
ample), or because their indications are most 
easily interpreted in terms of amplitude. There 
is no simple measuring instrument that indicates 
frequency deviation in a modulated signal 
directly. 

llon'•ever, t here is one favorable feature in 
FM or PM checking. The modulation takes 
place at a very low level and the stages follow-
ing the one that is modulated do not affect t he 
linearity of modulation so long as t hey are 
properly tuned. Therefore the modulation may 
be checked without putting the transmitter on the 
air, or even on a dummy antenna. The power is 
simply cut off the amplifiers following the 
modulated stage. This not only avoids unneces-
sary interference to other stations during test-
ing periods, but also keeps the signal at such a 

B 

• 0 

To Mod Grid 
Resistor 

rig. 11-7 -- 1).e. mrthod of checking frequency devia-
  of a reactaiii.i•-tiibe-modulated oscillator. A 500. 
or 1000-olim potent ..... cler may be used at R. 

low level that it may be observed quite easily 
on t he station receiver. A good receiver with a 
eryst al filter is an essential part- of the checking 
equipment of an FM or I'M transmitter, par-
ticularly for narrow-band FM or PM. 
The quantities to be checked in an FM or PM 

transmitter are the linearity and frequency 
deviation. Because of the essential difference 
between FM and PM the methods of checking 
differ in detail. 

Reactance-Tube FM 

It was explained earlier that in FM the fre-
quency deviation is the same at any audio mod-
ulation frequency if the audio signal amplitude 
does not vary. Since this is true at any audio 
frequency it is true at zero frequency. Conse-
quently it is possible to calibrate a reactance 
modulator by applying an adjustable d.c. 
voltage to the modulator grid and noting the 
change in oscillator frequency as the voltage 
is varied. A suitable circuit for applying the 
adjustable voltage is shown in Fig. 11-7. Tlie 
battery, B, should have a voltage of 3 to 6 
volts (two or more dry cells in series). The 
arrows indicate clip connections so that the 
battery polarity can be reversed. 
The oscillator frequency deviation should be 

measured by using a receiver in conjunction 
with an accurately-calibrated frequency meter, 

or by any means that will permit accurate 
measurement of frequency differences of a few 
hundred cycles. One simple method is to tune 
in the oscillator on the receiver (disconnecting 
the receiving antenna, if necessary, to keep the 
signal strength well below the overload point) 
and then set the receiver b.f.o. to zero beat. 
Then inciense the d.c. voltage applied to the 
modulator grid from zero in steps of about 
volt and note the beat frequency at each 
change. Then reverse the bat tery terminals and 
repeat. The frequency of the heat note may be 
measured by comparison with a calibrated 
audio-frequeney oscillator. Note that with the 
battery polarity positive with respect to ground 
the radio frequency will move in one direction 
when the voltage is increased, and in the other 
direction when the battery terminals are re-
versed. When several readings have been taken 
a curve may be plotted to demonstrate the rela-
tionship between grid voltage and frequency 
deviation. 
A sample curve is shown in Fig. 11-8. The 

usable portion of the curve is the center part 
which is essentially a straight line. The bending 
at the ends indicates that the modulator is no 
longer linear; this departure from linearity will 
cause harmonic distortion and will broaden the 
channel occupied by the signal. In the ex-
ample, the characteristic is linear 1.5 kc. on 
either side of the center or carrier frequency. 
This is the maximum deviation permissible at 
the frequency at which the measurement is 
made. At the final output frequency the devia-
tion will be multiplied by the same number of 
times that the measurement frequency is mul-
tiplied. This must be kept in mind when the 
check is made at a frequency that differs from 
the output frequency. 
A good modulation indicator is a "magic-

eye" tube such as the 6E5. This should be con-
nected across the grid resistor of the reactance 
modulator as shown in Fig. 11-9. Note its de-
flection (using the d.c. voltage method a.s in 
Fig. 11-7) at the maximum deviation to be 
used. This deflection represents " 100 per cent 

2000 

2000 
-3 -2 -1 o 01 

Grid-Voltage Deviation 
From Operating Bias 

+2 +3 

Fig. 11-8— A typical curve of frequency deviation vs. 
modulator grid voltage. 



290 
modulation" and with speech input the gain 
should be kept at the point where it is just 
reached on voice peaks. If the ti ansmitter is 
used on more than one band, the gain control 
should be marked at the proper setting for 
each band, because the signal amplitude that 
gives the correct deviati,in On one band ‘N ill 
be rit her too great or too small / ni ; lion her. For 
narrow-band FM the proper deviation is ap-
proximately 2000 cycles ( based on an upper 
al. limit of 3000 cycles and a deviation ratio 
of 0.7) at the final output frequency. If the out-
put frequency is in the 29-Mc, band and the 
oscillator is in 7 Mc., the deviation at the 
(meditate frequency should not exceed 2000,4, 
or 500 cycles. 

Checking with a Crystal-Filter Receiver 

With I'M the d.c. method of checking just 
described cannot be used, because the fre-
quency deviation at zero frequency also is zero. 
For narrow-band I'M it is necessary to check 
t he actual width of the (' liai iii occupied by the 
transmission. ("I'lle same method also can be 
used to cheek FM.) For this purpose it is 
necessary to have a crystal-filter receiver and 
an ILL t hat generates a 3000-cycle 
sine wave. 

Speech-Amp. 
Gain Control 

To Grid 

I Meg 

+250V 

Fig. 11.9 — 6E5 modulation lin irator for F‘l or PM 
modulators. To insure sufficient grid voltage for a good 
111 .111 .111011. it may he nece.“ars to connect the gain 
cool rol in the modulator grid circuit rather than in an 
earlier speecloamplilier stage. 

Keeping the signal intensity in the receiver 
at a medium level, tune in the carrier at the out-
put frequency. Do not use the ti.v.c. Switch on 
the beat oscillator, and set the crystal filter at 
its sharpest position. l'eak the signal on the 
crystal and adjust the b.f.o. for any convenient 
beat note. Then apply the 3000-cycle tone to 
the speech amplifier ( through an attenuator, 
if necessary, to avoid overloading; see chapter 
on audio ainplifiers) and increase the audio 
gain until there is a small amount of modula-
tion. Tuning the receiver near the carrier 
frequency will show the presence of sidebands 
3 kc. from the carrier on both sides. With 
low audio input, these two should be the only 
sidebands detectable. 
Now increase the audio gain and tune the 

receiver over a range of about 10 kc. on both 
sides of the carrier. When the gain becomes high 
enough, a second set of sidebands spaced 6 kc. 
on either side of the carrier will be detected. 
The signal amplitude at which these sidebands 
become detectable is the maximum speech am-
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plit tide that should be used. If the 6E5 I 
t ion indicator is incorporated in the modulat or, 
its deflection with the 3000-cycle tone will 
be the " 100 per cent modulation" deflection for 
speech. 
When this method of checking is used with a 

reactance-tube-modulated FM (not I'M) trans-
mitter, the linearity of the system can be 
chocked by observing tlie Carrier as the a.f. gain 
is slowly increased. The beat-note frequency 
will stay constant so long as the modulator 
is linear, but nonlinearity will be accompanied 
by a shift in the average carrier frequency 
t hat will cause the beat note to change in 
frequency. If such a shift occurs at the sanie 
time that the 6-kc, sidebands appear, the extra 
sidebands may be caused by modulator dis-
tortion rather than by an excessive modulation 
index. This means that the modulator is not 
capable of shifting the frequency over a wide-
enough range. The 6-ke. sidebands should ap-
pear before there is any shift in the carrier fre-
quency. 

R.F. Amplifiers 

The r.f. stages in the transmitter that follow 
the modulated stage may be designed and ad-
justed as in ordinary operation. In fact, there 
are no special requirements to be met except 
that all tank circuits should be carefully tuned 
to resonance (to prevent unwanted r.f. phase 
shifts that might interact with the modulation 
and thereby introduce hum, noise and dis-
tortion ). In neutralized stages, the neutraliza-
tion should be as exact as possible, also to 
minimize unwanted phase shifts. With FM and 
PNI, all r.f. stages in the transmitter can be 
operated at the manufacturer's maximum 
c.w.-telegraphy ratings, since the average 
power input does not vary with modulation as 
it does in AM 'phone operation. 
The output of the transmitter should be 

checked for amplitude modulation by observ-
ing the antenna current. It should not change 
from the unmodulated-carrier value when the 
transmitter is modulated. If there is no an-
tenna ammeter in the transmitter, a flashlight 
lamp and loop can be coupled to the final tank 
coil to serve as a current indicator. If the car-
rier amplitude is constant, the lamp brilliance 
will not change with modulation. 

Amplitude modulation accompanying FM 
or I'M is just as much to be avoided as fre-
quency or phase modulation that accompanies 
AM. A mixture of AM with either of the other 
two systems results in the generation of spuri-
ous sidebands and consequent widening of the 
channel. If the presence of AM is indicated by 
variation of antenna current with modulation, 
the cause is almost certain to be nonlinearity in 
the modulator. In very wide-band FM the selec-
tivity of the transmitter tank circuits may cause 
the amplitude to decrease at high deviations, 
but this condition is not likely to occur on ama-
teur frequencies at which wide-band FM would 
be used. 
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Reduced-Carrier and 
Single-Sideband 
The most significant development in amateur 

radiotelephony in the past several years has been 
the increased use of single-sit leband suppressed-
carrier transmissions. This system has tremen-
dous potentialities for increasing the effectiveness 
of 'phone transmission and for reducing inter-
ference. Because only one of the two sidebands 
normally produced in modulation is transmit toil, 
the channel width is immediately cut in half. 
lowever, when only one sideband is transmitted 

the carrier — which is essential in double-side-
band transmission — no longer is necessary; it 
can be supplied without too much difficulty at the 
receiver. With the carrier eliminated there is a 
great saving in power at the transmitter — or, 
from another viewpoint, a great increase in effec-
tive power output. Assuming that the same final-
amplifier tube or tubes are used either for normal 
AM or for single-sideband, carrier suppressed, it 
can be shown that the use of SSB can give an 
effective gain of 9 ( lb. over AM — equivalent 
to increasing the transmitter power 8 times. 
Eliminating t he rarrier also eliminates the hetero-
dyne in tenon lire that wrecks so much communi-
cation in congested 'phone bands. 

• SUPPRESSING THE CARRIER 
The carrier can be suppressed or nearly elimi-

nated by an extremely sharp filter or by using a 
balanced modulator. The basic principle in any 
balanced modulator is to introduce the carrier in 
such a way that it ( loes not appear in the output 
but so that the sidebands will. This requirement 
is satisfied by int roducing the audio in push-pull 
and the r.f. drive in parallel, and connecting the 
output (plate circuit) of the tubes in push-pull, 
as shown in Fig. 12-1A. Balanced modulators 
can also be connected with the r.f. drive and 
audio inputs in push-pull and the output in 
parallel ( Fig. 12-1B) with equal effectiveness. The 
choice of a balanced modulator circuit is generally 
determined by constructional considerat i(ins and 
the method of modulation preferred by the 
I wilder. Screen-grid modulation is shown in the 
examples in Fig. 12-1, but control-grid or plate 
modulation can be used equally as well. Balanced-
modulator circuits using four rectifiers ( germa-
nium, copper oxide, or thermionic) in " bridge" or 
"ring" circuits are often used, particularly in 
commercial applications. Two-rectifier circuits 
are also available, and they are widely used in 
amateur SSB equipment. Examples of rectifier-
type balanced modulators are shown in Fig. 12-2. 

In any of the vacuum-tube circuits, there will 
be no output with no audio signal because the cir-
cuits are balanced. The signal from one tube is 
balanced or cancelled in the output circuit by the 
signal from the other tube. The circuits are thus 
balanced for any value of parallel audio signal. 
When push-pull audio is applied, the modulating 
voltages are of opposite polarity, and one tube 
will conduct more than the other. Since any mod-
ulation process is the same as " mixing" in re-
ceivers, sum and difference frequencies (side-
bands) will be generated. The modulator is not 

ft p 
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R F 0  
Erataten 
f o  

Fig. 12-1 — Two ex:trill/II', I I balanced- Itilatcir eir-
cults using screen-grid  lulation. In the r.f. e • vita-
Lion is in parallel in both tulit s, and the audio and ,la-
pin are in push-pull. In B the exeitati .... and audio are 
in push-pull, the output is in parallel. In either case, the 
carrier frequency, f. doe: not appear in the output cir-
cuit — only the tsso - ich•liacid frequencies, f and 
f — P. will appear. The bias fed to the se'reects is a 
practical requirement us It ti all sereecc- ,, rill tot,- for 
propel linear operation, and is not a speei.d req 1111.1.1111 .111( 
of balanced modulators. 
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Fig. 12-2— Typical rectifier-type bal-
anced modulators. 
The circuit at A is called a "bridge" 

balanced modulator and has been 
widely used in c ...... neri•ial work. 
The- balaneed  lidator at 11 is 

shown with constants suitable for op-
end'  at 1711 L.r. It k o.•ful for work-
ing into a cry , tal banilpa••, filter. Ti 
is a transformer designed to work from 
the audio source into a 600-iihin load, 
and T2 is an ordinary i. f. transformer 
with the trimmer rets •eted in series 
with a 0.001-gfd. condenser, for im-
pedance-matching purposes f  the 
modulator. The • lenser CI is for 
carrier balance and may be found un-
necessary in some instances -- it should 
be tried connected on either of the 
carrier input circuit and used where it 
is more ell. eeti ve. The 250-olun poten-
tiometer i, normally all that is required 
for carrier balance. The carrier input 
si lil be sufficient to develop ses eral 
volt: den., the resistor string. 
The balanced modulator circuit at C 

is shim n with constants suitable for 
operation at 3.9 Mc. Ta is a small 
step-down tortoni transformer (UTC 
It-38A), shunt- fed to eliminate d.c. 
from the windings. Li can lie a small 
coupling coil ', mind on the "cold" end 
of the carrier-,,,eillator tank coil, with 
sufficient coupling to give two or three 
N ot t s of r.f. across its output. 1.2 is a 
slug-tuned coil that resonates to the 
carrier frequency with the effective 
0.001 afd. across it. The 1000-ohm 
potentiometer is for carrier balance. 
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balanced for t he sidebands, and they will appear 
in the output. 
The anynint, of carrier suppression is dependent 

upon the matching of the two tubes and their 
associated circuits. Normally two tubes of the 
saine type will balance closely enough to give at 
least 15 or 20 di,. carrier suppression without any 
adjustment. If further suppression is required, 
trimmer condensers to balance the grid-plate 
captetit tits and separate bias adjustments for set-
ting the operat ing points can be used. 

In the rem ype balanced modulators shown 
in Fig. 12-2, the diode rectifiers are connected in 
swill a manlier that, if they have equal forward re-
sistances, no r.f, can pass from the carrier sourie 
to the output circuit via either of the two possible 
paths. The net effect is that no r.f. energy ap-
pears in the output. When audio is applied, it 
unbalances the circuit by biasing the diode (or 
Elio(los) in one path, depending upon the instan-
taneous polarity of the audio, and hence some 
r.f. will appear in the output. The r.f. in the out-
put will appear a.s a double-sideband suppressed-
carrier signal. (For a more complete description 
of diode-modulator operation, see " Diode Mod-
ulators," QS7', April, 1953, page 39.) 

In any diode modulator, the r.f, voltage should 
be at least ti uiS times the peak audio voltage, for 
minimum ( list ,, rt ion. The usual operation involves 
a fraction of a volt of audio and several volts of 
r.f. The diodes slmuld be matched as closely as 
possible — ohmmeter measurements of their for-
ward resistances is the usual test. 
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(The circuit of Fig. 12-2B is deseribed more 
fully in Weaver and Brown, " Cryst al Lattice 
Filters for Transmitting and Rereiying," QS7', 
August, 1951. The circuit, of Fig. 12-2C is suitable 
for use in a double-balatived-modulator cireuit 
and is 5,, described in " B. Jr.," General Elertric 
Ham A, ,,,. September, W50.) 

• REDUCED-CARRIER SIGNALS 

),,u1,1e-sideband reduced-carrier siglaals, ob-
tained by unbalancing a balanced modulator 
sufficient ly to allow some carrier to appear in the 
output, offer a number of advantages over con-
ventional AM signals: considerably higher efli-
cieney, where efficiency is defined as the ratio 
of sileband (useful) power output to total power 
input; high output with comparatively little 
audio power; and a considerable reduction in 
heterodyne interference. The signal can be re-
ceived by ordinary methods, and merely sounds 
as though it had "a lot of modulation for the 
carrier." 

In ordinary amplitude-modulated systems, the 
sideband amplitude can never exceed 0.5 the 
carrier atnplitude without generating spurious 
side frequencies (when sine-wave modulation is 
used). Under these conditions, of the total 
power is in the carrier and 3, is in the sidebands. 
However, with DSRC, generated by the un-
balancing of a balanced modulator, it is possible 
to have arty amplitude of sidebands witinnit 
generating spurious side frequencies. In practical 



SINGLE-SIDEBAND 

tests it, has been found that a modulation factor 
of 4 is perfectly practical, and the distortion 
under normal demodulation is not enough to 
impair the communication value of the signal. 
Under these conditions, the sideband power is 
2V.2 times as great as could be obtained with 
straight A3 transmission (grid-modulated) with 
the same tubes, or about %.t of what could be 
obtained with the same tubes plate-modulated 
100 per cent. Since the audio-power requirements 
can be kept low, and the no-modulation plate 
current may be only a little more than half of the 
full-signal plate current, the advantages of DSRC 
are obvious for work where the total power avail-
able is limited, as in mobile or portable work. 
A DSRC signal can be generated at a low power 

level and amplified in a linear amplifier (discussed 
later in this chapter). Under these conditions, a 
relatively powerful signal can be obtained with a 
minimum of audio power and total power input 
to the entire transmitter. 

(For further information on DSRC, see Gram-
mer, " D.S.R.C. Radiotelephony," QST, May, 
1951, and Grammer, " Practical D.S.R.b. 
Transmitter Design," QST, June, 1951.) 

• SINGLE-SIDEBAND GENERATORS 
Two basic systems for generating SSB signals 

are shown in Pig. 12-2. One involves the use of a 
bandpass filter having sufficient selectivity to pass 
one sideband and reject the other. Filters having 
such characteristics can only be constructed for 
relatively low frequencies, and most filters used 
by amateurs are designed to work somewhere be-
tween 10 and 20 kc. Good sideband filtering can 
be done at frequencies as high as 500 kc. by using 
multiple-crystal or electromechanical filters. The 
low-frequency oscillator output is combined with 
the audio output of a speech amplifier in a bal-
anced modulator, and only the upper and lower 
sidebands appear in the output. One of the side-
bands is passed by the filter and the other re-
jected, so that an SSB signal is fed to the mixer. 
The signal is there mixed with the output of a 
high-frequeficy r.f. oscillator to produce the de-
sired output frequency. For additional amplifica-
tion a linear r.f. amplifier (Class A or Class 
must be used. When the SSB signal is generated 
at 10 or 20 kc., it is generally first heterodyned to 
somewhere around 500 he. and then to the operat-
ing frequency. This simplifies the problem of re-
jecting the " image" frequencies resulting from 
the heterodyne process. Thu • problem of image fre-
quencies in the frequency conversions of SSI1 
signals differs from the problem in receivers be-
cause the beating-oscillator frequency heroines 
important. Either balanced modulators or 
sufficient selectivity must be used to attenuate 
these frequencies in the output and hence mini-
mize the possibility of unwanted radiations. 
The second system is based on the phase rela-

tionships between the carrier and sidebands in a 
modulated signal. As shown in the (liagram, the 
audio signal is split into two components that are 
identical except for a phase difference of 90 de-
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grecs. The output of the r.f. oscillator (which may 
be at the operating frequency, if desired) is like-
wise split into two separate components having a 
90-degree phase difference. One r.f. and one audio 
component are combined in each of two separate 
balanced modulators. The carrier is suppressed in 
the modulators, and the relative phases of the 
sidebands are such that one sideband is balanced 
out and the other is accentuated in the combined 
output. If the output from the balanced modu-
lators is high enough, such an SSB exciter can 
work directly into the antenna, or the power 
level can be increased in a following amplifier. 

Properly adjusted, either system is capable of 
good results. Arguments in favor of the filter sys-
tem are that it is somewhat easier to adjust with-
out an oscilloscope, since it requires only a re-
ceiver and a v.t.v.m. for alignment, and it is more 
likely to remain in adjustment over a long period 
of time. The chief argument against it, from the 
amateur viewpoint, is that it requires quite a few 
stages and at least one frequency conversion after 
modulation. The phasing system requires fewer 
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Fig. 12-3 — Two basic systems for generating single-
sideband suppressed-carrier signals. 

stages and can be designed to require no fre-
queney conversion, but its alignment and adjust-
ment are often considered to be a little " trickier" 
than that of the filter system. This probably 
stemmed from lack of familiarity with the system 
rather than any actual difficulty, and now that 
commercially-available preadjusted audio-phas-
ing networks are available, most of the alignment 
difficulty has been eliminated. In most cases the 
phasing system will cost less to apply to an 
existing transmitter. 

Regardless of the method used to generate a 
SSB signal of 5 or 10 watts, the minimum cost 
will be found to be higher than for an AM trans-
mitter of the same low power. However, as the 
power level is increased, the SSB transmitter 
becomes more economical than the AM rig, both 
initially and from an operating standpoint. 
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• AMPLIFICATION OF SSB SIGNALS 
When an 88B signal is generated at some fre-

quency other than the operating frequency, it is 
necessary to change frequencv by heterodyne 
methods. These are exactly the same as those 
used in reeeivers, it nil any of the normal mixer 
or converter circuit s ). 111 Is) used. One exception 
to this is the case where the original signal inel the 
heterodyning oscillator are not too different in 
frequency (as when heterodyning a 20-1(e. signal 
to 500 kc.) and, in this case, a balanced mixer 
should be used, to eliminate the heterodyning 
oscillator frequency in the output. 
To increase the power level of an 8813 signal, 

a linear amplifier must be used. The simplest 
form of linear amplifier ( r. f. or audio) is the Class 
A amplifier, which is used almost without ex-
ception throughout receivers and low-level 
speech equipment. While its linearity can be 
made relatively good, it is inefficient. The theo-
retical limit of efficiency is 50 per cent, and most 
practical amplifiers run 25-35 per cent efficient 
at full output. At low levels this is not worth 
worrying about, but when the 2- to 10-watt level 
is exceeded something else must be done to im-
prove this efficiency and reduce tube, power-
supply and operating costs. 

Class AB amplifiers make excellent linear am-
plifiers if suitable tubes are selected. Primary ad-
vantages of Class Alla amplifiers are that they 
give much greater output than straight Class A 
amplifiers using the same tubes, :111(1 they do not 
require any grid driving power (no grid current 
drawn at any time). Although triodes can be used 
for Class Alla operation, tetrodes or pentodes are 
usually to be preferred, since Class A131 operation 
requires high peak plate current without grid 
current, and this is easier to obtain in tetrodes 
and pentodes than in most triodes. 
To obtain maximum output from tetrodes, 

pentodes and most triodes, it is necessary to op-
erate them in Class AB2. Although this produces 
maximum peak output, it increases the driving-
power requirements and, what is more important, 
requires that the driver regulation ( ability to 
maintain waveform under varying load) be good 
or excellent. The usual method to improve the 
driver regulation is to add fixed resistors across 
the grid circuit of the driven stage, to offer a load 
to 1.11e driver that is modified only slightly by the 
additional load of the tube %non it is driven into 
the grid-current region. This ittemases the driver's 
output-power requirements. Further, it is desira-
ble to make the grid circuit of the Class Aliz 
stage a high-C circuit, to improve regulation and 
simplify coupling to the driver. A " stifT" bias 
source is also required, since it is important that, 
the bias remain constant, whether or not grid 
current is (1r:twit. 

Class B amplifiers are theoretically capable of 
78.5 per cent efficiency at full output, and practi-
eel amplifiers run at 60-70 per cent efficieney at 
full output. Tubes normally designed for Class B 
audio work can be used in r.f. linear amplifiers 
and will operate at the same power rating and 
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efficiency provided, of course, that the tube is 
capable of operation at the radio frequency. The 
operating conditions for r.f. are substantially the 
same as for audio work — the only difference is 
that the input and output transformers are re-
placed by suitable r.f. tank circuits. Further, in 
r.f. circuits it is readily possible to operate only 
one tube if only half the power is wanted — push-
pull is not a necessity in Class B r.f. work. 
However, the r.f. harmonics will be higher in 
the ease of the single-ended amplifier, and this 
should be taken into consideration if TVI is a 
problem. 

For proper operation of Class B amplifiers, and 
to reduce harmonics and facilitate coupling, the 
input and output circuits should not have a low 
C-to-L ratio. A good guide to the proper size of 
tuning condenser is Figs. 6-9 and 6-17 and, 
in case of any doubt, it is well to be on the high-
capacity side. If zero-bias tubes are used in the 
Class B stage, it may not be necessary to atdd 
much "swamping" resistance across the grid 
circuit, because the grids of the tubes load the 
circuit at all times. however, with other tubes 
that require bias, the swamping resistor should 
be such that it dissipates from five to ten tintes 
the power required by the grids of the tubes. This 
will insure an almost constant load on the driver 
stage and good regulation of the grid voltage of 
the Class B stage. 

Before going into detail on the adjustment and 
loading of the linear amplifier, a few general con-
siderations should be kept in mind. If proper 
operation is expected, it is essential that the 
amplifier be so constructed, wired and neutral-
ized that no trace of regeneration or parasitic 
instability remains. Needless to say, this also ap-
plies to the stages driving it. 
The bias supply to the Class B linear amplifier 

should be quite stiff, such as batteries or some 
form of voltage regulator. If nonlinearity is no-
ticed when testing the unit, the bias supply may 
be checked by means of a large electrolytic capac-
itor. Simply shunt the supply with 100 pfd. or so 
of capacity and see if the linearity improves. If so, 
rebuild the bias supply for better regulation. 
Do not rely on a large condenser alone. 
Where tetrodes or ixtntades are used, the screen 

supply should have good regulation and its 
voltage should remain constant under the varying 
current demands. If the maximum screen current 
does not exceed 30 or 35 ma., a string of V11, tubes 
in series can be used to regulate the screen voltage. 
If the current demand is higher, it may be neces-
sary to use an electronically-regulated power 
supply or a heavily-bled power supply with a 
eurrent capacity of several times the current 
demand of the screen circuit. 
Where 11t tubes are used to regulate the 

screen supply, they should be selected to give a 
regulated voltage as close as possible to the tube's 
rated voltage, but it does not have to be exact. 
Minor differences in idling plate current cart be 
made up by readjusting the grid bias. 
From the standpoint of ease of adjustment and 

availability of proper operating voltages, a linear 
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amplifier with Class AB' tetrodes or pentodes or 
one with zero-bias Class 13 triodes would lw first 
choice. The Class 13 amplifier would require more 
driving power. (For examples of Class A131 tet-
rode amplifiers, see Russ, " The ' Little Firecracker' 
Linear Amplifier," QST, September, 1953, and 
Er kli:t nit , " The Single Side-Saddle Linear," 
QST, November, 1953.) 

Table 12-I lists a few of the more popular tubes 
commonly used for Ss13 linear-amplifier opera-
tion. Except where ut herwise noted, these ratings 
are those given by Ow manufacturer for audio 
work and and as Such :tre 1)aseil on a sine-wave 
signal. These ratings are adequate ones for use in 
SS13 amplifier design, but t wy are conservative 
for such work and heure do not necessarily rep-
resent the maximum powers that can be obtained 
from the tubes in voire-signal SSI3 service. In no 
ease should the average plate dissipation be ex-
ceeded for any eonsiderable length of time, but 
the nature of a SSB signal is such that the average 
plate dissipation of the tube will run well below 
the peak plate dissipation. Hence in 5511 opera-
tion the peak plate dissipation may exceed the 
average by several times. 

Getting the most out of a linear amplifier is 
done by increasing the peak power without ex-
ceeding the average plate dissipation over any 
appreciable length of time. This can be done by 
raising the plate voltage or the peak current (or 
both), provided the tube can withstand the in-
crease. For example, the 6146 is shown with 750 
volts maximum on the plate, and it is quite likely 
that this can be increased to 900 or 1000 volts 
without any appreciable shortening of the life 
of the tube. However, the manufacturers have not 
released any data on such operation, and any ex-
trapolation of the audio ratings is at the risk of 
the amateur. A 35- to 50-per rent increase above 
plate-voltage ratings should be perfectly safe in 
most eases. In a tetrode or pent o( le, the peak plate 
current can be boosted sonic hy raising the screen 
voltage. 
When running a linear amplifier at considerably 

higher than the audio ratings, the " two-tone test 
signal" (described below ) should never be applied 
at full amplitude for more than a few seconds at 
any one time. The above statements about work-
ing tubes above ratings apply only when a voice 
signal is used — a prolonged whistle or two-tone 
test signal may damage the tube. 

Oseillogram of a 
two-tone test signal through 
a linear amplifier. 

Adjustment of Amplifiers 

The two critical adjustments for obtaining 
proper operation from the linear amplifier are 
the plate loading and the grid drive. Since these 
adjust 'milts are preferably made with power on, 
it is a matter of practical convenience to have 
both controls readily available, at least during 
initial tune-up. 

The 'scope can show misadjustment at a glance 
and will greatly facilitate all adjustments. In 
addition, it is the most reliable instrument for 
ol)surving modulation amplitude and, once used, 
is likely to become the most nearly essential in-
strument in the shark. 
With single sideband, 100 per cent modulation 

with a single tone is a pure r.f. output with no 
modulation envelope, and the point of amplifier 
overload is difficult to observe. however, if the 
input signal consists of two sine waves of different 
frequencies ( for example, 1000 c.p.s. difference) 
but equal amplitudes, the output of the single-
sideband transmitter should have the envelope 
shown in Fig. 12-4. This is called a " two-tone" 
test signal to distinguish it from other test signals. 
Its first advantage lies in the fact that any flat-
tening of the positive peaks is readily discernible, 
which makes the adjustment of the linear-ampli-
fier drive and output coupling as simple a pro-
cedure as that for AM systems. Flattening of the 
iwaks t to be avoided) is illustrated in Fig. 12-5. 
Those who use Ile) filter method for obtaining 

single-sideband signals can obtain such a test 
signal by mixing the output of two audio oscilla-
tors of gi sal waveform. The experimenters using 
the phasing metleal of single-side-band signal 
generation will recognize the pattern as that ob-
tained when a single test tone is applied to one of 
the balanced modulators. For this latter group 
a two-tone test signal may be readily obtained 
by disabling one of the balanced modulators in 
the exciter and applying a single input tone. 
Suppose that the linear amplifier has been 

coupled to a dummy load and the single-sideband 
exciter has been connected to its input. By ob-
serving the oscilloscope coupled to the amplifier 
output, it will be possible to adjust the drive and 
output coupling so that the peaks of the two-tone 
test signal waveform are on the verge of flatten-
ing. The peak input mover may now lw checked. 
This is readily 1). rsi Idi), for with the two-tone test 

Fig. 12-5 — Flattening 
caused by overdrive or in-
sufficient plate loading. 

Fig. 12-6 — The distorted 
pattern obtained when the 
bias voltage is incorrect. 



TABLE 1 2 - I - LINEAR-AMPLIFIER TUBE- OPERATION DATA 

Except where otherwise noted, ratings are manufacturers for audio operation. Values given are for one tube. Driving powers represent tube losses only-circuit losses will increase the figures 

Tube Class Plate 
Voltage 

Screen 
Voltage 

D.C. Grid 
Voltage 

Zero-Sig. 
D.C. Plate 
Current 

Max.-Sig. 
D.C. Plate 
Current 

Zero-Sig. 
D.C. Screen 
Current 

Max.-Sig. 
D.C. Screen 
Current 

Peak R.F. 
Grid 

Voltage 

Max.-Sig 
Avg. Grid 
Current 

Max.-Sig. 
Avg. Driving 

Power 

Max.-Rated 
Screen 

Dissipation 

Max.-Rated 
Grid 

Dissipation 
Avg. Plate 
Dissipation 

Max.-Sig. 
Useful Power 

Output 

Al 250 200 - 14 35 42- 7 10 14 - 0  2.5  10 5 
2E26 

A132 400 125 
500 125 

15 
15 

10 
11 

75 
75 

16 
16 

30 
30 

.2 25 
2.5  

10 
12.5  

21 
27 

6146 
MIL 600 200 56-- 

750 200 50 
26 
29 

120 
114 

.6 

.5 
13 
14 

50 
50 - 

.2 

o 
o 3 

3 
25 
25 

- 47 
60 

A11 2 600 
750 

185 50 
165 45 

21 
18 

135 
120 

.5 

.3 
15 

11 
si--- 
51 

.4 

.4 
.02 3 

3   
25 
25  

58 
65 

807 
1625 AB 2 600 

750 
300 
300 

- 30 
-- 32 

30 
26 

100 
120 

.4 

.3 
6 

8 
39 

46   

.02 

.1 3.5 

3.5 

25 

30 

40 

 60  

811-A B 

- 
1000 
1250 
1500 

- 
- 
- 

0 
0 

- 4.5 

22 
27 
16 

175 
175 
157 - 

- 
- 

93 
88 
85  

13 

.1 
-  

3.8 - 
3.0 
2.2 - 

65 
65 
65 

124 
155 
170 

AB' 
1000 
1500 
1750 

500 
500 
500 

- 85 
- 85 
- 90 

15 
15 
10 

85 
90 
85 

o 
o 
o 

12 
7 
9 

85 
85 
90 

• 
o 10 
0 10 
0 10 

45 --- 

63 
62 

40-
73 

 88 

4-65A A112 
1000 
1500 
1800 

250 
250 
250  

._ _ 
- 301 
- 35 1 
- 351 

_ 
30 
30 
25 

150 
125 
110 

0 
0 
0 

23 
15 
13 

105 

100 
90 

2.5 i 10 5 
1.6 j 10 5 
1.1 1 10 5 

--- ïs 
63 
63 

85 - 
125 
135 

112 

1500 - 

2000 
2500 

- 
300 
400 
500 

--- 501 
- 75 1 
-1001 

33 
25 
20 

200 
270 
230 

0 
0 
0 

351 
503 
35'1 

190 
270 
300 

13 
17 
6 

2.4 10 5 
4.6 10 5 

 1.8 10 5 

60 
65 
65 

150-
300 
325 

813 A152 
2000 
2250 
2500 

750 
750 
750 

- 90 
- 90 
- 95 

20-  
23 
18 

158 
158 
180 

.8 

.8 

.6 

29 
29 
28 

115 
115 
118  

.1 

.1 
22 
22 
22 

- 100 - 
100 
125 

- 228--
258 
325 

4-125A 

AB, 
1500 
2000 
2500 

600 
600 
600 

- 901 
- 94' 
- 96' 

_ 

30 
25 
25 

_ 
Ill 
120 
116 

9 
3 
4 

90 
94 
96 - 

.2 

0 
0 
0 

20 
20 
20 

88 
125 
125 

- 79 

115 
165 

AB2 
1500 
2000 
2500 

350 
350 
350 

- 41' 
- 45' 
- 43' 

44 
36 
47 

- 
200 

150 
130 

0 
0 
0 

17 
3 
3 

141 
105 
89 

9 
7 
6 

1.25 
.7 
.5  

20 
20 
20 

5 
5 
5  

125 
125 
122 

175 
175 
200 

4-250A 

A131 

1500 - 
2000 
2500 
3000 

-- 600 - 
600 
600 
600 

- 95' 
-104' 
-110' 
-1161 

66 
55 
60 
60 

- 200 - 
203 
215 
209 

- .2 12 
11 
7 
5 

64 
88 
90 
93 

- 
- 

o 
o 
o 
o 

35 
35 
35 
35 

145 
175 
225 
250 

155 
230 
313 
375 

AB: 

-- 
1500 
2000 
2500 
3000 

- 
300 
300 
300 
300 

- 48' 
- 481 
- 51 1 
- 53' 

50 
60 
60 
63 

243 
255 
250 
237 

o 
0 
0 
o 

17 
13 
12 
17 

96 
99 
100 
99 

11 
12 
11 
10 

1.1 
1.2 
1.1 
1 

35 
35 
35 
35 

10 
10 
10 
10 

150 
185 
203 
190  

214 
325 
420 
520 

304TL AB 
1500 
2000 
3000 

- 
- 
- 

-105-  
-160 
-260 

135 
100 
65 

286 - 
273 - 
222 - 

- 
- 
- 

105 
160 
260 

- 0 
o 
o 

---. 300 
300 
300 

128 
245 
365  

_ _ 

1Adjust to give stated zero-signal plate current. 
2Single-sideband suppressed -carrier linear amplifier ratings, voice signal. 
3Due to intermittent nature of voice, average dissipation is considerably less than max.- signal dissipation. 
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signal applied, the peak input power will be 1.57 
times the d.c. power input to the linear amplifier. 
Should this be different from the design value 
for the particular linear amplifier, the drive and 
loading adjustments can be quickly changed in 
the proper direction (always adjusting the loading 
so that the peaks of the envelope are on the verge 
of flattening) and the proper value reached. 
As a final check, before coupling the linear 

amplifier to the antenna, the single-sideband 
operator will do well to check the linearity of the 
system, since distortion in the linear amplifier 
probably will result in the generation of sidebands 
on the side that was suppressed in the exciter. 
here again the two-tone test, signal will be of 
great help, since distortion of the signal will be 
readily recognized. A check of the bias supply 
has already been recommended. The next most 
likely form of distortion will be caused by curva-
ture of the tube characteristic near cut-off, and 
will be recognizable from a two-tone test pattern 
that looks like Fig. 12-6. A slight readjustment 
of bias ( or applying a few volts of positive or 
negative bias, in the case of zero-bias tubes) will 
usually straighten out the kink that exists where 
the pattern crosses the zero axis. Make titis ad-
justment with special care, however, because the 
dissipation of the tubes with no input signal will 
be very sensitive to this adjustment. There are 
a few tubes that will not permit this adjustment 
to be carried to the point where the kink is en-
tirely eliminated without exceeding the rated 
plate dissipation. 
The antenna may now be coupled to the linear 

amplifier until the plate input with t he excitai ion 
as determined above is the same : Is t hat obtained 
with the dummy load. The syst cm has now I wen 
adjusted for optimum perfora:  although it is 
well to monitor it with a scopc. 
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(For further reading on linear amplifiers, see 

Long, " Sugar-Coated Linear-Amplifier Theory," 
QST, October, 1951, and Ehrlich, " How To Test 
and Align a Linear Amplifier," QST, May, 1952.) 

• VOICE-CONTROLLED BREAK-IN 
Although it is possible for two SSB stations 

operating on widely different frequencies to 
work " duplex" if the carrier suppression is great 
enough (inadequate carrier suppression would 
be a violation of the FCC rules), most SSB 
operators prefer to use voice-controlled break-in 
and operate on the same frequency. This over-
comes any possibility of violating the FCC rules 
and permits three or more stations to engage in 
a " round table." 
Many various systems of voice-controlled 

break-in are in use, but they are all basically the 
same. Some of the audio from the speech amplifier 
is amplified and rectified, and the resultant d.c. 
signal is used to key an oscillator and one or more 
stages in the SSB transmitter and " blank" the 
receiver at the time that the transmitter is on. 
Thus the transmitter is on at any and all times 
that the operator is speaking but is off during the 
intervals between sentences. The voice-control 
circuit must have a small amount of " hold" 
built into it, so that it will hold in between words, 
but it should be made to turn on rapidly at the 
slightest voice signal coming through the speech 
amplifier. Both tube and relay keyers have been 
used with good success. Most voice-control 
systems require the use of headphones by the 
operator, but a loudspeaker can be used with the 
proper circuit. (See Nowak, " Voice-Controlled 
Break-In . . . and a Loudspeaker," QST, May, 
1951, and Hunter, " Simplified Voice Control 
with a Loudspeaker," QST, October, 1953.) 

A Phasing-Type SSB Exciter 

The exciter shown in Figs. 12-7, 12-9 and 12-12 
is an excellent unit for the amateur who might 
like to try single-sideband with a minimum of 
cost and effort. It requires r.f. driving power from 
one's present exciter and a power supply. It: will 
deliver SSli output in the 3.9-Mc. phone band, 
iii hur t.) an antenna for local work or to an r.f. 
amplifier adjusted for linear operation. The oper-
ating frequency can lw varied over a wide range 
without seriously impairing the adjustment. 
Provision is made for transmitting either the 
upper or the lower sideband. 
The schematic of the exciter is shown in Fig. 

12-8. Four 6V6 tubes are used as balanced modu-
lators. The plate circuit of the balanced modula-
tors uses a push-pull-parallel arrangement. The 
grids of one pair of balanced modulators are fed 
through a phase-shift network consisting of a 
300-ohm resistor and an inductance that is a(I-
justable to 300 ohms reactance at the operating 
frequency. The grids of the second pair of bal-
anced modulators are fed through a phase-shift 

network consisting of a 300-ohm resistor and a 
condenser which is adjustable to 300 ohms re-
aetance at the operating frequency. The input 
impedance of the two phase-shift networks in 
parallel is 300 ohms. 
Each balanced-modulator tube grid is fed 

through a blocking condenser and provided with 
grid-leak bias. The bias circuit of each balanced 
modulator is made adjustable for control of the 
carrier suppression. Provision is also made for the 
addition of fixed bias, in case the exciter is used 
in a voice-controlled circuit where the r.f. ex-
citation is removed (luring listening periods. 

Screen modulation is used, and the screen of 
each modulator tube is by-passed to ground for 
r.f. A transformer with a center-tapped secondary 
is used in the output of each audio amplifier to 
provide push-pull modulating voltages. 
A reversing switch, St, allows switching to 

either the upper or lower sideband. If this switch 
has a center '' off'' position, it will facilitate using 
the " two-tone test" procedure mentioned earlier. 



298 

U-7 — A small single-sideband exciter that in-
cludes voice-controlled break-in. Receiving-type tubes 
are used throughout. 

Nlicrophone input and audio gain control are at the 
left-hand side of the front — the switch select.. t he upper 
or lower sideband. ( Revised version, 2L NJ, Aug., 
1949, QST.) 

A voltage divider is inserted bet ween each output 
of the audio phase-shift net work and the corre-
sponding amplifier grid. One of these voltage 
dividers is made variable to provide for balancing 
of the two audio channels. The net wi irk constants 
are compensated for the load of thiise dividers. 

Speech Amplifier and Voice Control 

The speech amplifier is designed to attenuate 
biith Iiiw and high frequencies, amplifying only 
t be audio range required for good intelligibility. 
The wiring diagram is shown in Fig. 12-11. The 
output of the speech amp:ifier is coupled to the 
input of the audio phase-shift network through 
a transformer with a center-tapped secondary, to 
provide push-pull audio for the phase-shift net-
work. 

l'art of the output of the speech amplifier is 
taken off through an adjustable voltage-divider 
circuit anti blocking condenser to the voice-
control circuit. There it is rectified by the diodes 
of the 68Q7, and the resulting ti .c. voltage is used 
to charge C14 negative. An audio choke prevents 
audio components from appearing across C14. 
The triode section of the liSQ7 is normallv con-
ducting and holding the relay closed, but. when 
the negative voltage appears across Cts the 
fiSQ7 plate current is cut off and the relay opens. 
When the audio signal is removed, C14 discharges 
through R15 and the triode again conducts, closing 
the relay. 

The Audio Phase-Shift Network 

The atalio phase-shift network requires close 
matching of re,:ist:ince and capacity values and, 
to do this erg ammirally, advantage is taken of 
the fact that resistors and condenser in junk 
boxes told in sloe!: at. loyal dealers vary con-
iilerablv front their nominal values. 
Tahiti: 12-II is usell in selecting the network 

components. The procedure is to colleet as tnany 
resistors and condensers as possible with nominal 
values as indicated in the second column of the 
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chart. Measure all of the condensers first, and 
seleci t he six condensers whose measured values 
are closest to the "target values" in the third 
ciilinan. Enter the measured values of these con-
, icliscrs in the fourth column of the chart. Then 
calculate the " target values" for the resistors and 
select the six resistors whose measured values are 
closest to these target values. 
A capacity bridge, of the type used by service-

men, and a good ohmmeter should give sufficient 
accuracy in selecting the network components. 
Absolute accuracy is not important, if the com-
ponents are all in correct proportion to each other. 
A difference in percentage error between the re-
sistance measurements and the capacitance meas-
rements will merely shift the operating range of 

the network. The network components are 
mounted on a small sheet of insulating material 
to facilitate wiring. 

Networks already adjusted are available 
through radio dealers — they can be used in this 
exciter to simplify the construction. The nec-
essary circuit modifications for using a com-
mercial network are shown in Fig. 12-10. 

Construction 

The exciter and its associated audio equipment 
are assembled on a 13 by 17 by 2-inch aluminum 
chassis. The four 6V6 balanced-modulator tubes 
are arranged in a square pattern toward the front 
center of the chassis, with the plate tuning con-
denser and coil off to one side and the 6K6 audio 
amplifier tubes on the other. The two modulation 
transformers are under the chassis directly below 
the plate tuning condenser. The speech amplifier 
is arranged along the left-hand side of the chassis, 
with the 6S.17 at the rear and the output trans-
former on the top of the chassis at the front. The 
audio phase-shift network is below the output 
transformer. 
The reactive components of the r.f. phasing 

network, LI and C7, are mounted in a plug-in 

Part 

ci 
C2 
Ci 
C4 
CA 
Ce, 
R 

TABLE 12-II 
Phase-Shift Network Design Data 

ttttt inal 
I alai. 

0.001 
0.002 

0.0117, 
0.01 
0.113 
1110.1100 

R2 511,11011 

Ri ), 11111) 

R4 100,000 

Bi 30,000 

15,00(i lIn 

Target 
I Wm-

0.0011)7i 
0.002111 
1.1.110630 
11.00173 
0.00950 
0.0285 
100 = 

Citti 
1113 = 

100 = 

Crux 
151 

176 _ 

Cuts 
151 

Cuts 

Illeasured 
I able 

(Cuit) 
(Cum) 
((:m3) 
((3m') 
(Cm5) 
(Cane) 

All condensers mica, all resistors I watt. 
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shield can that mounts directly behind the 
balansed-modulator tubes. The shield can is 
grounded to the chassis through the spare pins of 
its plug. The voltage regulator tube is mounted 
to the left of the shield can, and the 6SQ7 voice-
control tube is to the right. The components in 
the voice-control circuit are mounted under the 
chassis at the rear. 

Associated Equipment 

The r. f. input impedancu of the exciter is 
300 ohms, but a link line of lower characteristic 
Unpedance will operate satisf;ectorily for the 
short distance usually required. A means for 

PUSH-PULL A.P. 
INPUT 

Fig. 12-8 — Circuit diagram 

(.1 -Co — See Table 12-11. 
( — Air padder condenser. 3.9 Mc.: 150 pad.; 7 Mc.: 

100 add.; 14 Me.: 35 add. 
Cs — Approx. 400-551d. per section, b.e. receiver tuning 

condenser. 
Co — 0.001-51d. 10110-volt mica. 
Cio-Cis — 0.001-mfd. 5011-x olt mica. 
CI0, C20 — t-pfd. 150-volt electrolytic. 

— See Table 12-11. 
117, Rs — MN) ohms, 5 watts (5 1500-ohm 1 -watt in 

parallel). 
110 — 0.5-megohm linear volume control. 
Hie — 0.47 megohm. 

— 0.75 megohm. 
1112 — 0.24 megohm. 
1113-111e — 10,000 ohms. 
1117, His — 15,000-ohm potentiometer, wirewouml. 
Big — 7500 ohms, 10 watts. 

adjusting the t. f. driving power is desirable. A 
surplus Command set transmitter (BC-696 or 
T-19:ARC-5.), operating at Il 0V plate voltages, 
makes an ideal r.î. source, but any Vle0 or crystal 
oscillator with a few watts output will do. 
The plate voltage for the speech amplifier must 

not be taken from the same point in the power 
supply that furnishes voltage for the °KG ampli-
fiers, since interaction may occur that will upset 
the phase relationship at the output of the two 
61i6s. If separate plate voltage sources are not 
available, an added filter section may be used to 
isolate the voltage to the speech amplifier. 
The built-in voice-controlled relay can be used 

BALANCED 
1.10OULATORS 

3.914c. 

+250 

of the single-sideband exciter. 

1120. 1121 — 680 011111,.. 2 watts. 
All resistors 1-watt specified otherwise. 

Id — 3.9 Me.: 25 turns No. 28 enam. 
7 Mr.: 18 turns No. 22 enam. 
II Mc.: 12 turns No. 20 enam. 
All coils ell.é•-s% uund at mounting end of slot of 
N  • al NH 50 411g-tuned form. 

1.2-3.9 Mc.: 40-meter 75-watt tank coil with swinging 
link (Bud 01$-40). 
7 Mc.: 20-meter 75-watt tank coil with swinging 

link (Bud 01$-20). 
14 I5-meter 75-watt tank coil with swing-

ing link (Bud OLS-15). 
RFC' — 2.5-en h. r.f. choke. 
Si — D.p.d.t. toggle, preferably with center off. See 

text. 
'1'1, T2 — 5-watt modulation transformer, 10,000 ohms 

ca. to 4000 ohms (Stancor A-3812). 

t. 
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in a number Of ways to provide the rapiil voice 
break-in commonly used on 3.9-Me. SS Ii 'phone. 
If a good e.w. break-in system is alru:oly iii 
at the station, the voice-control relay owl 
may be substituted for the key, and no other 
changes are necessary. 

If the local oscillator in the receiver will 
key in the plate voltage lead satisfactorily, then 
a simple voice break-in system may be obtained 

Fig. 12-9—A rear view of the phasing-type exciter. 
The two r.f. phasing adjustments project from the 
shield can. The potentiometer shaft at the left sets the 
voice-control threshold level. The jack is for the keyed 
circuit, the r.f. connector takes the excitation cable, 
and the octal socket is for the power cable. 

by using the relay contacts to shift the plate 
voltage from the receiver local oscillagor to the 
VFO. A drifting receiver oscillator must be 
avoided in this system, however. 

Operating Conditions 

If voice control is not used, and d.c. operating 
voltages are removed when excitation is removed 
for stand-by, then no fixed bias is required on the 
balanced modulators and a jumper can be placed 
across the bias terminals. When excitation is re-
moved with d.c. voltages applied, as in voice-
controlled operation, then 4j volts of fixed bias 
should be used to limit the plate and screen cur-
rents on the balanced modulators. 
With 400 volts applied to the balanced-modu-

lator plates and 250 volts to all other plate supply 
inputs, the operating currents will be approxi-
mately as follows: 

Total balanced-modulator plate current 85 ma. 
VR tube supply current 20 ma. 
Total 6K6 amplifier current 62 ma. 

Total speech-amplifier current 12 nia. 

The total balanced-modulator grid current, 
measured at the bias terminals, will vary with 
excitation, but it should be in the range 3 to. 5 ma. 

These currents will not change appreciably 
with varying audio input and, with the exception 
of the grid current, will not change appreciably 
when the excitation is removed, provided that 
4Y2 volts of fixed bias is used on the balanced-
modulator grids. 
The exciter may be coupled directly to an 

antenna for use as a low-power transmitter, but 
most amateurs will wish to use it to drive a buffer 
or final amplifier. All stages following the exciter 
must be operated under Class A, AB, or B condi-

tions. In general, the ce net operating conditions 
for stages following t lie exciter may be found by 
referring to the audio operating conditions for the 
tube under consideration. Grid-bias and screen 
voltages should have very good regulation. For 
amateur voice operation, tubes may be operated 
considerably beyond the ratings given in the tube 
manuals, as discussed earlier. When the r.f. am-
plifier is operated Class AB2, the grid tank circuit 
will require shunting by a resistor in order to 
provide better regulation of the exciting voltage. 
The value of this resistor is usually determined 
by experiment. It should lw as small as possible 
consistent with good output and linear operation. 

Adjustment 

Adjustment of I II, exvitnr is best made owlet 
actual operating condition,. Connect the exciier 
ni the transmitter, load the exciter with a dummy 
load, ai q ii r.f. excitation, Merl sine-wave atelio 
o the speech amplifier, and tune the output 

reririg condenser in the conventional way for 
111:1\imum output. 
Reduce the audio input to zero, and adjust 

Potentiometers Ru and Rnt for minimum carrier 
output. Minimum carrier output may be de-
termined by any sensitive r.f. indicator coupled 
to the final-amplilier plate circuit. A 0-1 milli-
ammeter, in series with a crystal detector and a 
two-turn coupling loop, will make a satisfactory 
indicator. The meter should be by-passed with a 
0.005-nfd. condenser. If a null indication cannot 
be obtained within the range of the potentiom-
eters, the 6V6 tubes are not evenly matched. 
Exchanging the positions of the 6V6s may aid in 
obtaining the balance, or other tubes may have 
to be used. 

After the carrier balance is obtained, tune in 
the r.f. source on the station receiver, and with 

PSN, 

AUDIO AMP. 

SUDic 12AU7... 
ISoul 

AUDIO AMP 
6 

+250 

656 

Fig. 12-10 — Cireui revisions for including a commer-
cial phase-shift network in the SSB exciter «if Fig. 12-8. 
PSNI — Phase-shift network (Millen 75012 Phasing 

Unit). 
Ti — 3:1 audio transformer, reversed (Stancor A-53-(:). 

the antenna terminals shorted, and the crystal 
selectivity in sharp position, adjust the crystal 
phasing to the point where only one sharply-
peaked response is obtained as the receiver is 
tuned through the signal. Now apply sine-wave 
audio of about 1500-cycle frequency to the speech 
amplifier, and find the two sidebands on the 
receiver. Three distinct peak indications will be 
observed on the S-meter as the receiver is tuned. 
Set the receiver on the weaker of the two side-
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R3 

C 1 

/25.2. R7 

Cs 

R4 

C3 C.T Re 

Fig. 12-11 — Wiring dia-
gram of the speech amplifier 
and voice-control eireitit. 

• 
Ci — 100-55M. mica or ceramic. 
C2. C7, 1:11 1.mM. 130-V011 ytic. 
( :3 — 0.02-mfd. 400-volt paper. 
C4, CS — 8-51d. 450-v oit electrolytic. 
1:5 — 270-551d. mica or ceramic. 
( :6 — 0.001.51d, mica or ceramic. 
Cs — 0.0033-afd, mica or ceramic. 
(: 10 — 0.002-51d, mica or ceramic. 
1:12 — 0.005-afd. ceramic or mica. 

—0.01-afd. 400-volt paper or ceramic. 
Ci4 — 0.5-afd. 200-volt paper. 

110 — 0.1 megohm. 
112 — 2.2 megohm. 

bands and adjust LI, C7 and R9 for minimum 
sideband strength. If suppression of the ot her 
sideband is desired, throw 81 to its other position. 
A ( lip obtained with one set of adjustments is not 
necessarily the minimum. Other combinations 
should be tried. The final alljustmetit sh(nild give 
S-meter readings for the two sidebands ‘vhich 
differ by at least 30 db. The inns voltage on : ill 
four balanced modulator tubes will be approxi-
mately equal. 

After the adjustments have been (mmpleted, 
the r.f. drive to the exciter should be adjusted to 
the point where a decrease in drive will cause :1 
¡cercase in output, but an increase in drive will 
not cause an increase in output. The complete 
adjustment procedure should then be 
rechecked. The rig is then ready for a 
microphone, an antenna, and an on-t he-
air test. 

If an oscilloscope is available, a sim-
pler and more reliable adjustment pro-
cedure may be used. Either linear or 
sine-wave horizontal sweep may be 
used on the oscilloscope. The vertical 
input should be coupled to the output 
of the transmitter in the same manner 
as is used for observing amplitude mod-
ulation. The sine-wave audio-frequency 
input to the speech amplifier should be 
an*' convenient multiple of the oscil-
loscope sweep frequency. A 60-cycle 
sweep frequency and a 600-cycle audio 
frequency are commonly used. 

VSN7 3à6SN7 

R.0 

L, 

Push 
Pull 

Output 

 o + 250 
(see text) 

o 

Keyed 
O Circuit 

 0+105 

910 

- - 1.1 lit5 lilt. 

27.11110 ohms. 

Î - 0.2itmegoitin vol  control. 
It — 2700 ohms. 
Ito, 1113 — 10,000 ohms, 1 wa tt. 

1115 — 0.47 megolim. 
114 — 13j/00-011M V01111111, control. 

rc,.ktors J-'2"-watt .1,,cilic.1«therwl.e. 
— modulation trao-forincr. 10,000 ohms c.t. 

to 1000 ohms (St am sir 1 2 

1.1 — Small filter or audio choke (•,t.oicor C-17(17). 
By' — Sensitive 10.000-irdim relay. 

When the exciter is modulated with a single 
sinc-wave audio frequency, tla• output should be 
a single radio frequency. Therefore, the oscillo-
scope should show a straight-edged band across 
the screen, the same indication as is given by an 
ni modulated carrier. This is illustrated in Fig. 
12-13. If carrier out put, or unwanted sideband 
output, is present, it will be indicated by " ripple" 
011 dle 1411) t,ritl bottom edges of the oscilloscope 
picture. A small amount of ripple can be tol-
erated, but if the exciter is badly (nit of adjust-

the output will appear to be heavily 
nmdulated. Ai ¡ ji  with the 'scope is accom-
plished by adjusting all controls to olitain the 
smallest possible amount of ripple. The oseil-

Fig. 12-12 — Underneath the chassis of the exciter. l'he two po 
tentiometers are the bias balancing controls, R17 and Rifl. 
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(A) (8) (c) 
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( 

(D) 
Fig. 12- 1.3— Sketches of the oscilloscope face showing different conditions of adjustment of the exciter unit. 
(A) shows the suIE4antially clean carrier obtained when all adjustments are at optimum and a sine-wave signal 
is fed to the audio input. ( II) - hows improper r.f. tul.. and unbalance between the outputs of the two balanced 
modulators. (C) shims improper r. f. phasing hut on t1 ulu, of the two balanced modulators equal. (1)) shows proper 
r. f. phasing but unbalance between outwits of two balanced modulators. 

loseope may also be used for continuous monitor-
ing during transmissions to avoid overloading of 
any stage of the transmitter. Overloading is indi-
cated by a flattening of the modulation-peak 
patterns at the top and bottom. In observing 
these patterns, it is difficult to separate the effects 
of sideband and carrier suppression. However, 
considered separately, sideband or carrier sup-
pression of 30 db. would give a 3 per cent ripple, 
25 db. a ripple of 6 per cent, and 20 db. a 10 per 

cent ripple. Harmonies present in the audio mod-
ulating signal will modify the results and invali-
date this test if they run more than 1 per cent, 
hemp it is essential that the audio signal be as 
pure as possible. 
The exciter is capable of driving any pair of 

beam tubes commonly used in amateur trans-
mitters, or any pair of triodes in Class Alie. A 
buffer stage will ordinarily be required to drive 
Class B triodes. 

A Crystal-Filter SSB Exciter 

The exciter uses a quartz crystal filter operating 
at 450 kc. (or vicinity). The lliter allows a pass-
band of 300 to 3000 cYcles; the sideband rejection 
should run 35-40 db. over 300 to 3000 cycles. At 
no time wit hin the reject range is the rejection 
less t I ii 30 ( lb.; at some places it approaches 60 

(ii stals suitable for use in the filter are avail-
able on t he war surplus market for less than one 
dollar each. The most useful of these crystals are 
in the series that runs from 375 to 525 kc. in 
1.388-ke. steps; this series is marked at 72 dines 
the crystal frequency in a series of channels from 
28.0 to 38.0 Mc. Tile holder pins have ! -e-inch 
spacing. The crystals may be socket-mounted or 
soldered directly into the filter at the builder's 
discretion. 
The filter is of bridge design with complex ent ry 

and terminating sections. The ciemplex sit it 
are used to suppress the carrier 
and modify the response charac-
teristics of the bridge. Fig. 12-14 
shows the filter proper, set for re-
jection of the upper sideband. 
The transformers 7'1 and T2 are 
replacement-type 455-kc. i.f. 
transformers, mica-tuned and 
air-cored. 
The original filter was designed 

to operate at a carrier frequency 
of 450 kc., although the filter will 
work at frequencies between 425 
and 490 ke. without alteration of 
the circuit or transformers. Un-
der the condition of design for 
450-kc. carrier, crystal " B" is 

2.78 ke. hiyher than 450 ke., or 2 channels higher 
in the crystal series. Crystal " C" is 1.39 ke. 
lower than 450 Ice., or 1 channel lower. Crystal 
"D" is 450 kc. Crystal " A," also at 450 kc., is 
used in a crystal oscillator to generate the initial 
carrier. Channel markings on these crystals are 
as follows: 

''A'' - 32.1 Me., Channel 324 
"B" - - 32.6 Mc., Channel 326 
"C" — 32.3 Mc., Channel 323 
"D" — 32.1 Me., Channel 324 

Any other group within the range of the i.f. 
transformers may be utilized; only the channel 
relationship need be retained. 
A diagram of the exciter proper is shown in 

Fig. 12-15. The 6K8 hexode-triode serves as 
450-kc. oscillator and audio mixer. Approximately 
3 volts of audio is wifitio,i f't titi f signal grid of 

Fig. 12-14 — The 450-ke. crystal filter used for sideband and carrier 
rejection. 
Cr, C2, C4, (7.3 — 100-ggfd. mica or ceramic. 
C3 — 3- to 30-gpfd. ceramic trimmer. 
Tt — 455-kc. interstage i.f. transformer ( Meissner 16-6659 or Miller 

312-C2). 
T2 — 455-kc. diode i.f. transformer ( Meissner 16-6660 or Miller 312-C4). 

For a carrier frequency of 150 ke., the crystals are: 
Crystal Il C I) 
Iligh -freq. reject 452.8 kc. 448.6 kc. 450.0 kc. 
Low-freq. reject 417.2 kc. 451.4 ke. 450.0 kc. 
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AUDIO 
3 VOLTS 

Crystal 

C I, C2, Cs, Cs, C7 — 400-volt paper. 
C4, C5 — 39-551d. ceramic. 
— 100-apfd. % ariahle air condenser, mounted 

shield can with T4. 
C9 — 0.02-pfd. 600. oit mica. 
Cia — 0.01-5M. 400-volt paper. 
Cs — Trinuners in Ts. 
HI — 0.47 megohm. 
R2 —  220 ohnts. 
113, 1111 — 20,000 ohms, 1 watt. 
114, lIs — 0.1 megolun. 
Re, R7, lis —  10,000 ohms. 

OSCILLATOR- MODULATOR 

6K8 
 ()SINGLE OR 

2 
DUAL FILTER 

4 as per 

FIG 
or 12-15 

R3 
VAAPA.  

±". C3 

BALANCED MIXER 
6SN7 

3 

V.F (:) INPUT 
(6-8 volLs) 

AMPLIFIER 
6AG7 

big. 12-15 — Complete diagram of the crystal- filter SSIR exciter. 
Its — ISO ohms. 1 watt. 
Ilio — 1000 ohms. 

in 1112 — 47..000 ohms. 
All resistors Y2 watt 

wise. 
— 2.7b-nth. r.f. choke. 

I. — 0.5-nth. r.f. ' Ii Le. 
T3 — 1.5. \ l •-. slug-tuned i.f. transformer C11iller No. 

Tv — slug-timed i.f. transformer. Secondary 
re ell 8-t11111 link w lllll id os er cold end 
of primary. % Il fixed capacitors rem.s ed. 

the 6K8 for optimum results. The 6K8 delivers 
a carrier (450 ke.) and sidebands to the input of 
the filter. The filter rejects one sideband (de-
pending upon the selection of crystals) and 
delivers single-sideband energy to the 68N7 
mixer. The filter also suppresses the carrier. The 
6SN7 mixer combines the single-sideband energy 
(in the vicinity of 450 kc.) with the output of the 
VFO (3400 to 3550 kc.) and the sum products are 
recovered in the output (3850 to 4000 kc.). A 
VF() signal of about 6 to 8 volts is required. The 
output of the mixer is fed to the grid of a Class A 
tiAG7 tuned r.f. amplifier. The output is sufficient 
to drive a pair of 807s Class .‘ 13.2. Operation on 10 
and 20 meters can ace/ unplished by hetero-
dyning again to the desired band. Most VF( s in 
use cover or may lw easily made to cover 3-100 
to 3550 kc. A single untuned 6AC7 amplifier fol-
lowing a BC-221 might be used as a VF() for this 
exciter. 

Construction 

The original traw,mitter was built for mobile 
operation and much little drilling and experimen-
tation has occurred on the chassis. Mounting the 
crystals On Opposite sides of the transformers will 
keep stray capacity coupling at a minimum. No 
shielding other than that provided by the i.f. cans 
and the output. tank can is requins I. It is im-
portant that capacity coupling around the crystal 
filter be minimized -- no modulated signal must 
reach tue 6SN7 mixer by any route exeept 
through the filter. If choice of so hi si u Is is de-
sired, a dual filter using 5 crystals will he required. 
This filter is shown in Fig. 12-17. A double-section 

unless specified other. 

wafer switch selects the upper of. lower sideband. 
These wafer sections must be separated by ap-
proximately 3 inches to minimize stray coupling. 
It is recommendcd that the crystals be wrapped 
with several layers of adhesive talle and then 
strapped to the chtu,sis with metal brackets: con-
nections may then be made 1)y soldering to the 
holder pins. 

Alignment 

Alignment of the filter is straightforward, and 
once aligned it will tu xx I little attention. 

1) Crystal " A" is first removed from the cir-
cuit. This crystal is bust. provided with a socket 
mount so it can be removed during alignment. 

12- lo - Th.• cr,.tal-filter SS11 exciter, a- de,igned 
for mobile work. complete with receiser conNerter and 
V Ft/. The top i. the exciter ( in it it cubs vr reen.,. col 
The meter reads ea t114ule current to a pair of 807s this .• si 
liv the unit, and the two knoles handle earrier reinsertion 
and 6AG7 plate tuning. ( V. 1.1K0/9, Nov., 1950, QS7..) 
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Fig. 12.17 — The double-channel crystal filter. % II coin' mts are the same a- in Fig. 12- II, except for the addition 
of the d.pal.t. wafer su, iluit. Si. and du  pensating e lenseN,Ch and C. to:i0 add. ceramic). The trimmer 
nil the input side of T.2 is set at minir ttttttt and the alignment procedure is followed with Cs or C7 wherever the instruc-
tions call for adjusting the input cfell-cr. 

2) A calibrated signal generator covering the 
crystal range is connected to the griil of the triode 
section of the I. 

3) A vaeuuni tube voltmeter is connected from 
grid to ground of one of the 65N7 grids. 

4) Swing the signal pater:dor I hrough the crys-
tal range until a maximum reporise is noted at 
the volt meter. This will indicate t be series-reso-
nant frequency of crystal '' and with the crys-
tals deseribed, based cell a 150-ke. carrier, will he 

aptiroximately 448.6 k('. 
5) all transformer trinuners for maxi-

mum response on this frequency. 
6) Next, adjust the signal generator .,/o/e/y itt 

the higher-frequency direetion until a null is idr-
tained. This will be the s('ries-resonant frequeney 
of crystal " D," 450 kr. with I be crysta Is indivated. 

7) Move the signal generator kr. lower than 
this null and adjust the trimmer on tue input 
side of 7'2 for maximum respons('. 

8) Return signal generator to null. 
9) Nl(uve t he signal generator approximately 1 

to 1.2 kc. higher than the null and adjust ('3 for 
minim u un response. 

10) Move the signal generator higher until an-
other null is found: this 
will be the series-resonant 
frequency of crystal " B," 
approximately 452.8 ke. with 
the erystals stown. 

11) Continue approxi-
mately ,( 11 kr. higher than 
this null and adjust the out-
put trimmer on 7'1 slightly 
for moderate null. 

12) Repeat Steps 7 
through 11 to compensate 
for interaction, and align-
ment is complete. 

For alignment of the dual 
filter the procedure is identi-
cal but must be done once 
for eiteh sideband. However, 
when adjusting the filter for 
rejecting the louver sideband 
and where Steps 1-12 men-
tion "higher" limed "lower" 

and vice versa. The alignment chart, Fig. 12-1 
will simplify the alignment procedure. For addi-
tional information, see Webb, " Aligning the 
Crystal- Filter S.S.B. Kxeiter," Q.S7', August, 1952. 
The slug-tunell i. f. transformer is peaked at 

3930 lie. and then stagger-tuned slightly t,0 pro-
vide coverage of t lw entire band. The 6AG7 plate 
tank eapaeitor is adjustable froto the front panel 
and is touched up when shifting frequeney. It is 
important that the 6AG7 amplifier stage be stable 
and show no tendency to oscillate. Good shielding 
of its grid and plate circuits is usually required. 
and occasionally a 47-ohm composition resistor 
from 7'3 to Pin 4 of the 6AG7 may be necessary 
to avoid regeneration. 
Many variations of this bash. exciter eireuit are 

possible. If a balanced modulator ( using a pair of 
6K8s) is used, the carrier suppression is readily 
obtained without close matching of crystals. 
Other filter circuits can be used, as those shown 
in Good, " Crystal Filter for ' Phone Reception, -
QST, October, 1951. For an advanced design for 
a crystal-filter SSB exciter, see Weaver & Brown. 
"Crystal Lattice Filters for Transmitting awl 
Receiving," QS7', August, 1951. 
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Fig. 12.18 — An alignment chart of the crystal filter. The numbers in the circles 
euurni'opond /a the steps outlined in the text. 
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A Two-Stage Linear Amplifier 
The amplifier shown in Figs. 12-19 and 12-21 

is designed to follow a low-powered SSB exciter. 

An 807 Class A driver is used to excite a pair of 

81I-As operating Class B. Only a few watts is 

required to drive the 807. The 811-As will deliver 

about 180 watts peak with 1000 volts on the 
plates and 250 watts peak at 1200 volts. Opera-

tion as a linear amplifier for SSB with 1500 volts 
on the plates is not recommended because the 

driver stage is likely to introduce too much dis-

tortion, although a small amount of fixed bias 

(3-4M volts) on the grids of the 811-As will per-

mit e.w. operation at this higher plate voltage. 

The circuit is not unlike ordinary Class (; prac-

tice, except for the bias voltages involved. The 

807 stage uses cathode bias, and the 81I-As run 

with zero bias (bias terminals short-circuited by 

a jumper wire). The 807 loading is adjusted by 

varying the position of the link coil in /4 and the 

link to 14 is controlled from the front panel. 

A low-inductance by-pass condenser, (72, made 

from a piece of coaxial line, helps to eliminate 

parasities in the 807 stage, as does returning the 

screen by-pass condenser, C3, to the cathode in-

stead of to ground. Grid chokes, L4 and /4 and 

resistors 113, 114 and R5 were found necessary to 

avoid high-frequency parasitic oscillations in the 
811-A stage. All wiring other than r.f. was run in 

shield braid. Filament by-pass condensers were 

unnecessary. 

Construction 

The amplifier is built on a 13 by 17 by 3-inch 
aluminum chassis. The panel is an aluminum 

CLASS-A DRIVER 

Fig. 12-20 — Wiring diagram of the linear amplifier. 

Cu — 140-mad. variable ( Nlilien 10140 
C2 — 13-ma ftl. tubular, made of 11G-58/1 . Active 

length. 6 inches. 
Ca. C4 — 0.005-pfd. dise ceramic. 
Ca — 1411-551d. variable ( Nlillen 22140). 
CS — 0.001-afd. I200-volt mica. 
C7 — Dual variable, 100-gafd. per section (Millen 

24100). 
Cs, Cs — Dise-type condenser ( Bud NC-8531. 
Clo — Dual variable, 200-aafd. per section, ( 1.077-inch 

spacing ( National MC-200D). 
Ri — 100 ohms, ji watt, 

305 

relay- ruck panel, l5 21 inches high, held to the 
chassis by the shaft bearings and meters, and fur-

ther braced by two st rips of f 16 by 1:i-inch brass. 

Fig. 12-10 — \ rear sieW 1 4i the linear amplifier. showini, 
the po-liptill 811- / tut put amplifier and the 807 driver 
The e., s er of the reet angular shield can slides off for 
access to the final grid coil. The round shield cams are for 
the 807 grid and plate coils. 

The grid coil for the 807 plugs in to a socket 

mounted at the rear of the chassis and shielded 

by an ICA No. 1549 3-inch diameter aluminum 

shield can. 

CLASS -8 AMP. 

+ 1000 
OutpC 

112 — 680 ohm... 2 s, . 11 t 
— 2700 olitn,. 1 sr : It z- , 1 2700-ohm in series-parallel). 

1(4. IL — 
— 1000 olun.. I watt. 
All resistors are counposition, not wirewound. 

1.4, 1.5 — 9 turns No. 12 culant., !-inelt diameter, I itt 
inches long. 

NI At — 0-50 tnilliammeter. 
NI — 0-500 milliarnmeter. 
VC' — 2.5-mh. 125.ma. ri choke. 

111,C2 — 250-ah. 75-ma. r.f. choke (Millen 34300). 
RFC3 — 5-mh. 300-ma. r.f. choke ( National 14300S), 
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Thr plate coil plugs in to 

socket mounted 4 inches abovt 
the ehassis. The platform for 
the st)cket also shields the 
plat e condenser, C5. A not her 
3-inch tliameter shield call 
protects the 807 plate coil. 
The plate Icy-pass condenser. 
C6, is mounted under the 
chassis near the 807 socket, 
and the lead from ("5 and L2 
is brought down to it in 
shielded wire. 
The grid coil for the 811-As 

is shielded by an ICA No. 
29842 4 by 5 by 6 aluminum 
cabinet. To speed coil chang-
ing, the cabinet is fastems1 to 
the chassis and a friction-lit 
cover is made from a piece of sheet aluminum. 
The insitle lips on the top of the cabinet should 
be bent down to allow more room for the hand 
that changes coils. 
The output tank condenser, n o, is mounted on 

the chassis with aluminum brackets that also 
support, the jack bar for the output coil, L6. '1'he 
variable link mounts on the jack bar. 

Adjustment 

With a signal from the exciter coupled through 
./j, and plate and screen voltages on the 807, it 
should be quite possible to drive the 811-A grid 
current, off scale (with no plate voltage on the 
811-As). Back off the excitation to about 25 ma. 
grid current and neutralize the 811-A stage by 
adjusting C6 and Ce. Use the "flick" in grid cur-
rt•r t is tuned through resonance, or a more 

ili,lication such as a crystal diode and 

Band 
1.1* 
3.9 
11 
1,** 
3.9 

14 
1.3ele 
3.9 
14 
l„rnag 
3.9 

1.1 

COIL TABLE FOR TWO-STAGE LINEAR AMPLIFIER 

Turns If ire AO. 

12 

':2 
8 

20 enam. 
20 CHUM. 

20 enam. 
20 enam. 

22 imam. 
18 enain. 

(ham. Length pli. 1.ink Spacing 

UI 
11% 

10 4 S•io 
iI 2.5 :1 

7A  11.2 4 :to 
2.5 3 

UI 
li s 

caam. 2 j,,2 21/1, 
IS tubing 21,2 3'.14 

Is 

9.1 6 Adjiptalilc 
3.3 4 Adjustable 

2(1 3 tdi.-1.,1,1c 
2.3 3 Adjustable 

*  I cm 31 iii,',, 15001 plug-in form. 
** ound on NI ilk,, 15005 phig-in form. 

*** National AR- 16- MS and A It - 16-20S. 75-iiicter coil shun ted 
I 50-aad. mica c 

**** II & 80T% L with lit turns re 41. and It & 1511'1.. 

by 

0-1 milliammeter connected to .12. 
Couple a dummy load to J2 and apply plate 

voltage to the 811-As. Couple an oscilloscope 
to the dummy load and apply a " two-tone" test 
signal, as described earlier in this chapter. The 
81I-A no-signal plate current should run around 
40 or 50 ma., depending upon the plate voltage. 
Adjust the two-tone signal amplitude for 10 or 15 
ma. grid current and resonate all circuits. Then 
increase the excitation until the two-tone pattern 
just begins to flatten on the peaks. When using 
1000 volts on the 811-As, this flattening should 
not occur before /1/A2 indicates 160 ma. or so — 
with 1200 volts the current should run up to 
190 ma. without noticeable flattening. If flatten-
ing occurs sooner, it indicates that the 811-A 
stage should be coupled more tightly to its load, 
or that the 807 stage is not delivering enough 
drive to the 811-A grids. 

• 

Fig. 12-21— Under. 
neat h the chassis, 
showing all hut r.f. 
leads in shield braid. 
The coils in t he leads 
from the split-stator 
grid condenser aro 
parasit ie chokes. 

• 



CHAPTER 13 

Transmission Lines 
Thc plac,• \t itCI( ii.pint cr tery 

frequent ly to t he place it is to heIII ilizud. 
A transmitter and its antenna are a good ex-
ample: The antenna, to radiate well, should be 
high above the ground and should be kept clear 
of trees, buildings and other objects that might 
absorb energy, but the transmitter itself is most 
conveniently installed indoors where it is rIudily 
accessible. There are many other ilist::::ces where 
power must he delivered from one point to a nother. 
The means by which power is transported 

Operating 
Suppose we have a battery and a pair of 

parallel wires extending to a very great dis-
tance. At the moment the battery is connected 
to the wires, electrons in the wire near the posi-
t ive terminal will be att meted to the battery, 
and the same number of electrons in the wile 
near 1.1te negative battery terminal will be re-
pelled outward along the wire. 
Thus a current flows in each wire near the 

battery at, the instant the battery is connected. 
However, :t definite time interval will el:q)se 
before these currents are evident at a distance 
from the battery. The time interval may be very 
small. For example, one-millionth of a second 
One microsec(md) after the c(mnert it is made 
the currents in the wires will have traveled 300 
meters, or nearly 1000 feet., front the 1:attery 
terminals. 
The current is in the nature of a charging 

current, flowing to charge the capacitance be-
t.ween the two wires. But, unlike an ordinary 
condenser, the conductors of this "linear" con-
denser have appreciable inductance. In fact, 

A: 

I 

Bp c: 

Fig. 13-1 — Equivalent of a transmiss.  line in lumped 
circuit constants. 

we may think of the line as being composed of 
a whole series of small inductances and capaci-
tances connected as shown in Fig. 13-1, where 
each coil is the induct anee of a very short. sec-
tion of one wire atrilea ch eimdenser is the capa-
citance between t wo such short ›eul i,ns. 

Characteristic Impedance 

An infinitely-long chain of coils and conden-
sers connected as in Fig. 13-1, where each L is 
the same as all others and all the Cs have the 

from point. It, point is the r.f. transmission line. 
At radio frequencies a line exhibits entirely dif-
ferent characteristics than it, does at commercial 
power frequencies. This is because the speed at 
which electrical energy travels, while tremen-
dously high as compared witlt mechanical mo-
tion, is not infinite. The peculiarit ies of r. f. trans-
mission lines result front the fact that a time in-
terval vomparable with an r. f. cycle must elapse 
before energy leaving one point in the circuit can 
reach another just ::, short distance away. 

Principles 
same value, has an important property. To an 
electrical impulse applied at one end, the com-
bination appears to have an impedance — called 
the characteristic impedance or surge impe-
dance — that is approximately equal to N/L/C, 
where L and C are the inductance and capaei-
tance per unit length. This impedance is purely 
resist ive. 

In defining the characteristic impedance as 
VL/C, it, is assumed that. the conductors have 
no inherent. resistance — that, is, there is no 
/2R loss in them — and that there is no power 
Ime in the dielectric surrotuoling the conduc-
tors. In other words, it. is assumed there is no 
power loss in or from the line no matter how 
great, its length. This does not. seem consistent 
with calling the clutraeterist iv impedance a pure 
resistance, which implies that the power sup-
plied is all dissipated in the line. But. in rut in-
finitely-long line the effect, so far as the source 
of power is concerned, is exactly the same as 
thought the power were dissipated in a resist-
ance, because the power leaves the source and 
travels out ward forever along the line. 
The characteristic impedance determines the 

amount of current that can flow when a given 
voltage is applied to an infinitely-long line, 
in exactly the same way that a definite value 
()I' actual resistance limits current flow when 
a given voltage is applied. 
The inductance and capacitance per unit 

length of line depend upon the size of the con-
ductors and the spacing bet ween them. The 
closet the 1. wo conductors and the greater their 
diameter, the higher the cat:quit:lute and the 
lower the inductance. A line tt ill. large con-
ductors closely spaced will have low impedance, 
while tine wit .h small conductors widely spaced 
will have relatively high impedance. 

"Matched" Lines 

Actual transmission lines do not extend to 
infinity but have a definite length and are con-
nected to, or terminate in, a load at the "output'' 
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end, or end to which the power is delivered. If 
the load is a pure resistance of a value equal to 
the charact mist ic impedance of the line, the cur-
mitt, traveling ah mg t he line to t he load does mt. 
find condit ions changed in the least when it meets 
the load; in fact., the load just looks like still 
more transmission line of the same characteristic 
impedance. ( lonsequently, connecting such a load 
to a short transmission line allows the current to 
travel in exactly the same fashion as it. would on 
an infinitely-long line. 

In other words, a short. line terminated in a 
purely-resistive load equal to the characteristic 
impedance of the line acts just as though it. were 
infinitely long. Such a line is said to be matched. 
In a mat ched transmission line, power travels 
outward along the line from the source until it 
reaches the load, where it is completely absorbed. 

R.F. on Lines 

The discussion above, alt hough based on direct-
current flow from a battery, also holds when an 
r.f. voltage is applied to the line. The difference is 
that the alternat ing voltage causes the amplitude 
of the current at the input terminals of the line to 
vary with the volt age, and the direction of current 
flow also periodically reverses when the polarity of 
the applied voltage reverses. In the time of one 
cycle the energy will travel a distance of one 
wavelength along the line wires. The current at a 
given instant at any point along the line is the 
result of a voltage that was applied at some 
curlier inst ant at the input terminals. Hence the 
instantaneous amplit ude of the current. is different 
at all points in a one-wavelength section of line; 
in fact, the current flows in opposite directions in 
the sanie wire in adjacent half-wavelength sec-
tions. However, at any given point along the line 
the current goes through similar variations wit h 
time that. the current at the input terminals 
did. 
The result of all this is that the current (and 

voltage) travels along the wire as a series of 
waves having a length equal to the velocity of 
travel divided by the frequency of t he a.c. voltage. 
On an infinitely-long line, or one properly matched 
at the load, an ammeter inserted anywhere in the 
line will show the same current, since the ammeter 
averages out the variations in current during a 
cycle. It is only when the sine is not properly 
matched that the wave mot ion becomes apparent. 
This is discussed in the next section. 

• STANDING WAVES 
In the infinitely-long line (or its matched 

counterpart) the impedance is the same at. any 
point on the line because the ratio of voltage to 
current is always the same. However, the im-
pedance at the end of the line in Fig. 13-2 is zero 
— or at least extremely small — because the line 
is short-circuited at the end. The outgoing power, 
on meet ing the short-circuit, reverses its direction 
of flow and goes back along the transmission line 
toward the input end. There is a large current in 
the short-circuit, but substantially no voltage 

across the line at this point . We now have a volt-
age and current represent ing the lamer going out-
ward tiny:1.rd t he short-circuit , arid a seer md volt-
age and current represent ing t he reflected power 
traveling back toward the source. 
The reflected current. travels at the sanie speed 

as the outgoing current, so its instantaneous 
value will be different at every point along the 
line, in the distance represented by the time of 
one cycle. At some points along the line the phase 
of the outgoing and reflected currents will he such 
that the currents cancel each other while at 
others the amplitude will be doubled. At in-
between points the amplitude is between these 
two extremes. The points at. which the currents 
are in and out. of phase depend only on the time 
required for t hem to travel and so depend only on 
the distunce along the line from the point of 
reflect ion. 

In the short-circuit at the end of the line the 
two current components are in phase and the 
total current is large. At a distance of one-half 
wavelength back along the line from the short-
circuit. the outgoing and reflected components 
will again be in phase and the resultant current 
will again have its maximum value. This is also 

i'4X IA 44A VA % A.- LENGTH 
Short-

"circuit 

Current 
earl /Me as 
measured 
by ammeter 

Current 
distribution 
including 
polarity 

Voltage 
along line 
disregarding 
polarity 

Voltage 
distribution 
including 
polarity 

Fig. 13.2— Sta iding waves of vol age and current along 
short-circuited transmission line. 

true at any point. that. is a multiple of a lita-
wavelength from the short-circuited end of the 
line. 
The outgoing and reflected currents will cancel 

at a point one-quarter wavelength, along the 11111, 
from the short-circuit. At this point, then, the 
current will be zero. It will also be zero at. all 
points that are an odd multiple of one-quarter 
wavelength from the short-circuit.. 

If the current along the line is measured at 
successive points with an ammeter, it will be 
found to vary about as shown in Fig. 13-2B. The 
saine result would be obtained by measuring the 
current in either wire, since t he ammeter cannot 
measure phase. However, if the phase could be 
checked, it would be found that in each successive 
half-wavelength section of the line the currents at 
any given instant an, flowing in opposite direc-
tions, as indicated by t he solid line in Fig. 13-2e. 
Furthermore, the current in the second wire is 
flowing in the opposite direction to the current 
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in the adjacent seetion oithe lirst wire. This is 
indicated by the broken curve in Fig. 13-2C. 
The variations in current intensity along the 
transmission line are referred to as standing 
waves. The point, of maximum line current is 
called a current loop or current antinode and 
the point of minimum line current a current 
node. 

Voltage Relationships 

Since the end of the line is short-circuited, 
the voltage at that point has to be zero. This 
can only be so if the voltage in the outgoing 
wave is met, at the end of the line, by a re-
fleeted voltage of equal amplitude and op-
posite polarity. In other words, the phase of 
the voltage wave is reversed when reflection t;tkes 
place from the short-circuit. This reversal is 
equivalent to an extra half-cycle or half-wave-
length of travel. As a result, the outgoing and 
returning voltages are in phase a quarter wave-
length from the end of the line, and again out of 
phase a half-wavelength from the end. The stand-
ing waves of voltage, shown at D in Fig. 13-2, are 
therefore displaced by one-quarter wavelength 
from the standing waves of current. The drawing 
at E shows the voltages on both wires when phase 
is taken into account. The polarity of the voltage 
on each wire reverses in each half-wavelength 
section of transmission line. A voltage maximum 
is called a voltage loop or antinode and a voltage 
minimum is called a voltage node. 

Open-Circuited Line 

If the end of the line is open-circuited instead 
of short-circuited, there can be no current at the 
end of the line but a large voltage can exist. Again 
the outgoing power is reflected back toward the 
source. In this case, the outgoing and reflected 
components of current must be equal and opposite 
in phase in order for the total current at the end 
of the line to be zero. The outgoing and reflected 
components of voltage are in phase and add to-
gether. The result is that we again have standing 
waves, but the conditions are reversed as com-
pared with a short-circuited line. Fig. 13-3 shows 
the open-circuited line case. 

11/2 1 aX IX %T. Yet. %X ..- LENGTH 

(A) «.--« circuit 
Open 

(B) 

(C) 

(D) 

(E) 

Current 
along //ne 
as measured 
by ammeter 

Current 
distribution 
including 
polarity 

Voltage 
along line 
disregarding 
polarity 

Voltage 
distribution 
including 
polarity 

Fig. 13-3 — Standing waves of current and voltage 
along an open-circuited transmission line. 

(A) 

(B) 

(c) 

a transmission line termi-Fig. 13-4 — Standing si aves on 
flitted in a resistive load. 

Vz X II/4X IX 3/4  X  Y. I/4 X."- EN6 

LOali 

(ZR) 

Lines Terminated in Resistive Load 

Fig. 13-4 shows a line terminated in a resistive 
load. In this case at least part of the outgoing 
power is absorbed in the load, and so is not avail-
able to be reflected back toward the source. Be-
cause only part of the power is reflected, the re-
flected components of voltage and current do not 
have the same magnitude as the outgoing com-
ponents. Therefore neither voltage nor current 
cancel completely at any point along the line. 
However, the speed at which the outgoing and 
reflected components travel is not affected by 
their amplitude, so the phase relationships are 
similar to those in open- or short-circuited lines. 

It was pointed out earlier that if the load re-
sistance, Z„ is equal to the characteristic im-
pedance, Zo, of the line all the power is absorbed 
in the load. In such a case there is no reflected 
power and therefore no standing waves of current 
and voltage. This is a special case that represents 
the change-over point between "short-circuited" 
and "open-circuited" lines. If Zr is less than Zo, the 
current, is largest at the load, while if Z, is greater 
than Zo the voltage is largest at the load. The two 
condit ions are shown at B and C, respectively, in 
Fig. 13-4. 
The resistive termination is an important 

practical case. The termination is seldom an 
actual resistor, the most common terminations 
being resonant circuits or resonant antenna sys-
tems, both of which have essentially resistive 
impedances. If the load is reactive as well as 
resistive, the operation of the line resembles that 
shown in Fig. 13-4, but the presence of reactance 
in the load causes two modifications: The loops 
and nulls are shifted toward or away from the 
load; and the amount of power reflected back 
toward the source is increased, as compared with 
the amount reflected by a purely resistive load of 
the same total impedance. Both effects become 
more pronounced as the ratio of reactance to re-
sistance in the load is made larger. 

Standing- Wave Ratio 

The ratio of maximum current to minimum 
current along a line, Fig. 13-5, is called the 
standing-wave ratio. The same ratio holds for 
maximum voltage and minimum voltage. It is a 
measure of the mismatch between the load and 
the line, and is equal to 1 when the line is per-
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I'M 1 v matched. ( In that (use the "maximum" 
iind -minimum" are t he same, since the current 
and voltage do not vary ah mg the line.) When 
the line is terminated in a purely-resistive load, 
the standing-wave ratio is 

Z Zo 
S3V.R. =--` or —  

Zo Zr. 

Where S.W.R. = Standing-wave ratio 

Zr = Impedance of load (must be 
pure resistance) 

Zo = Characteristic impedance of 
line 

(I3-A) 

Example: A line having a characteristic im-
pedance of 300 ohms is terminated in a resis-
tive load of 25 ohms. The s.w.r. is 

Zo 300 
S.1V.R. = — = 12 to 1 

Z, 25 

It is customary to put the larger of the two 
quantities, Zr or Zo, in the numerator of the 
f ram ion so that the s.w.r. will be expressed by a 
number larger than 1. 

It is casier to measure the standing-wave ratio 
than H,nie of the other quantities (such as the 

2.0 

k. 1.5 
Max 

DISTANCE ALONG LINE --lb-

rig. 13-5— Measurement of - tantling.wase ratite. In 
this drawing, is 1.5 and is 0.5, so the s.w.r. 

Lo,..// 1.5/0.5 = 3 to I. 

impedance of an antenna) that enter into trans-
mission-line eomput at ions. ( onsequently, the 
s.w.r. is a convenient. basis for work with lines. 
The higher the s.w.r., the greater the mismatch 
bet ween line and load. In practical lines, the 
power loss in the line itself inerea.,es wit h the 
s.w.r. 

• INPUT IMPEDANCE 
The input impedance of a transmission line is 

the impedance seen looking into the sending-end 
or input terminals; it is the impedance into which 
the source of power must work when the line is 
connected. If the load is perfectly matched to the 
line the line appears to be infinitely long, as 
stated earlier, and the input impedance is simply 
the characterist ic impedance of the line itself. 
however, if there are standing waves this is no 
longer true; the input. impedance may have a 
wide range of values. 

This can be understood by referring to Figs. 
13-2, 13-3, or 13-4. If the line length is such that. 
standing waves cause the voltage at the input 

terminals to be high and the current. low, then the 
input. impedance is higher than the Zo of the line, 
since impedance is simply the ratio of volt age to 
current.. Conversely, low voltage and high current 
at the input terminals mean that the input im-
pedance is lower than the line Zo. Comparison of 
the three drawings also shows that. t.he range of 
input impedance values that may be encountered 
is great er when the far end of the line is open- or 
short-circuited than it is when the line has a 
resistive load. In ot her words, the higher the 
s.w.r. the greater the range of input, impedance 
values when the line length is varied. 

In addition to t he variation in the absolute 
value of the input impedance wit h line lengt h, the 
presence of standing waves also causes the input 
impedance to contain both reactance and resist-
ance, even though the load itself may be a pure 
resistance. The only exceptions to this occur at 
the exact current loops or nodes, at which points 
the input impedance is a pure resistance. These 
are the only points at which the outgoing and 
reflected voltages and currents are exactly in 
pha.se: At all other distances along the line the 
current either leads or lags behind the voltage and 
the effect is exactly the same as though a capaci-
tance or inductance were part of the input impe-
dance of the line. 
The input impedance can be represented by 

either a resistance and a capacitance, or by a 
• resistance and an inductance, as shown in Fig. 13-
6. ‘Vhether the impedance is inductive or capaci-
tive depends on the characteristics of the h I: el and 
the length of the line. It is possible to represent the 
equivalent circuit by resistance and reactance 
either in series or parallel, so long as the total 
impedance and phase angle are the same in either 
case. Meet ing this last condition requires different 
values of resistance and reactance in the series 
case than in the parallel case. 
The magnitude and character of the input im-

pedance is quite important., since it determines 
the method by which the power source must be 
coupled to the line. Tlw calculation of input im-
pedance is rather complicated and its measure-
ment is not feasible with ordinary equipment. 
Fortunately, in amateur work, it is unnecessary 
either to calculate or measure it.. The proper 
coupling can be achieved by relatively simple 
methods described later in this chapter. 

Unterminated Lines 

The input impedance of a short-circuited or 
open-circuited line not an exact multiple of one-
quarter wavelength long is practically a pure re-
actance. This is because there is very little power 
lost. in the line. Such lines are frequently used as 
"linear" inductances and capacitances. 

If a shorted line is less than a quarter wave long, 
as at X in Fig. 13-2, it will have inductive reac-
tance. The reactance increases with the line length 
up to the quarter-wave point. Beyond that, as at 
Y, the reactance is capacitive, high near the 
quarter-wave point and becoming lower as the 
half-wave point is approached. It then alternates 
between inductive and capacitive in successive 
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quarter-wave sections. Just the reverse is true of 
the open-circuited line. 
At exact multiples of a quarter wavelength the 

impedance is purely resistive. It is apparent, from 
examination of B and D in Fig. 13-2, that at 
points that are a multiple of a half-wavelength — 
i. e., t, 1, 1!." wavelengths, etc. — from the short-
circuited end of the line the current and voltage 

(A) 

(B) 

Fig. 13-6— Series and parallel equivalents of a line 
a hose input impedance has both reactise and resistive 
 ponents. 'I'he series and parallel equis alents do not 
have the saute values; e.g., in A, L does not equal 
and R does not equal R'. 

have the same values that they do at the short-
circuit. In other words, if the line were an exact 
multiple of a half-wavelength long the generator 
or source of power would "look into" a short-
circuit. On the other hand, at points that are an 
odd multiple of a quarter wavelength — i.e., 
34, 114, etc. — from the short-circuit the voltage 
is maximum and the current is zero. Since Z 
E ' 1, the impedance at these points is theoretically 
infinite. (Actually it is very high, but not infinite. 
This is because tile current does not actually go to 
zero when there are losses in the line. Losses are 
always present, but usually are small.) 

Impedance Transformation 

The fact that the input impedance of a line de-
pends on the s.w.r. and line length can be used to 
advantage when it is necessary to transform a 
given impedance into another value. 

Study of It ig. 13-4 will show that, just as in the 
open- and short-circuited cases, if the line is one-
half wavelength long the voltage and current are 
exactly the saine at the input terminals as they 
are at. the load. This is also true of lengths that 
are integral multiples of a half wavelength. It is 
also true for all values of s.w.r. Hence the input 
impedance of any line, no matter what its Zo, that 
is a multiple of a half-wavelength long is exactly 
the same as the load impedance. Such a line can 
be used to transfer the impedance to a new loca-
tion without changing its value. 
When the line is a quarter wavelength long, or 

an odd multiple of a quarter wavelength, the 
load impedance is " inverted." That is, if the cur-
rent is low and the voltage is high at the load, the 
input impedance will be such as to require high 
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current and low voltage. The relationship between 
the load impedance and input impedance is given 
by: 

Zo2 
= (13-B) 

where Z. = Impedance looking into line (line 
length an odd multiple of one-
(luarter wavelength) 

Zr = Impedanee of load (must be pure 
resistance) 

Zu = Characteristic impedance of line 

Example: A quarter-wavelength line having a 
characteristic impedance of 500 ohms is termi-
nated in a resistive load of 75 ohms. The imped-
ance looking into the input or sending end of 
the line is 

Zo, — (500), 250,000 — 3333 ohms z, =  
Zr 75 75 

If the formula above is rearranged, we have 

zo = N/iY, (13-C) 

This means that if we have two values of im-
pedance that we wish to " match," we can do so if 
we connect them together by a quarter-wave 
transmission line having a characteristic imped-
ance equal to the square root of their product. A 
quarter-wave line, in other words, has the charac-
teristics of a transformer. 

Resonant and Nonresonant Lines 

Because the input impeda ir of a line operating 
with a high s.w.r. is critically dependent on the 
line length, and furthermore is usually reactive 
as well as resistive, special tuning means are re-
quired for effective power transfer from the source 
to the line. Lines operated in this way are com-
monly called "tuned" or "resonant" lines. On the 
other. hand, if the s.w.r. is low the input impedance 
is close to the Zo of the line and does not vary a 
great deal with the line length. Such lines are 
called "fiat," or "untuned," or "nonresonant." 
There is no sharp line of demarcation between 

tuned and untuned lines. If the s.w.r. is below 1.5 
to 1 the line is essentially flat, since the same coup-
ling method will work with all line lengths. If the 
s.w.r. is above 3 or 4 to 1 the type of coupling 
system, and its adjustment, will depend on the 
line length and such lines fall into the "tuned" 
category. 

It is always advantageous to make the s.w.r. 
as low as possible. "Tuning the line" becomes 
necessary only when a considerable mismatch 
between the load and the line has to be tolerated. 
The most. important. practical example of this is 
when a single antenna is operated on several 
harmonically-related frequencies, in which case 
the antenna impedance will have widely-different 
values on different harmonies. 

• RADIATION 
W henever \\ ire carries alternating current the 

eleetromagnetit• iii Is travel away into space 
with the velocit y of light. At power-line frequen-
cies the field that "grows" when the current is 
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increasing has plenty of time to return or 
lapse" about about the conductor when the current is 
decreasing, because the alternations are so slow. 
But at radio frequencies fields that travel only a 
relatively short distance do not have time to get 
back to the conductor before the next eyele corn-
menees. The consequence is that some of the 
electromagnetic energy is prevented from being 
restored to the conductor; in other words, energy 
is radiated into spare in the form of electroma-
netic waves. 
The amount of energy radiated depends, 

among ot her things, on the length of t rondue-
tor in relit t ion to the frequency or wavelengt h of 
the r. f. current. If the conductor is very short 
compared to the wavelength the energy radiated 
will be small. However, a transmission line used 
to feed power to an antenna is not short in t his 
sense; in fact, it is almost always an a pprecia ble 
fraction of a wavelength long and may llave a 
length of several wavelengths. 
The lines previously considered have consisted 

of two parallel conductors of the same diameter. 
Provided there is nothing in the system to destroy 
symmetry, at every point along the line the cur-
rent in one conductor has the same intensity as 
the current in the other conductor at that point, 
but the currents flow in opposite dirt q•11,11s. This 
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was shown in Figs. 13-2G and 13-3G. It means 
that the fields set up about the two wires have the 
same intensity, but epposite directions. The conse-
quence is that the total field set up about such a 
transmission line is zero; the two fields "cancel 
out." Hence no energy is radiated. 

Actually, the fields. do not completely cancel 
out because for them to do so the two conductors 
would have to occupy the same space, whereas 
they are slight ly separated. However, the cancel-
lation is substantially eomplete if the distance 
between the conductors is very small compared 
to the wavelengt h. Transmission line radiation 
will be negligible if the distance between the con-
duetors is 0.01 wavelength or less, provided the 
currents in the two wires actually are balanced 
as deseribed. 
The amount of radiation also is proportional to 

the current flowing in the line. Because of the way 
in which the current varies along the line when 
there are standing waves, the effective current, 
for purposes of radiation, becomes greater as the 
sAy.r. is increased. For this reason the radiation is 
least when the line is flat. However, if the conduc-
tor spacing is small and the currents are balaneed, 
the radiation from a line with even a high s.w.r. is 
inconsequential. A small unbalance in the line 
currents is far more serious. 

Practical Line Characteristics 

The foregoing discussion of transmission lines 
has been based on a line consisting of two parallel 
conductors. Actually, the parallel-conductor line 
is but one of two general types. The other is the 
coaxial or concentric line. The coaxial line con-
sists of a round conductor placed in the center of 
a circular tube. The inside surface of the tube and 
the outside surface of the smaller inner conductor 
form the two conducting surfaces of the line. 

In the coaxial line the fields are entirely inside 
the tube, because the tube acts as a shield to pre-
vent them from appearing outside. This reduces 
radiation to the vanishing point. So far as the elec-
trical behavior of coaxial lines is concerned, all 
that has previously been said about the operation 
of parallel-conductor lines applies. There are, 
however, practical differences in the construction 
and use of parallel and coaxial lines. 

• PARALLEL-CONDUCTOR LINES 
A common type of parallel-conduet or line used 

in amateur installations is one in which two wires 
(ordinarily No. 12 or No. 14) are supported a 
fixed distance apart by means of insulating rods 
called "spacers." The spacings used vary from 
two to six inches, the smaller spacings being neces-
sary at frequencies of the order of 28 Mc. and 
higher so that radiation will be minimized. The 
construction is shown in Fig. 13-7. Such a line is 
said to be air-insulated. Typical spacers are 
shown in Fig. 13-8. The characteristic impedance 
of such "open-wire" lines is between 400 and 600 
ohms, depending on the wire size and spacing. 

Parallel-conductor lines also are sometimes con-
structed of metal tubing of a diameter of ,1z, to I/2" 
inch. This reduces the characteristic impedance 

Na /2 Or/4 

tO 6" 

I  

of open-wire line. Fig. 13-7 — Ty pira I construi   
l'he line conductor fits in a groove in the end of the 
spacer, and is held in place by a tie-wire anchored in a 
hole near the groove. 

of the line. Such lines are mostly used as quarter-
wave transformers, when different values of im-
pedance are to be matched. 

Prefabricated parallel-conductor line with air 
insulation developed as a low-loss line for tele-
vision reception can be used in transmitting ap-
plications. This line consists of two No. 18 con-
ductors held at a spacing of one-half to one inch 
by molded-on spacers. The characteristic imped-
ance is 375 to 450 ohms, depending on the spacing. 
A convenient type of manufactured line is one 

in which the parallel conductors are imbedded in 
low-loss insulating material (polyethylene). It is 
commonly used as a TV lead-in and has a chame-
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jig. 13-8 - viral tua ncc facture,' t ran-in is.inn lines 
and . pacers. 

terist ic impedance of 300 ohms. It is sold under 
various names, the most common of which is 
"Twin-Lead." This type of line has the advan-
tages of light weight, close and uniform conductor 
spacing, flexibility and neat appearance. How-
ever, the losses in the solid dielectric are higher 
than in air, and dirt or moisture on the line tends 
to change the characteristic impedance. Moisture 
effects can be reduced by coating the line with 
silicone grease. A special form of 300-ohm Twin-
Lead for transmitting uses a polyethylene tube 
with the conductors molded diametrically oppo-
site; the longer dielectric path in such line re-
duces moisture troubles. 

In addition to 300-ohm line, Twin-Lead is ob-
tainable with a characteristic impedance of 75 
ohms for transmitting purposes. Light-weight 75-
and 150-ohm Twin-Lead also is available. 

Characteristic Impedance 

The characteristic impedance of an air-insu-
lated parallel-conductor line is given by: 

Zo = 276 log -b (13-D) 
a 

where Zo = Characteristic impedance 
b = Center-to-center distance between 

conductors 
a = Radius of conductor (in same units 

as b) 

It does not matter what units are used for a and b 
so long as they am the saute units. Both quantities 
may be measured in centimeters, inches, etc. 
Since it is necessary to have a table of common 
logarithms to solve practical problems, the solu-
tion is given in graphical form in Fig. 13-9 for a 
number of common conductor sizes. 

In solid-dielectric parallel-conductor lines such 
as Twin-Lead t he characteristic impedance can-
not be calculated readily, because part of the 
electric field is in air as well as in the dielectric. 

Unbalance in Parallel-Conductor Lines 

When installing parallel-conductor lines care 
should be taken to avoid introducing electrical 
unbalance into the system. If for some reason the 
current in one conductor is higher than in the 

other, or if the currents in the two wires are not 
exact ly out, of phase with each 011 wr, the electro-
magnetic fields will not cancel completely and a 
considerable amount of power may be radiated 
by the line. 

Maintaining good line balance requires, first of 
all, a balanced load at its end. For this reason the 
antenna should be fed, whenever possible, at a 
point where each conductor "sees" exactly the 
same thing. Vsuallv this means that the antenna 
system should be fed at its electrical center. Even 
though the antenna appears to be symmetrical, 
physically, it can be unbalanced electrically if the 
part connected to one of the line conductors is 
inadvertently coupled to something (such as 
house wiring or a metal pole or roof) that is not 
duplicated on the other part of the antenna. 
Every effort, should be made to keep the antenna 
as far as possible from other wiring or sizable 
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Fig. 13-9 — Chart showing the characteristic imped-
ance of spaced-conductor parallel transmission lines 
with air dielectric. Tubing sizes given are for outside 
diameters. 

metallic objects. The transmission line itself will 
cause some unbalance if it is not brought away 
from the antenna at right angles to it for a dis-
tance of at least a quarter wavelength. 

In installing the line conductors take care to 
see that, they are kept away from metal. The 
minimum separation between either conductor 
and all other wiring should be at least four or five 
times the conductor spacing. The shunt capaci-
tance introduced by close proximity to metallic 
objects can drain off enough current (to ground) 
to unbalance the line currents, resulting in in-
creased radiat ion. A shunt capacitance of this sort 
also constitutes a reactive load on the line, caus-
ing an impedance "bump" that will prevent mak-
ing the line actually flat. 

• COAXIAL LINES 
The most common form of coaxial line consists 

of eit her a solid or stranded-wire inner conductor 
surrounded by polyethylene dielectric. Copper 
braid is woven over the dielectric to form the 
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out er conductor, and a wat erproof vinyl covering 
is placed on top of the louid. This cable is made 
in a number of different diameters. It is moder-
ately flexible, and so is convenient to install. 
Some different types are shown in Fig. 13-8. This 
solid coaxial cable is commonly available in im-
pedances approximating 50 and 70 ohms. 

Air-insulated coaxial lines have lower losses 
than the solid-dielectric type, but are less used in 
amateur work because they are expensive and 
difficult to install as compared with the flexible 
cable. The common type of air-insulated coaxial 
line uses a solid-wire conduct or inside a copper 
tibe, with the wire held in t he cent er of t he tube 
by tn(qtos of insulating ' beads- placed at regular 
intervals. 

Characteristic Impedance 

The characteristic impel aw.e of an air-insu-
lated coaxial line is given by the formula 

Zo = 138 log -1, (13-E) 
a 

where Zo = Characteristic impedance 
= Inside diameter of outer conductor 

a = Outside diameter of inner conductor 
(in same units as b) 

Curves for typical conductor sizes are given in 
Fig. 13-10. 
The formula for coaxial lines is approximately 

correct for lines in which bead spacers are used, 
provided the beads are not too closely spaced. 
When the line is filled with a solid dielectric, the 
characteristic impedance as given by the chart 

should be multiplied by 1 /VK, where K is the 
dielectric constant of the material. 

• ELECTRICAL LENGTH 
In the discussion of line operation earlier in 

this chapter it was assumed that currents trav-
eled along the conductors at the speed of light. 
Actuall, . the velocity is somewhat less, the reason 
being t hat electromagnetic fields travel more 
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TABLE 13-1 

Trarusmission-Line Data 

Type 
Description 
or Type 
Number 

Cltarac-
teristie 
Imped-
ance 

Velocity 
Factor 

Capaci-
tance 

per root; 
pmfd. 

Coaxial 

l'arallel-
condo,-

tor 

Air-insulated 
11C-8 U 
liG-511 ,13 
11C- 11/U 
11G-59 U 

50-100 
53 
53 
75 
73 

.Nir.instalated 
II 0803 
I 1 023, 
I I 079, 
I I 036, 
I I 076, 
I 1 11223 

200-600 
75 
75 
150 
300 
300 
300 

0.85, 
0.66 
0.66 
0.66 
0.66 

0.9752 
0.68 
0.71 
0.77 
0.82 
0.84 
0.85 

29.5 
28.5 
20.5 
21.0 

19.0 
20.0 
10.0 
5.8 
3.9 
3.0 

'Average figure for small-diameter I ties with ceramic beads. 
2 Average figure for lines insulated with ceramic spacers at 

intervals of a few feet. 
3 Amphemil type numbers and data. Line similar to 14-056 

is made by several manufarturers, but rated has may differ 
from that given in Fig. 13-11. Types 14-023, 14-076. and 
14-022 are made for tnuismitting applications. 

slowly in material dielectrics than they do in free 
space. In air the velocity is practically the same 
as in empty space, but a practical line always has 
to be supported in some fashion by solid insulat-
ing materials. The result is that the fields are 
slowed down; the currents travel a shorter dis-
tance in the time of one cycle than they do in 
space, and so the wavelength along the line is less 
than the wavelength would be in free space at the 
same frequency. 
Whenever reference is made to a line as being 

so many wavelengths ( such as a "half-wave-
length" or "quarter wavelength") long, it is to 
be understood that the eleetried length of the line 
is meant. Its actual physical length as measured 
by a tape always will be somewhat less. The 
physical length corresponding to an electrical 
wavelength is given by 

984 
Length in feel = - • V (13-F) 

where f = Frequency in megacycles 
V = Velocity factor 

The velocity factor is the ratio of the actual 
velocity along the line to the velocity in free 
Space. Values of V for several common types of 
lines are given in Table 13-I. 

Example: A 75-foot length of 300-ohm Twin-
Lead is used to carry power to an antenna at a 
fre.meney of 7150 k,.. From Table 13-1, V is 0.82. 
At this frequency (7.15 Mc.) a wavelength is 

984 984 
Length (feet) - X 1).82 

7.15 

= 137.6 X 0.82 = 112.8 ft. 

The line length is therefore 75/112.8 = 0.665 
wavelength. 

Because a quarter-wavelength line is fre-
quently used as a linear transformer, it is con-
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Fig. 1341 --- Attenuation 
data for co lllll ion types of 
transtnissi.in lines. Curve 
A is the nominal anemias 
lion of 600-olun open-wire 
linewith No.12 mndurtors, 
not including dielectric 
loss in spacers nor possible 
radiation losses. Additional 
line data are gis en in 
Table 13.1. 
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venient to calculate the length of a quarter-wave 
line directly. The formula is 

2 
Length (feet) = — 46 • V (13-G) 

where the symbols have tlx• same meaning as 
above. 

• LOSSES IN TRANSMISSION LINES 
There are three ways by which power may be 

lost in a transmission line: by radiation, by heat-
ing of the conductors (PR loss), and by heat ing 
of the dielectric, if any. There is no appreciable 
radiation loss from a coaxial line, but radiation 
from a parallel-conductor line may exceed the 
heat losses if the line is unbalanced. Since radiation 
losses cannot readily be estimated or measured, 
the following discussion is based only on conduc-
tor and dielectric losses. 
Heat losses in both the conductor and the 

dielectric ii orease wit h frequent-y. Conductor 
losses also are greater the lower the characterist ic 
impedance of the line, because a higher current 
flows in a low-impedance line for a given power 
input. The converse is true of dielectric losses 
Itecause these increase with the voltage, which is 
greater on high-impedance lines. The dieleetric 
loss in air-insulated lines is negligible (the only 
loss is in the insulating spacers) and such littes 
operate at high efficiency when radiation losses 
are low. 

It is convenient to express the loss in a trans-
mission line in decibels per unit length, since the 
loss in db. is directly proportional to the line 
length. Losses in various types of lbws operated 
without standing waves (that is, terminated in a 
resistive load equal to the characteristic imped-
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anee of the line) are given in graphical form in 
Fig. 13-11. In these curves the radiation loss is 
assumed to be negligible. 
When there are standing waves on the line the 

power loss increases as shown in Fig. 13-12. 
Whether or not the increase in loss is serious de-
pends on what the original loss would have been 
if the line were perfectly matched. If the loss with 
perfect matching is very low, a large s.w.r. will 
not greatly affect the efficiency of the line — i.e., 
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LINE LOSS IN DB WHEN MATCHED 

Fig. 13-12— Effect of standing-wave ratio on line loss. 
The ordinates give the additional loss in decibels for the 
loss, under perfectly -matched conditions, shown on the 
horizontal scale. 
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the ratio of the power delivered to the load to the 
power put into the line. 

Example: A 150-foot length of RO-11/U cable 
is operating at 7 Mc. with a 5-to-1 s.w.r. If per-
fectly matched, the loss from Fig. 13-11 would 
be 1.5 X 0.4 = 0.6 db. From Fig. 13-12 the 
additional loss because of the s.w.r. is 0.73 db. 
The total loss is therefore 0.6 0.73 = 1.33 db. 

An appreciable s.w.r. on a solid-dielectric line 
may result in excessive loss of power at the 
higher frequencies. Such lines, whether of the 
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parallel-conductor or coaxial I ype, should be 
operated as nearly flat as possible, particularly 
when the line length is more than 50 feet or so-. 
As shown by Fig. 13-12, the increase in line loss 
is not too serious so long as the s.w.r. is below 2 
to 1, but increases rapidly when the s.w.r. rises 
above :3 to 1. Tuned transmission lines such as 
are used with multiband antennas always should 
be air-insulated, in the interests of highest effi-
ciency. 

Matching the Load to the Line 

The load for a transmission line may be any 
device capable of dissipating r.f. power. When 
lines are used for transmitting applications the 
most common type of load is an antenna, but 
there are also practical cases where the grid cir-
cuit of a power amplifier may represent the load. 
When a I ransmission line is connected between an 
antenna awl a receiver, the receiver input circuit 
(not the antenna) is the load, because the power 
taken from a passing wave is delivered to the 
receiver. 
Whatever the application, the conditions exist-

ing a t the load, and only the load, determine the 
standing-wave ratio on the line. If the load is 
purely resistive and equal in value to the charac-
teristic impedance of the line, there will be no 
standing waves. If the load is not purely resistive, 
and/or is not equal to the line Zn, there will be 
standing waves. No adjustments that can be 
made at the input end of the line can change the 
s.w.r., nor is it affected by changing the line 
length. 
Only in a few special cases is the load inherently 

of the jroper value to match a practicable trans-
mission line. In all other cases it is necessary 
either to operate with a mismatch and accept the 
s.w.r. that results, or else to take steps to bring 
about a proper match between the line and load 
by means of transformers or similar devices. 
Impedance-matching transformers may take a 
variety of physical forms, depending on the cir-
cumstances. 
Note that it is essent ial, if the s.w.r. is to be 

made as low as possible, that the load at the point 
of connection to the transmission line be purely 
resistive. In general, this requires that the load 
be tuned to resonance. If the load itself is not 
resonant at the operating frequency the tuning 
sometimes can be accomplished in the matching 
system. 

• THE ANTENNA AS A LOAD 
Every antenna system, no matter what its 

physical form, will have a definite value of im-
pedance at the point where the line is to be con-
nected. The problem is to transform this antenna 
input impedance to the proper value to match 
the line. In this respect there is no one "best" 
type of line for a particular antenna system, be-
cause it is possible to transform impedances in 

any desired ratio. Consequently, any type of line 
may be used with any type of antenna. There are 
frequently reasons other than impedance match-
ing that dictate the use of one type of line in 
preference to another, such as ease of installation, 
inherent loss in the line, and so on, but these are 
not considered in this section. 

Although the input impedance of an antenna 
system is seldom known very accurately, it is 
often possible to make a reasonably close esti-
mate of its value. The information in the chapter 
on an van be used as a guide. 

Nla telling circuits may be constructed using 
ordinary coils and condensers, but are not used 
very extensively because they must be supported 
at the antenna and must be weatherproofed. The 
systems to be described use linear transformers. 

The Quarter- Wave Transformer or 
"Q" Section 

As describe, I earlier in this chapter, a quarter-
wave transmission line may be used as an im-
pedance transformer. Knowing the antenna im-
pedance and the characteristic impedance of the 

Antenna 

Matching 
section 

Trans. Line 

Fig. 13-13 — "Q" matching section, a quarter-wave 
impedance transformer. 

transmission line to be matched, the required 
characteristic impedance of a matching section 
such as is shown in Fig. 13-13 is 

Z = vzizo 
where Z1 is the antenna impedance and Z0 is 
the characteristic impedance of the line to which 
it is to be matched. 

Example: To match a 600-ohm line to an an-
tenna presenting a 72-ohm load, the quarter-
wave matching section would require a charac-

teristic impedance of V72 X 600 = V43,200 
= 208 ohms. 

The spacings between conductors of various sizes 
of tubing and wire for different surge impedances 
are given in graphical form in Fig. 13-9. (With 
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2-inch tubing, the spacing in the example above 
should be 1.5 inches for an impedance of 208 
ohms.) 
The length of the quarter-wave matching sec-

tion is given by Equation I3-G. 
The antenna must I w resonant at the operating 

frequency. Setting the antenna length by formula 
is amply accurate wit h single-wire antennas, but 
in other systems, particularly close-spaced arrays, 
the antenna should be adjusted to resonance ite-
fore the matching section is connected. 
When the antenna input impedance is not 

known accurately, it is advisable to construct the 
matching section so that the spacing la- to-T-(41 
conductors can be changed. The spacing them 
may be adjusted to give the lowest possible s. 
on the transmission line. 

Stub Matching 

When a transt»ission line is not matelted I e tls-
load, the impedance looking into the line toward 
tlw load varies with the distance froto the load, as 
discussed earlier in this ehapter. Considering the 

Sendiny End X -4, 

Fig. 13-14 — Mulching the antenna to the line by means 
of a stub, 1. Curves for determining the lengths .\ and 

are gis VII in Figs. 13-15 and 13-16, for the case where 
the line. 'section \ and section 1 all have the sanie 
charaeteriss ie impedanee. 

input impedance to be equivalent to a resistance 
ill parallel with a rt.actance, at some distance 
along the line such as X in Fig. 13-14 the resistive 
part of the input impedance will be equal to the 
Z 0 of the line. If at this point a reactance equal to 
the reactive part of the input impedance, but of 
the opposite type, is connected across the line, the 
reactances will cant-el and leave only the resistive 
component. From this point back to the trans-
mitter or other source of energy the line will be 
matched. 
The reactances used for matching in this way 

are usually linear reactances seta ions of 
transmission line — called stubs. Stubs nuty be 
open or closed, depending on whether the free end 
is left oiten or is short-circuited, according to the 
type of reactant-e requiretl in a particular case. 
The type and length of st tib, as well as the point 
at which it should be at tached to the line, can be 
found without any knowledge of the antenna in-
put impedanee, providing that, the s.w.r. on the 
line ean lw measured before tlw stub is at taelwd, 
and providing tlutt the position of a current node 
(voltage loop) can be determined under the same 
conditions. 
When the s.w.r. and the position of a current 

node are known Figs. 13-15 and 13-16 give the 
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Fig. 13-15 — Graph for determining position and 
length of a mhonet1 st iii,. 11' •sis.  may be converted 
to linear   after s alues have been taken from the 
graph. 

stub information necessary for impedance match-
ing. Stub lengths are given in wavelengths, which 
may lw eonverted to feet with the help of Equa-
tion 13-F. The data in Figs. 13-15 and 13-16 are 
based on the assumption that the line and stub 
both have the same Zo. 
With this system of matching it is not necessary 

that the antenna system be exactly resonant, 
sinee the match is I mscl on the position of a cur-
rent node along the line. The node nearest the 
tt nt en ittl should be used for determining the 
posit of tlw stub so that as much as possible of 
the t ransmission line will be operating with a low 
s.w.r. 

Folded Dipoles 

A half-wave antenna element can be made 
to match various line impedances if it is split 
into two or more parallel conductors with the 
transmission line attached at the center of 
only one of them. Various forms of such "folded 
dipoles" are shown in Fig. 13-17. Currents in all 
conductors are in phase in a folded dipole, and 
since the conductor spacing is small the folded 
dipole is equivalent in radiating properties to an 
ordinary single-conductor dipole. However, thc 
current flowing into the input terminals of the 
antenna from the line is the current in one conduc-
tor only, and the entire power from the line is 
delivered at this value of current. This is equiva-
lent to saying that the input impedance of the 
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(A) I Line 

(6) 

Line (C) 

 Y 

Fig. 13-17 — The folded dipole, a method l'or using the 
antenna element itself to provide an impedance trans-
fo mm ation. 

antenna has been raised by splitting it up into 
two or more conductors. 

If the conductors of a folded dipole are all 
the saine diameter and the spacing Itetween them 
is small, the impedzuwe at the input terminals is 
approximately equal to the input impedance of 
an ordinary dipole multiplied by the square of the 
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Fig. 13.18 — Impedance transformation ratio, two-
conductor folded dipole. 'I'he dimensions di, d2 and s are 
shown on the inset drawing. Curves si  the ratio of 
the impedance ( resistive) seen 4 the tran-mission line 
to the radiation resistance of the reson:Int antenna 
system. 

CHAPTER 13 

number of conductors. A simple half-wave an-
tenna has an impedance of about 70 ohms, so a 
two-conductor folded dipole will have an input 
impedance of 280 ohms, and a three-conductor 
dipole an impedance of 630 ohms. These values 
are sufficiently close for good matching to 300-
ohm or 600-ohm line, respectively. 

Other values of impedance ratio may be ob-
tahwd by making one conductor larger in diame-
ter than the other, as shown at C in Fig. 13-17. 
The required ratio of conductor radii (or diame-
ters) for a desired impedance ratio using two 
conductors may be obtained from Fig. 13-18. 
Similar information for a 3-conductor dipole is 
given in Fig. 13-19. This graph applies where all 
three conduct ors arc in the same plane and the 
two condu(t rs not la atneeted to the transmission 
line are equally sptwed front the fed conductor, 
and have equal meters (this diameter need not 
equal the diameter of the fed conductor). The 
unequal-conduct ir method has been found par-
ticularly useful in matching to low-impedance 
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Fig. 13.19 — Impedance transformation ratio, three-
conductor folded dipole. The dimensions di, d2 and a 
are shown on the inset drawing. Curves show the ratio 
of the impedance (resistive) seen by the transmission 
line to the radia  resistance of the resonant antenna 
sy.tem. 

antennas such as directive arrays using close-
spared parasitic elements. 
The lengt it of the antenna element should be 

suela as to be approximatel-y self-resonant at the 
median opera t ing frequeney. The length is usually 
not highly eritical, because this method of match-
ing tends to compensate for changes in antenna 
reactance with frequency and thus broadens the 
frequency-response curve of the antenna. 

"T" and "Gamma" Matching Sections 

The met hod of matching shown in Fig. 
13-20A is based on the fact that the impedance 
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between any two points along a resonant antenna 
is resistive, and has a value w huit depends on the 
spacing between the two points. It is therefore 
possible to choose a pair of points between which 
the impedance will have the right value to match 
a transmission line. In practice, the line cannot 

 1 

(A) 

 Y 

Line 

 1 

(B) Line 

Fig. 1.3-20— The match and ..gamma" match. 

be connected directly at these points because the 
distance between them is much greater t han the 
conductor spacing of a practicable transmission 
line. The "T" arrangement in Fig. 13-20A over-
comes this difficulty by using a second conductor 
paralleling the antenna to form a matching section 
to which the line M:IV be mtineeted. 
The "T" is parti(:tilarly suited to use with a 

parallel-conductor line, in which case the two 
points along the antenna should be equidistant 
from the center so that electrical balance is main-
tained. 
The operation of this system is somewhat com-

plex. Each "T" conductor (y in the drawing) 
forms with the antenna conductor opposite it a 
short section of transmission line. Each of these 
transmission-line sections can be considered to be 
terminated in the impedance that exists at the 
point of connection to the antenna. Thus the part 
of the antenna between the two points carries a 
transmission-line current in addition to the nor-
mal antenna current. The two transmission-line 
matching sections are in series, as seen by the 
main transmission line. 

If the antenna by itself is resonant at the op-
erating frequency its impedance will be purely 
resistive, and in such cast t he matching-section 
lines are terminated in a resistive load. However, 
since these sections are shorter than a quarter 
wavelength their input impedance — i.e., the im-
pedance seen by the main transmission line look-
ing into the matching-section terminals — will 
be reactive as well as resistive. This prevents a 
perfect match to the main transmission line, since 
its load must be a pure resistance for perfect 
matching. The reactive component of the input 
impedance must be tuned out before a proper 
match ean be secured. 
One way to do this is to detune the antenna just 

enough, by changing its length, to cause reactance 
of the opposite kind to be reflected to the input 
terminals of the matching section, thus cancelling 
the reactance introduced by the latter. Another 

which I tiisider:ti,iv easier to adjust, is 
to insert a varial tie vondenser in series will) t.he 
titiciting section where it connects to the trans-
mission line, as shown in Fig. 13-21. A condenser 
having a maximum capacitance of 150 jaifd. or so 
will be about right in the average ease, for 14 
Mr. and higher. The condenser must be protected 
from the wi.tither. 
The met hod of adjustment commonly used is 

to cut the antenna for approximate resonance and 
then make the spacing .r some value that is con-
venient constructionally. The distance y is then 
adjusted, while maintaining symmetry with 
respect to the center, until the s. w. r. on the trans-
mission line is as low as possible. If the s.w.r. is 
not below 2 to 1 after this adjustment, the an-
tenna length should be changed slightly and the 
matching-section taps adjusted again. This proc-
ess may be continued with t he s.w.r. is as close 
to 1 to 1 as possible. 
When the series-condenser method of reactance 

compensation is used (Fig. 13-21) the antenna 
should be the proper length to be resonant at the 
operating frequency. Trial positions of the match-
ing-section taps are taken, each time adjusting 
the condenser for minimum s.w.r., until the 

Trans. 
Line 

TranS 
Line 

Fig. 13-21 — Using seric. condensers for tuning out 
reactance in the matching - lion with the ""1— match 
and -gamma" match. The condenser C should have a 
maxi ttttt iii eapacitance of approximately 150 gafil. for 
14 \i e. and may have proportionately lower capaci-
tances for shorter wavelengths. lieceiving-type con-
densers can be used for powers up to a few hundred 
watts. 

standing waves on the transmission line are 
brought down to the lowest possible value. 
The unbalanced ("ganuna") arrangement in 

Fig. 13-20B is similar in principle to the "T," but 
is adapted for use with single coax line. The 
method of adjustment is the same. 

The "Delta" Match 

The ma telling system in Fig. 13-22 is based 
on the va ria 1 ion in impedance between two points 
symmetrically located wit h respect to the center 
of the antenna, : is in the case of the "T" match, 
but uses a different matching section. If the two 
conductors of a transmission line are fanned out, 
the Zn of the line will increase with the increase 
in spacing. A fanned section of line can be used to 
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match a given load impedance to the Zo of a uni-
formly-spaced transmission line, provided the 
line in is lower than the impedance of the load. 
Strictly, such a match can be made only if the 
conductor spacing in the fanned section; of line 
increases at an exponential rate, but the "delta" 
arrangement in Fig. 13-22 is a rough approxima-
tion to this type of spacing. 

Dimensions a and b in Fig. 13-22 depend on the 
antenna impedance (whether it is a simple half-

,Lire 

Fig. 13-22— The "del a" matching section. 

wave antenna or the driven element of a multiele-
ment beam), the size of the eonductors in the 
delta, and the Zo of the transmission line to be 
matched. Methods for calculation are not avail-
able, but dimensions for practical eases are given 
in the chapters on antennas. 

• BALANCING DEVICES 

An antenna with open ends, of which the half-
wave type used as an illustration in this section is 
an example, is inherently a balanced radiator, 
having equal and opposite voltages at its ends 
and minimum voltage at the center. When opened 
at the center and fed with a parallel-conductor 
line this balance is maintained throughout the 
system, including the transmission line, so long as 
the causes of unbalance discussed earlier in this 
chapter are avoided. 

If the antenna is fed at the center through a 
coaxial line, as indicated in Fig. 13-23A, this bal-
ance is upset because one side of the radiator is 
connected to the shield while the other is con-
nected to the inner conductor. The antenna cur-
rent on the side connected to the shield can flow 
down over the outside of the coaxial line, and the 
fields thus set up cannot be canceled by the fields 
from the inner conductor because the fields inside 
the line cannot. escape through the shielding af-
forded by the outer conductor. Hence these 
"ant urine currents flowing on the outside of the 
line will be responsilile for radiation. (In the gam-
ma match of Fig. 13-20B such radiation is largely 
prevented because the radiator is continuous and 
the outer conductor is connected to its center, a 
point which is at ground potential.) 

Linear Balans 

Line radiation can be prevented by a number of 
devices whose purpose is to detune or &couple the 
line for "antenna" currents and thus greatly re-
duce their amplitude. Such devices generally are 
known as baluns (a contraction for "balanced to 
unbalanced"). Fig. 13-23B shows one such ar-
rangement, known as a bazooka, which uses a 
sleeve over the transmission line to form, with 
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Fig. 13-23 — Radiator with coaxial feed (A) and meth-
ods of preventing unbalance currents from flowing on 
the outside of the transmission line ( 1.1 and C). The half. 
wave phasing section shown at D is used for coupling 
between an unbalanced and a balanced circuit when a 
4-to-1 impedance ratio is desired or can he accepted. 
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the outside of the outer line conductor, a shorted 
quarter-wave line section. As described earlier in 
this chapter, the impedance looking into the open 
end of such a section is very high, so that the end 
of the outer conductor of the coaxial line is effec-
tively insulated from the part of the line below 
the sleeve. The length is an electrical quarter 
wave, and may be physically shorter if the insula-
tion between the sleeve and the line is other than 
air. The bazooka has no effect on the impedance 
relationships between the antenna and the coaxial 
line. 

Another method that gives an equivalent effect 
is shown at C. This uses a second conductor, gen-
erally of the same diameter as the coaxial line (a 
piece of the same type of line may be used, the 
inner conductor being disregarded) to form a 
parallel-conductor quarter-wave "insulator," thus 
isolating both halves of the antenna equally from 
the remainder of the line below the shorting con-
nection. 

Fig. 13-23D shows a third balun, in which equal 
and opposite voltages, balanced to ground, are 
taken from the inner conductors of the main 
transmission line and half-wave phasing section. 
Since the voltages at the balanced end are in series 
while the voltages at the unbalanced end are in 
parallel, there is a 4-to-1 step-down in impedance 
from the balanced to the unbalanced side. This 
arrangement is useful for coupling between a 
balanced 300-ohm line and a 75-ohm coaxial line, 
for example. 

Coil Baluns 

Another form of linear balun is shown in the 
upper drawing of Fig. 13-24. Two transmission 
lines of equal length having a characteristic im-
pedance Zo are connected in series at one end and 
in parallel at the other. At the series-connected 
end the lines are balanced to ground and will 
match an impedance equal to 2Zo. At the parallel-
connected end the lines will be matched by an 
impedance equal to Z0/2. One side may be con-
nected to ground at the parallel-connected end, 
provided the two lines have a length such that, 
considering each line as a single wire, the bal-
anced end is effectively decoupled from the paral-
lel-connected end. This requires a length that is 
an odd multiple of wavelength. The impedance 
transformation from the series-connected end to 
the parallel-connected end is 4 to 1. 
A definite line length is required only for de-

coupling purposes, and so long as there is ade-
quate decoupling the system will act as a 4-to-1 
impedance transformer regardless of line length. 
If each line is wound into a coil, as in the lower 
drawing, the inductances so formed will act as 
choke coils and will tend to isolate the series-
connected end from any ground connection that 
may be placed on the parallel-connected end. 
Balun coils made in this way will operate over a 
wide frequency range, since the choke inductance 
is not critical. The lower frequency limit is where 
the coils are no longer effective in isolating one 
line from the other; the length of line in each coil 

should be about equal to a quarter wavelength at 
the lowest frequency to be used. 
The principal application of such coils is in 

going from a 300-ohm balanced line to a 75-ohm 
coaxial line. This requires that the Zo of the lines 
forming the coils be 150 ohms. Design data for 
winding the coils are not available; however, 
Equation 13-D can be used for determining the 
approximate wire spacing. Allowance should be 
made for the fact that the effective dielectric 
constant will be somewhat greater than 1 if the 
coil is wound on a form. The proximity effect 
between turns can be reduced by making the turn 
spacing somewhat larger than the conductor 
spacing. For operation at 3.5 Mc. and higher fre-
quencies the length of each conductor should be 
about 60 feet. The conductor spacing can be ad-
justed to the proper value by terminating each 
line in a resistor equal to its characteristic im-
pedance and adjusting the spacing until an s.w.r. 
bridge at the input end shows the line to be 
matched. 
A balun of this type is simply a fixed-ratio 

transformer and does not make up for inaccurate 

Zo= 2Z 1  

Lo=27, 

Coax 
Parallel — 
Conductor 
Line 

Fig. 13-24 — Baluns for matching between push-pull 
and single-ended circuits. The impedance ratio is 4 to 1 
from the push-pull side to the unbalanced side. Coiling 
the lines as shown in the lower drawing increases the 
frequency range over which satisfactory operation is 
obtained. 

matching elsewhere in the system. With a " 300-
ohm " line on the balanced end, for example, a 
75-ohm coax cable will not be matched unless the 
300-ohm line actually is terminated in a 300-ohm 
load. 

• NONRADIATING LOADS 
Important practical cases of nonradiating loads 

for a transmission line are the grid circuit of a 
power amplifier (considered in the chapter on 
transmitters), the input circuit of a receiver, and 
another transmission line. This last case includes 
the "antenna tuner" — a misnomer because it is 
actually a device for coupling a transmission line 
to the transmitter. Because of its importance in 
amateur installations, the antenna coupler is 
considered separately in a later section of this 
chapter. 

Coupling to a Receiver 

A good match between an antenna and its 
transmission line does not guarantee a low stand-
ing-wave ratio on the line when the antenna sys-
tem is used for receiving. The s.w.r. is determined 
wholly by what the line "sees" at the receiver's 
antenna-input terminals. For minimum s.w.r. 
the receiver input circuit must be matched to the 
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line. The rated input impedance of a receiver is a 
nominal value that varies over a considerable 
range with frequency. Methods for bringing about 
a proper match are discussed in the chapter on re-
ceivers. 

It should be noted that if the receiver is matched 
to the line, then it is desirable that the antenna 
and line also be matched, since this results in 
maximum signal transfer from the antenna to the 
line. If the receiver is not matched to the line, the 
input impedance of the line (at the terminals of 
the antenna itself) in turn cannot match the 
antenna impedance. In such a case the signal in-
put to the receiver depends on the coupling sys-
tem used between the line and the receiver. For 
greatest signal strength the coupling system has 

to be adjusted to the best compromise between re-
ceiver input impedance and load appearing at the 
input (antenna) end of the line. The proper ad-
justments must be determined by experiment. 
A similar situation exists when the receiver in-

put impedance inherently matches the line Zo, 
but the line and antenna are mismatched. Under 
these conditions perfect matching at the receiver 
does not result in greatest signal strength; a de-
liberate mismatch has to be introduced so that the 
maximum power will be taken from the antenna. 
The most desirable condition is that in which 

the receiver is matched to the line Zo and the line 
in turn is matched to the antenna. This transfers 
maximum power from the antenna to the receiver 
with the least loss in the transmission line. 

Coupling the Transmitter to the Line 

The type of coupling system that will be needed 
to transfer power adequately from the final r.f. 
amplifier to the transmission line depends almost 
entirely on the input impedance of the line. As 
shown earlier in this chapter, the input impedance 
is determined by the standing-wave ratio and the 
line length. The simplest case is that where the 
line is terminated in its characteristic impedance 
so that the s.w.r. is 1 to 1 and the input impedance 
is merely the Zo of the line, regardless of line 
length. 

Coupling systems that will deliver power into a 
fiat line are readily designed. For all practical 
purposes the line can be considered to be flat if 
the s.w.r. is no greater than about 1.5 to 1. That 
is, a coupling system designed to work into a pure 
resistance equal to the line Zo will have enough 
leeway to take care of the small variations in 
input impedance that will occur when the line 
length is changed, if the s.w.r. is higher than 1 to 
1 but no greater than 1.5 to 1. 

Coupling circuits suitable for coaxial lines are 
discussed in the chapter on transmitters. As 
stated in that chapter, an untuned "pick-up" or 
"link" coil connected directly to the transmission 
line should have an inductance such that the 
reactance at the operating frequency is approxi-
mately equal to the Zo of the line, to assure ade-
quate coupling to a line that is actually flat. 
While this condition is sometimes met well 
enough at the higher frequencies, at least for 
coaxial lines, by manufactured link coils, it is 
definitely not met when a parallel-conductor 
line having a Zo of 300 ohms or 
more is used. The optimum pick-up 
coil for coupling to such lines will 
have about the same inductance as 
the plate tank coil itself. 
Amateurs are frequently success-

ful in coupling power into a line even 
though the pick-up coil is quite 
small and is loosely coupled to the 
amplifier tank coil. When such 
coupling is possible it is an indica-
tion that the line is operating at a 
fairly high s.w.r. and that the line 

length is such as to bring a current loop near 
the input end. It is customary to "prune" 
the line length in such cases until adequate 
coupling is secured — a practice that has given 
rise to the wholly fallacious belief, on the part 
of many, that pruning the line reduces the 
standing-wave ratio and that a flat line will 
load an amplifier with a small link and very 
loose coupling. Pruning the line accomplishes 
nothing if the line is actually flat because, as ex-
plained earlier in this chapter, the input imped-
ance of a matched line is equal to its Zo regardless 
of the line length. If the line is not flat, pruning 
changes the input impedance and eventually 
results in a value such that the link or pick-up 
coil is actually tuned to the operating frequency 
by the line, a condition that will give maximum 
power transfer with minimum coupling. The higher 
the s.w.r. the more loose the coupling can be. Al-
though there is nothing inherently wrong with 
this method of adjustment, it works only when 
the s.w.r. is fairly high and will not work with a 
line that actually is flat. 

Tuned Coupling 

A tuned coupling circuit has the same advan-
tages, when used with properly-terminated paral-
lel-conductor lines, that were outlined in the 
transmitting chapter in connection with coaxial 
lines. The principles are the same as well, but 
a resistance of 300 to 600 ohms is too high to be 
connected in series with a tuned circuit. Conse-
quently, parallel-tuned circuits must be used with 

Alternative &use 
with small links 

Paraeel 
Cond. 

L3 

Fig. 13-25 — Tuned circuits for coupling to a flat parallel-conductor 
line. Values for CI are given in Table 13-11; Li is chosen to resonate 
with the value given at the operating frequency. In the alternative 
circuit the total inductance of Li, L2 and L3 should equal Li in the 
circuit at the left. 
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S W R 
BRIDGE 

Set-up for Initial /lest-meat 
Fig. 13-26 — Matching circuits using a coaxial link, for use with parallel. 
conductor transmission lines. Adjustment set-up using an s.w.r. bridge is 
shown in the lower drawing. Design considerations and method of adjust-
ment are discussed in the text. 

these lines. Typical arrangements are shown in 
Fig. 13-25. The capacitance values given in Table 
13-11 are for a Q of 2 and are the minimum values 
that should be used. The Q may be increased, per-
mitting full power transfer with looser coupling 
between the coils, by increasing the capacitance 
and decreasing the inductance correspondingly 
to maintain resonance. 
The capacitance values given are the total 

capacitance required, so if a balanced condenser is 
used as indicated at C1 in Fig. 13-25 each section 
of the condenser should have twice the capacitance 
given. A single-ended condenser may be used if 
care is taken to mount it far enough away from 
the chassis or any other grounded conductor so 
that the capacitance from stator and frame to 
ground is small. In such case the condenser should 
be tuned by an insulated extension shaft. 
The series-tuned circuit shown in the transmit-

ter chapter for coax line can be adapted to use with 
75-ohm parallel-conductor line by using two 
variable condensers, one in each line conductor 
and each having twice the capacitance specified, 
and removing the ground connection. This is the 
best arrangement for maintaining balance to 
ground, but if reasonable care is taken to mount 
the condenser as described in the preceding para-
graph, a single condenser may be used. In that 
case the only circuit difference is that neither side 
of the line should be grounded. 

Link Coupling 

The coupling arrangements for parallel-con-
ductor line shown in Fig. 13-25 are not entirely 
satisfactory from a constructional standpoint. It 
is usually more convenient to build the coupling 
apparatus separate from the final amplifier, and 
this leads to greater operating flexibility as well. 
For lines operating at a low standing-wave ratio 
this is easily accomplished by connecting the am-
plifier and coupling circuits through a short length 
of transmission line or "link." When properly 
designed and adjusted, the tuning of both circuits 
will be completely independent of the length of 
the line connecting them. This method has the 
further advantage that, if the connecting line is 
coaxial cable, it offers an ideal spot for the inser-

tion of low-pass filters for pre-
venting harmonic interference to 
television and FM reception. 
The circuit for coax-link cou-

pling is given in Fig. 13-26. The 
constants of the tuned circuit 
C1 L3 are not particularly critical; 
the principal requirement is that 
the circuit must be capable of 
being tuned to the operating fre-
quency. Constants similar to 
those used in the plate tank cir-
cuit will be satisfactory. The con-
struction of L3 must be such that 
it can be tapped at least every 
turn. L2 must be tightly coupled 
to L3, and the inductance of L2 
should be approximately the 
value that gives a reactance 

equal to the Zo of the connecting line at the fre-
quency in use. An average reactance of about 60 
ohms will suffice for either 52- or 75-ohm coaxial line. 
The coupling circuit at the amplifier end is 

merely designed and adjusted for working into a 
flat coaxial line, as described in the transmitter 
chapter. Hence the adjustment of coupling at the 
output end (L2L3C1) is entirely independent of the 
adjustment at the input end (tank circuit and LI). 
When the system is properly designed and op-

erated, the circuit formed by L2L3C1 acts purely 
as a matching device to transform the input im-
pedance of the main transmission line to a value 
equal to the Zo of the coaxial link. 
The most satisfactory way to set up the system 

initially is to connect a coaxial s.w.r. bridge in 
the link as shown in Fig. 13-26. A simple resist, 
ance bridge such as is described in the chapter on 
measurements is perfectly adequate, requiring 
only that the transmitter output be reduced to a 
very low value so that the bridge will not be over-
loaded. Take a trial position of the line taps on 
L3, keeping them equidistant from the center of 
the coil, and adjust C1 for minimum s.w.r. as in-
dicated by the bridge. If the s.w.r. is not close to 
1 to 1, try new tap positions and adjust C1 again, 
continuing this procedure until the s.w.r. is prac-
tically 1 to 1. The setting of C1 and the tap posi-
tions may then be logged for future reference, 
since they will not change so long as the antenna 
system and frequency are not changed. At this 
point, check the link s.w.r. over the frequency 

TABLE 13-B 

Capacitance in add. Required for Coupling to 300. 
and 600-Ohm Flat Linee with Tuned Coupling 

Circuit 

Frequency Characteristic Impedance of Line 
Band 300 600 
lic. ohms ohms 
1.8 600 300 
3.5 300 150 
7 150 75 

14 75 40 
28 40 20 

Note: Inductance in circuit must be adjusted to 
resonate at operating frequency. 
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range normally used in that band, without chang-
ing the setting of C1. No readjustment will be re-
quired if the s.w.r. does not exceed 1.5 to 1 over 
the range, but if it goes higher it is advisable to 
note as many settings of C1 as may be necessary 
to keep the s.w.r. below 1.5 to 1 at any part of the 
band. Changes in the link s.w.r. are caused chiefly 
by changes in the s.w.r. on the main transmission 
line with frequency, and relatively little by the 
coupling circuit itself. A single setting of C1 at 
midfrequency will suffice if the antenna itself is 
broad-tuning. 

If it is impossible to get a 1-to-1 s.w.r. at any 
settings of the taps or CI, the s.w.r. on the main 
transmission line is high and the line length is 
probably unfavorable. Ordinarily there should be 
no difficulty if the transmission-line s.w.r. is not 
more than about 3 to 1, but if the line s.w.r. is 
higher it may not be possible to bring the link 
s.w.r. down except by using the methods for re-
actance compensation described in a subsequent 
section. 
The matching adjustment can be considerably 

facilitated by using a variable condenser in series 
with the matching-circuit coupling coil as shown 
in Fig. 13-27. The additional adjustment thus 
provided makes the tap settings on L3 much less 
critical since varying C2 has the effect of varying 
the coupling between the two circuits. For op-
timum control of coupling, L2 should be some-
what larger than when C2 is not used — perhaps 
twice the reactance recommended above — and 
the reactance of C2 at maximum capacitance 
should be the same as that of L2 at the operating 
frequency. L3 and C1 are the same as before. The 
method of adjustment is the same, except that 
for each trial tap position C1 and C2 are alter-
nately adjusted, a little at a time, until the s.w.r. 
is brought to its lowest possible value. In general, 
the adjustment sought should be the one that 
keeps C2 at the largest possible capacitance, since 
this broadens the frequency response. Also, the 
taps on L3 should be kept as far apart as possible, 
while still permitting a match, since this also 
broadens the frequency response of the circuit. 

Fig. 13-27 — Using a series condenser for control of 
coupling between the link and line circuits with the 
coax-coupled matching circuit. 

Once the matching circuit is properly adjusted, 
the s.w.r. bridge may be removed and full power 
applied to the transmitter. The input should be 
controlled by the coupling between L3 and the 
amplifier tank coil, never by making any changes 
in the settings of the matching circuit. If the 
amplifier will not load properly, tuned coupling 
should be used into the coax link. 

It is possible to use a circuit of this type with-
out initially setting it up with the s.w.r. bridge. 
In such a case it is a matter of cut-and-try until 

adequate power transfer between the amplifier 
and main transmission line is secured. However, 
this method frequently results in a high s.w.r. 
in the link, with consequent power loss, "hot 
spots" in the coaxial cable, and tuning that is 
critical with frequency. The bridge method is 
simple and gives the optimum operating condi-
tions quickly and with certainty. 

• "TUNED" LINES 
If the s.w.r. on a transmission line is high 

enough to cause the input impedance to change 
appreciably as the applied frequency is varied, 
the coupling between the transmitter and the line 
must be changed accordingly to keep the amplifier 
loading constant. So far as the cotipling apparatus 
is concerned, the principal difference between flat 
and tuned lines is that the system can be designed 
for relatively constant impedance for flat lines, 
but must be capable of coupling into a wide range 
of impedances if the line is "tuned." 
As mentioned earlier, a simple coil can be used 

for coupling to a line having a high standing-wave 
ratio providing the line length is adjusted so 
there is a current loop near the point where it 
connects to the pick-up coil. The coupling will be 
maximum, for a given degree of separation be-
tween the pick-up coil and the amplifier tank 
coil, if the line is pruned to a length such that the 
input impedance is just sufficiently capacitive to 
cancel the inductive reactance of the pick-up coil. 
This can be done by cut-and-try. The higher the 
s.w.r. on the line the easier it becomes to load the 
amplifier with loose coupling between the two 
coils. Whether or not good loading can be ob-
tained over a band of frequencies depends on the 
characteristics of the antenna system. The 
sharper the antenna and the higher the line s.w.r. 
the more difficult it becomes to operate over a band 
without progressively changing the line length. 

Series and Parallel Tuning 

Rather than adjusting the line length to fit a 
given coupling coil, it is more practical to adjust 
the coupling circuit to fit the conditions existing 
at the input end of the transmission line. 
A high standing-wave ratio occurs principally 

on parallel-conductor lines, either because no 
attempt has been made at matching the antenna 
and the line or because the system is used for 
multiband operation, which precludes such 
matching. In the latter case, cutting the line length 
to a multiple of a quarter wavelength will bring 
either a current or voltage loop near the input 
terminals of the transmission line (assuming that 
the antenna itself is resonant) depending on the 
termination and the line length. If there is a cur-
rent loop near the input end the impedance will 
be lower than the line Zo; if a voltage loop, the 
input impedance will be higher than the line Zo. 
In both cases the input impedances will be essen-
tially resistive. 
Under these conditions the circuit arrange-

ments shown in Fig. 13-28 will work satisfactorily. 
Series tuning is used when a current loop occurs 
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Fig. 13-28 — Series and parallel tuning. This method is useful with 
resonant lines when the length is such as to tiring either a current or 
voltage loop near the input end. Design data and methods of adjust-
ment are given in the text. 

at the input end of the line; parallel tuning when 
there is a voltage loop at the input end. In the 
series case, the circuit formed by LI, C1 and C2 
with the line terminals short-circuited should 
tune to the operating frequency. C1 and C2 should 
be maintained at equal capacitance. In the paral-
lel case, the circuit formed by L1 and C1 should 
tune to resonance with the line disconnected. 
The LIC ratio in either circuit depends on the 

transmission line Zo and the standing-wave ratio. 
With series tuning, a high L/C ratio must be 
used if the s.w.r. is relatively low and the line Zo 
is high. With parallel tuning, a low L/C ratio 
must be used if the s.w.r. is relatively low and the 
transmission-line Zo also is low. With either 
series or parallel tuning the L/C ratio becomes 
less critical when the s.w.r. is high. As a first ap-
proximation, coil and condenser values of the 
same order as those used in the plate tank circuit 
may be tried. 
To adjust the series-tuned circuit, first couple 

L1 loosely to the amplifier tank coil and then 
vary C1 and C2, keeping their capacitances equal, 
until the setting is found that makes the amplifier 
plate current kick upward. Keep adjusting the 
amplifier tank condenser, C, for minimum plate 
current while this is being done. When the proper 
settings are found, increase the coupling between 
the two coils until the amplifier draws normal 
plate current with C adjusted for minimum. It is 
unnecessary to readjust C1 and C2 when the 
coupling is increased. Keep the coupling between 
the coils at the smallest value that will load the 
amplifier properly. If full loading cannot be ob-
tained with the tightest possible coupling, use a 
coil of more inductance at Li. 
The same adjustment procedure is used with 

parallel tuning, except that there is only one 
condenser, C1. If full loading cannot be secured, 
reduce the inductance of L1 and increase C1 cor-
respondingly to maintain the same frequency, 
until the amplifier loads properly. 
The r.f. ammeters shown in Fig. 13-28 are not 

strictly necessary, but are useful for indicating 
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maximum output. They may be 
omitted if desired; in most cases the 
amplifier plate current is a good 
enough indication of output, provid-
ing the amplifier is operating at 
normal ratings and efficiency. 

In case full loading cannot be ob-
tained even when the L/C ratio is 
varied, the type of tuning in use 
probably is not suitable and should 
be changed; e.g., from series to 
parallel. If satisfactory loading still 
cannot be secured, the probability 
is that the s.w.r. is quite low and the 
coupling methods designed for flat 
lines, described earlier, should be 
used. 
Two condensers are used in the 

series-tuned circuit in order to keep 
the line balanced to ground. This is 
because two identical condensers, 
both connected with either their 

stators or rotors to the line, will have the same 
capacitance to ground. A single condenser would 
be perfectly usable so far as the operation of the 
coupling circuit is concerned, but will slightly un-
balance the circuit because the frame has more 
capacitance to ground than the stator. The un-
balance is not especially serious unless the con-
denser is mounted near a large mass of metal, 
such as a chassis or shield assembly. 
A balanced condenser is used in the parallel 

circuit, in preference to a single unit, for the same 
reason. An alternative scheme to maintain bal-
ance is to use two single-ended condensers in 
parallel, but with the frame of one connected to 
one side of the line and the frame of the other 
connected to the other side of the line. The same 
two condensers may be switched in series when 
series tuning is to be used. 

Link Coupling 

The circuits shown in Fig. 13-28 require a 
means for varying the coupling between two 
sizable coils, a thing that is somewhat incon-
venient constructionally. It is easier to use sepa-
rate fixed mountings for the final tank and an-
tenna coils and couple them by means of a link. 
As explained in the chapter on circuit fundamen-
tals, a short link is equivalent to providing mutual 
inductance between two tuned circuits. Typical 
arrangements for series and parallel tuning are 
shown in Fig. 13-29. Although these drawings 
show variable coupling at both ends of the link, 
a fixed link coil can be used at either end so long 
as variable coupling is available at the other. 
There is no essential difference between the 

tuning procedures with these circuits and those 
of Fig. 13-28. The only change is that the cou-
pling is adjusted by means of a link instead of by 
varying the spacing between L and Li. 

In cases where the link will be more than a 
few inches long, or when coaxial cable is to be 
used for the link, it is much better to consider 
the link as a transmission line that should be 
properly matched. The circuit of Fig. 13-26 is 
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recommended in that case, except that either 
a series- or parallel-tuned circuit is substi-
tuted for C1L3 in that figure. The same con-
siderations apply with respect to the sizes 
of the link coils, and the best adjustment 
procedure is that using an s.w.r. bridge. 

Lines of Random Length 

Series or parallel tuning will always work 
satisfactorily with lines having a high stand-
ing-wave ratio so long as the electrical 
length of the line is approximately a multiple 
of a quarter wavelength. However, it is not 
always possible to couple satisfactorily when 
intermediate line lengths are used. This is 
because at some lengths the input imped-
ance of the line has a considerable reactive 
component, and because the resistive com-
ponent is too large to be connected in series 
with a tuned circuit and too low to be con-
nected in parallel. 
The coupling system shown in Fig. 13-26 is 

capable of handling the resistive component of 
the input impedance of the transmission lines 
used in most amateur installations, regardless of 
the standing-wave ratio on the line. Conse-
quently, it can generally be used wherever either 
series or parallel tuning would normally be called 
for, simply by setting the taps properly on the 
coil. (A possible exception is where the s.w.r. is 
considerably higher than 10 to 1 and the line 
length is such as to bring a current loop at the 
input end. In such a case the resistance may be 
only a few ohms, which is difficult to match by 
means of taps on a coil.) 

Within limits, the same circuit is capable of 
being adjusted to compensate for the reactive 
component of the input impedance; this merely 
means that a 1-to-1 s.w.r. in the link will be ob-
tained at a different setting of CI (Fig. 13-26) 
than would be the ease if the line "looked like" 
a pure resistance. Sometimes, however, C1 does 
not have enough range available to give complete 
compensation, particularly when (as is the case 
with some line lengths when the s.w.r. is high) 
the input impedance is principally reactive. 
Under such conditions it is necessary, if the 

line length cannot be changed to a more satisfac-
tory value, to provide additional means for com-
pensating for or " canceling out" the reactive 
component of the input impedance. As described 

Line 

Line 

= 

Fig. 13-30 — Reactance cancellation on random-length 
lines having a high standing-wave ratio. 
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Fig. 13-29 — Link-coupled series and parallel tuning. 

earlier in this chapter (Fig. 13-6) the input im-
pedance can be considered to be equivalent to a 
circuit consisting either of resistance and induct-
ance or resistance and capacitance. It is generally 
more convenient to consider these elements as a 
parallel combination, so if the line "looks like" 
UR' at A in Fig. 13-6, it is apparent that if we 
connect a capacitance of the right value across 
L' the circuit will become resonant and will ap-
pear to be a pure resistance of the value R'. 

Similarly, connecting an inductance of the right 
value across C' in Fig. 13-6B will resonate the 
circuit and the impedance will be equal to R'. 
The resistive impedance that remains can easily 
be matched to the coax link by means of the 
circuit of Fig. 13-26. 
The practical application of this principle is 

shown in Fig. 13-30, where L and C are the react-
ances required to cancel out the line reactance, 
L for cases where the line is capacitive, C for lines - 
having inductive reactance. The amount of either 
inductance or capacitance required is easily de-
termined by trial. Using the s.w.r. bridge in the 
coax link, first disconnect the main transmission 
line and connect a noninductive resistor to the 
line terminals. A AI- or 1-watt carbon resistor of 
about the same resistance as the line Zo will do. 
Adjust the coil taps and CI for a 1-to-1 standing-
wave ratio in the link, as described earlier. This 
determines the proper setting of C1 for a purely 
resistive load. Then take off the resistor and con-
nect the line, again adjusting the taps and C1 for 
minimum s.w.r. If a 1-to-1 ratio can be obtained 
further compensation is not needed, but if not, 
make the s.w.r. as low as possible and compare the 
new setting of C1 with the original setting. If the 
capacitance has increased, the line reactance is 
inductive and a condenser must be connected at 
C in Fig. 13-30. The amount of capacitance needed 
to bring the proper setting of C1 near the original 
setting can be determined by trial. On the other 
hand, if the capacitance of C1 is less than the 
original, an inductance must be connected at L. 
Trial values will show when the proper tuning 
conditions have been reached. It is not necessary 
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that CI be at exactly the original setting after the 
compensating reactance has been adjusted; it is 
sufficient that it be somewhere in the same 
vicinity. 

Using this procedure practically any length of 
line can be coupled properly to the transmitter, 
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even when the line s.w.r. is quite high. Unfortu-
nately, no specific values can be suggested for 
L and C, since they vary widely with line length 
and s.w.r. Their values usually are comparable 
with the values used in the regular coupling cir-
cuits at the same frequency. 

Coupler or Matching-Circuit Construction 

The design of matching or "antenna coupler" 
circuits has been covered in the preceding section, 
and the adjustment procedure also has been out-
lined. Since circuits of this type are most fre-
quently used for transferring power from the 
transmitter to a parallel-conductor transmission 
line, a principal point requiring attention is that 
of maintaining good balance to ground. If the 
coupler circuit is appreciably unbalanced the 
currents in the two wires of the transmission line 
will also be unbalanced, resulting in radiation 
from the line. 

In most cases the matching circuit will be 
built on a metal chassis, following common 
practice in the construction of transmitting units. 
The chassis, because of its relatively large area, 
will tend to establish a "ground" — even though 
not actually grounded — particularly if it is 
assembled with other units of the transmitter in a 
rack or cabinet. The components used in the 
coupler, therefore, should be placed so that they 
are electrically symmetrical with respect to the 
chassis and to each other. 

In general, the construction of a coupler circuit 
should physically resemble the tank layouts used 
with push-pull amplifiers. In parallel-tuned cir-
cuits a split-stator condenser should be used. The 
condenser frame should be insulated from the 
chassis because, depending on line length and 
other factors, harmonic reduction and line bal-
ance may be improved in some cases by ground-
ing and in others by not grounding. It is therefore 
advisable to adopt construction that permits 
either. Provision also should be made for ground-
ing the center of the coil, for the same reason. The 
coil in a parallel-tuned circuit should be mounted 
so that its hot ends are symmetrically placed with 
respect to the chassis and other components. 
This equalizes stray capacitances and helps main-
tain good balance. 
When the coupler is of the type that can be 

shifted to series or parallel tuning as required, 
two separate single-ended condensers will be 
satisfactory. As described earlier, they should be 
connected so that both frames go to the same 
side of the circuit — i.e., either to the coil or to 
the line — for series tuning, and when used in 
parallel for parallel tuning should be connected 
frame-to-stator. 
A coupler designed and adjusted so that the 

connecting link acts as a matched transmission 
line may be placed in any convenient location. 
Some amateurs prefer to install the coupler at the 
point where the main transmission line enters the 
station. This helps maintain a neat station lay-

out when an air-insulated parallel-conductor 
transmission line is used. With solid-dielectric 
lines, which lend themselves well to neat installa-
tion indoors, it is probably more desirable to install 
the coupler where it can be reached easily for 
adjustment and band-changing. The use of coax-
ial line between the transmitter and coupler is 
strongly recommended if the link line is more 
than a few inches long, for the reasons outlined in 
the preceding section. 

• COAX-COUPLED MATCHING CIRCUIT 
The matching unit shown in Fig. 13-31 is con-

structed according to the design principles out-
lined earlier in this chapter. It uses a parallel-
tuned circuit with taps for matching a parallel-
conductor line through a link coil to a coaxial 
line to the transmitter. It will handle about 500 

Fig. 13-31 — A coax-coupled matching circuit of simple 
construction. The entire circuit is mounted on a 3 by 4 
by 5 box. CI is inside; C2 and the plug-in coil assembly 
are mounted on top. 
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watts of r.f. power and will work, without modi-
fication, into lines having an s.w.r. below 3 or 4 
to 1. If the s.w.r. is high, it may be necessary to 
compensate for the reactive part of the input 
impedance of the line, at certain line lengths, by 
using an additional coil or condenser as discussed 
earlier. The necessity for such comiiensation can 
be avoided, on lines having a high s.w.r., by 
making the electrical length of the lbw a multiple 
of a quarter wavelength. 

As shown by the circuit diagram, Fig. 13-32, 
the link circuit is adjusted by means of a variable 
condenser, CI, to facilitate matching the main 
transmission line to the coax link. The coils are 
constructed from commercially-available coil ma-
terial, and the link inductances are chosen to 
provide adequate coupling for flat lines. The link 
coil, of smaller diameter than the tank coil, is 
mounted inside the latter at the center. Duco 
cement is used to hold the coils together at their 
bottom tie strips. The coils are mounted on Millen 
type 40305 plugs and require no other support 
than the stiffness of the short lengths of wire 
going into the end prongs of the plug from the 
tank coil. Short lengths of spaghetti tubing are 
slipped over the leads to the link coil where they 
go between the tank coil turns to reach the plug. 
Taps on the tank coil for connection to a paral-

lel-conductor transmission line are made I v bend-
ing ordinary soldering lugs around the wire and 
soldering them in place. The clips are Johnson 
type 235-860, adjusted so that they fit snugly 
over the taps when pushed on sidewise. l'sed this 
way, the clips provide an easy and rapid method 
of connecting and disconnecting the line. The 
proper positions for the taps may be determined 
by first using the clips in the normal fashion. 
The maximum length of coil that can be 

mounted satisfactorily on the plugs is about 
inches, and a coil of this size cannot be tuned to 
the 3.5-Mc, band with the 100-gmfd.-per-section 
split-stator condenser used in this unit. To cover 
the 3.5-Mc, band it is necessary to shunt the coil 
with an additional capacitance of about 75 , dd. 
The matching circuit should be adjusted with 

the aid of an s.w.r. bridge, as described earlier in 
this chapter. In general, the tuning will be less 

Coax.Link 

Parallel— 
±CLoinnde. 

Fig. 13.32 — Circuit diagram of the coax-coupled 
matching circuit. 

— 300-ppfd. % arialile, approximately 0.024" spacing. 
(:2 — 100 ppfd. per section, 1500 volts (National 

-1001)). 
.11 — Chassis-type coax connector. 

Coil Data 

Band Li, turns L2, turns 

3.5 Mc. 24 ( 17 ph.) 10 (5 ph.) 
7 Mc. 18 ( 12 ph.) 6 (2.5 ph.) 

11 Me. 10 (5 ph.) 3 (1 ph.) 
21-28 Mc. 6 (2.5 µh.) 

* Add 75 M. in parallel with C2. 

— No. 12 tinned wire, 2 inches dia., 6 turns per 
inch (118; W 3905-1). 

L2 — No. 16 wire, 2 inches dia., 10 turns per inch 
(11 & W 3907 or 3907-1)• 

critical, and the circuit will work over a wider 
frequency range without readjustment, if the taps 
are kept as far toward the ends of the coil as possi-
ble and C1 is set at the largest capacitance that 
will permit bringing the s.w.r. in the coax link 
down to 1 to I. 

o A "UNIVERSAL" 
MATCHING CIRCUIT 

The matching circuit shown in Fig. 13-33 of-
fers considerable flexibility in that it can be used 
as a tapped-coil matching network of the same 
type as that just described, and also can be used 
as either a series- or parallel-tuned "antenna 
coupler." It can also be adapted to other types of 
coupling by simple changes in the plug-connec-
tion arrangement of the coils. 
Two condensers are used in the tank circuit. 

Their rotors are insulated from each other but are 
turned simultaneously by a right-angle drive 
unit. When used either for parallel tuning or the 
tapped-coil method of matching, the rotors are 
connected together to form a split-stator con-
denser having a maximum capacitance of 150 

Fig. 13.33 — A coupler or 
matching network that can 
also be used for series or paral-
lel tuning of tuned lines. 
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Coax Link 
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C Parallel-
Cond. 

D Line 

C3 

big. 13-34 — Circuit diagram of the "univ ersal" coax-
coupled matching network. For use as a tapped match-
ing circuit, connect the line to taps on Li, as at ..1-11, and 
connect the juniper, N. to A-8; the jumper is also used 
for parallel tuning but with the line connected to B.F. 
For series tuning, remove the jumper and connect the 
line to C-D. The ground connection to the middle prong 
of the coil socket is provided for cases where it is de-
sirable to ground the center of Li. 

CI — 300-4.Lpfd. variable, approximately 0.024" spacing. 
C2, Cg — 300-ppfd. variable, 1000 volts (National TMS-

300). 
ii — Chassis-type coax connector. 

Coil Data 

Band Li, turns Ls, turns 

3.5-7 Mc. 20 (14 ph.) 10 (5 ph.) 
7 - 14 Mc. 10 (5 ph.) 6 (2.5 ph.) 

14 28 Mc. 4 (1.5 ph.) 2 

1.1 — No. 12 tinned wire, 2V2 inches dia., 6 turns per 
inch (B & W 3905-1). 

1.2 — No. 16 wire, 2 inches dia., 10 turns per inch 
(B & W 3907 or 3907-1). 

gpfd. When used for series tuning the condense/ 
frames connect to the parallel-conductor trans-
mission line, the jumper that connects the rotora 
together being removed. 
The unit is built on a 7 by 9 by 2 aluminum 

chassis and has a 7 by 10 panel. The tank condens-
ers are mounted on small aluminum plates 

supported on 3%-inch stand-off insulators, to in-
sulate the frames from the chassis; this method 
is preferable to mounting the condensers directly 
on the insulators as it lessens the mechanical strain 
on the latter The soldering lugs projecting from 
the condensers provide means for connecting the 
line clips for series and parallel tuning. The jump-
er for connecting the rotors together is in the 
foreground; it uses banana plugs that fit into 
jacks mounted on the condenser mounting plates. 
The link condenser is located underneath the 
chassis. 
The coils shown are designed primarily for use 

in the tapped matching circuit or for parallel 
tuning, but will also be satisfactory for series 
tuning if the transmission line length is such as 
to bring a current loop near the input end. Coil 
taps are made in the same way as in the coupler 
previously described. Soldering lugs are also used 
as taps on Cg and Cg to make the necessary con-
nections for series or parallel tuning. Because of 
the fairly large value of maximum capacitance 
available when the tank condensers, Cg and C3, 
are used together as a split-stator condenser, it 
is possible to cover a 2-to-1 frequency range. 
Consequently, only three coil assemblies are 
needed to cover the 3.5- to 30-Mc. range, and 
each one can be used for two (in the case of the 
smallest ( oil, three) adjacent amateur bands. 
As a tapped matching circuit, adjustment is 

the same as for the unit just described. When us-
ing either series or parallel tuning, the s.w.r. 
bridge should be used as before, adjusting C1 and 
C1).-Ca for minimum s.w.r. in the coax link. 
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Antennas 
An antenna system can be considered to in-

clude the antenna proper (the portion that 
radiates the r.f. energy), the feedline, and any 
coupling devices used for transferring power 
from the transmitter to the line and from the 
line to the antenna. Some simple systems may 
omit the transmission line or one or both of 
the coupling devices. This chapter will describe 
the antenna proper, and in many cases will 
show popular types of lines, as well as line-to-
antenna couplings where they are required. 
However, it should be kept in mind that any 
antenna proper can be used with any type of 
feedline if a suitable coupling is used between 
the antenna and the line. Changing the line 
does not change the type of antenna. 

Selecting an Antenna 

In selecting the type of antenna to use, the 
majority of amateurs are somewhat limited 
through space and structural limitations to 
simple antenna systems, except for v.h.f. op-
eration where the small space requirements 
make the use of multielement beams readily 
possible. This chapter will consider antennas 
for frequencies as high as 30 Mc. — a later 
chapter will describe the popular types of 
v.h.f. antennas. However, even though the 
available space may be limited, it is well to 
consider the propagation characteristics of the 
frequency band or bands to be used, to insure 
that best possible use is made of the available 
facilities. The propagation characteristics of 
the various bands, up to 30 Mc., are described 
in Chapter Four. In general, antenna construc-
tion and location become more critical and im-
portant on the higher frequencies. On the 
lower frequencies (3.5 and 7 Mc.) the vertical 
angle of radiation and the plane of polariza-
tion may be of relatively little importance; at 
28 Mc. they may be all-important. On a given 
frequency, the particular type of antenna best 
suited for long-distance communication may 
not be as good for shorter-range work as would 
a different type. 

Definitions 

The important properties of an antenna 
proper are its polarization, vertical and hori-
zontal angles of maximum radiation, im-
pedance, gain and bandwidth. 
The polarization of a straight-wire antenna 

is determined by its position with respect to 
the earth. Thus a vertical antenna radiates 
vertically-polarized waves, while a horizontal 

antenna radiates horizontally-polarized waves 
in a direction broadside to the wire and 
vertically-polarized waves at high vertical 
angles off the ends of the wire. The wave from 
an antenna in a slanting position, or from the 
horizontal antenna in directions other than 
mentioned above, contains both horizontal 
and vertical components. 
The vertical angle of maximum radiation 

of an antenna is determined by the free-space 
pattern of the antenna, its height above 
ground, and the nature of the ground. The 
angle is measured in a vertical plane with re-
spect to a tangent to the earth at that point, 
and it will usually vary with the horizontal 
angle, except in the case of a simple vertical 
antenna. The horizontal angle of maximum 
radiation of an antenna is determined by the 
free-space pattern of the antenna. 
The impedance of the antenna at any point 

is the ratio of the voltage to the current at that 
point. It is important in connection with feed-
ing power to the antenna, since it constitutes 
the load to the line offered by the antenna. It 
can be either resistive or complex, depending 
upon whether or not the antenna is resonant. 
The field strength produced by an antenna is 

proportional to the current flowing in it. When 
there are standing waves on an antenna, the 
parts of the wire carrying the higher current 
have the greater radiating effect. All resonant 
antennas have standing waves — only ter-
minated types, like the terminated rhombic 
and terminated " V," have substantially uni-
form current along their lengths. 
The ratio of power required to produce a 

given field strength, with a "comparison" an-
tenna, to the power required to produce the 
same field strength with a specified type of an-
tenna is called the power gain of the latter 
antenna. The field is measured in the optimum 
direction of the antenna under test. In amateur 
work, the comparison antenna is generally a 
half-wave antenna at the same height and 
having the same polarization as the antenna 
under consideration. Power gain usually is ex-
pressed in decibels. 

In unidirectional beams (antenna systems 
with maximum radiation in only one direc-
tion) the front-to-back ratio is the ratio of 
power radiated in the maximum direction to 
power radiated in the opposite direction. It is 
also a measure of the reduction in received sig-
nal when the beam direction is changed from 
that for maximum response to the opposite 
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direction. Front-to-back ratio is usually ex-
pressed in decibels. 
The bandwidth of an antenna generally 

refers to the frequency range over which the 

gain and impedance are substantially con-
stant. It is of importance primarily in connec-
tion with multielement beams fed by a " flat" 
transmission line. 

Ground Effects 
The radiation pattern of any antenna that 

is many wavelengths distant from the ground 
and all other objects is called the free-space 
pattern of that antenna. The free-space pat-
tern of an antenna is almost impossible to ob-
tain in practice, except in the v.h.f. and u.h.f. 
ranges. Below 30 Mc., the location of the an-
tenna with respect to ground plays an impor-
tant part in determining the actual radiation 
pattern of the antenna. 
When any antenna is near the ground the 

free-space pattern is modified by reflection of 
radiated waves from the ground, so that the 
actual pattern is the resultant of the free-space 
pattern and ground reflections. This resultant 
is dependent upon the height of the antenna, 
its position or orientation with respect to the 
surface of the ground, and the electrical 
characteristics of the ground. The effect of a 
perfectly-reflecting ground is such that the 
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Fig. 14-1— Effect of ground on radiation of horizontal 
antennas at vertical angles for four antenna heights. 
This chart is based on perfectly-conducting ground. 

original free-space field strength may be 
multiplied by a factor which has a maximum 
value of 2, for complete reinforcement, and 
having all intermediate values to zero, for 
complete cancellation. These reflections only 
affect the radiation pattern in the vertical 
plane — that is, in directions upward from the 
earth's surface — and not in the horizontal 
plane, or the usual geographical directions. 

Fig. 14-1 shows how the multiplying factor 
varies with the vertical angle for several 
representative heights for horizontal antennas, 
As the height is increased the angle at which 
complete reinforcement takes place is lowered, 
until for a height equal to one wavelength it 
occurs at a vertical angle of 15 degrees. At still 

greater heights, not shown on the chart, the 
first maximum will occur at still smaller angles. 

Radiation Angle 

The vertical angle of maximum radiation, is 
of primary importance, especially at the higher 
frequencies. It is advantageous, therefore, to 
erect the antenna at a height that will take 
advantage of ground reflection in such a way as 
to reinforce the space radiation at the most de-
sirable angle. Since low angles usually are most 
effective, this generally means that the antenna 
should be high — at least one-half wavelength 
at 14 Mc., and preferably three-quarters or 
one wavelength, and at least one wavelength, 
and preferably higher, at 28 Mc. The physical 
height required for a given height in wave-
lengths decreases as the frequency is increased, 
so that good heights are not impracticable; a 
half-wavelength at 14 Mc. is only 35 feet, ap-
proximately, while the same height represents 
a full wavelength at 28 Mc. At 7 Mc. and lower 
frequencies the higher radiation angles are 
effective, so that again a useful antenna height 
is not difficult of attainment. Heights between 
35 and 70 feet are suitable for all bands, the 
higher figures being preferable. 

Imperfect Ground 

Fig. 14-1 is based on ground having perfect 
conductivity, whereas the actual earth is not 
a perfect conductor. The principal effect of 
actual ground is to make the curves inaccurate 
at the lowest angles; appreciable high-fre-
quency radiation at angles smaller than a few 
degrees is practically impossible to obtain 
over horizontal ground. Above 15 degrees, 
however, the curves are accurate enough for 
all practical purposes, and may be taken as 
indicative of the result to be expected at angles 
between 5 and 15 degrees. 
The effective ground plane — that is, the 

plane from which ground reflections can be 
considered to take place — seldom is the actual 
surface of the ground but is a few feet below 
it, depending upon the character of the soil. 

Impedance 

Waves that are reflected directly upward 
from the ground induce a current in the an-
tenna in passing, and, depending on the an-
tenna height, the phase relationship of this 
induced current to the original current may be 
such as either to increase or decrease the total 
current in the antenna. For the same power 
input to the antenna, an increase in current is 
equivalent to a decrease in impedance, and 
vice versa. Hence, the impedance of the an-
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tenna varies with height. The theoretical curve 
of variation of radiation resistance for an an-
tenna above perfectly-reflecting ground is 
shown in Fig. 14-2. The impedance approaches 
the free-space value as the height becomes 
large, but at low heights may differ consider-
ably from it. 

Choice of Polarization 

Polarization of the transmitting antenna is 
generally unimportant on frequencies between 
3.5 and 30 Mc. However, the question of 
whether the antenna should be installed in a 
horizontal or vertical position deserves con-
sideration for other reasons. A vertical half-
wave or quarter-wave antenna will radiate 
equally well in all horizontal directions, so that 
it is substantially nondirectional, in the usual 
sense of the word. If installed horizontally, 
however, the antenna will tend to show direc-
tional effects, and will radiate best in the direc-
tion at right angles, or broadside, to the wire. 
The radiation in such a case will be least in the 
direction toward which the wire points. 
The vertical angle of radiation also will he 
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big. 14-2 —  Theoretical curve of variation of radiation 
resistance for a half-wave horizontal antenna, as a 
function of height in wavelength above perfectly-re-
flecting ground. 

affected by the position of the antenna. If it 
were not for ground losses at high frequencies, 
the vertical half-wave antenna would be pre-
ferred because it would concentrate the radia-
tion horizontally. 

The Half-Wave Antenna 

The fundamental form of antenna is a single 
wire whose length is approximately equal to 
half the transmitting wavelength. It is the 
unit from which many more-complex forms of 
antennas are constructed. It is variously 
known as a half-wave dipole, half-wave dou-
blet, or Hertz antenna. 
The length of a half-wavelength in space is: 

492  
Length (feet) 

Freq. (Mc.) 

actual length of a half-wave antenna 
will not be exactly equal to the half-wave 
in space, but depends upon the thickness of the 
conductor in relation to the wavelength as 
shown in Fig. 14-3, where K is a factor that 
must be multiplied by the half-wavelength in 
free space to obtain the resonant antenna 
length. An additional shortening effect occurs 
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with wire antennas supported by insulators at 
the ends because of the capacitance added to 
the system by the insulators (end effect). 
The following formula is sufficiently accurate 
for wire antennas at frequencies up to 30 Mc.: 

Length of half-wave antenna (feet) = 

492 X 0.95 468  
(14-B) 

Freq. ( Me.) Freq. ( Mc.) 

Example: A half-wave antenna for 7150 kc. 
465 

(7.li5 Mc.) is — = 65.45 feet, or 65 feet 5 
7.15 

inches. 

Above 30 Mc. the following formulas should 
be used, particularly for antennas constructed 
from rod or tubing. K is taken from Fig. 14-3. 

Length of half-wave antenna (feet) -= 

492 X K  
(14-C) 

Freq. (Mc.) 

5905 X K  
or length (inches) — (14-D) 

Freq. (Mc.) 

Example: Find the length of a half-wavelength 
antenna at 29 Me., if the antenna is made of 2-
Moll diameter tubing. At 29 Mc., a half-wave-

length in space is = 16.97 feet, from Eq. 
29 

14-A. Ratio of half-wavelength to conductor 

diameter (changing wavelength to inches) is 

16.97 X 12 
- 101.8. From Fig. 14-3, K = 0.963 

2 
for this ratio. The length of the antenna, from 

492 X 0.963 
Eq. 14-C, is 16.34 feet, or 16 feet 

29 
4 inches. The answer is obtained directly in 

inches by substitution in Eq. 14 D:5905 X 0.963 
29 

= 196 inches. 
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Fig. 14-4 — The above scales, based on Eq. 14-8, can be 
used to determine the length of a half-wave antenna of wire. 

Current and Voltage Distribution 

When power is fed to a half-wave antenna, the 
current and voltage vary along its length. The 
current is maximum at the center and nearly 
zero at the ends, while the opposite is true of 
the r.f. voltage. The current does not actually 
reach zero at the current nodes, because of the 
end effect; similarly, the voltage is not zero at 
its node because of the resistance of the an-
tenna, which consists of both the r.f. resistance 

Fig. 14-5— The free-space radiation pattern of a half-
wave antenna. The antenna is shown in the vertical 
position. This is a cross-section of the solid pattern de-
scribed by the figure when rotated on its vertical axis. 
The "doughnut" form of the solid pattern can be more 
easily visualized by imagining the drawing glued to a 
piece of cardboard, with a short length of wire fastened 
on it torepresent the antenna. Twirling the wire will give 
a visual representation of the solid radiation pattern. 

of the wire (ohmic resistance) and the radiation 
resistance. The radiation resistance is an 
equivalent resistance, a convenient conception 
to indicate the radiation properties of an an-
tenna. The radiation resistance is the equiva-
lent resistance that would dissipate the power 
the antenna radiates, with a current flowing in 
it equal to the antenna current at a current 
loop (maximum). The ohmic resistance of a 
half-wavelength antenna is ordinarily small 
enough, in comparison with the radiation re-

• ,„ ewe //,/ 

Fig. 14-6— Illustrating the 
importance of vertical angle of 
radiation in determining an-
tenna directional effects. Off 
the end, the radiation is greater 
at higher angles. Ground re-
flection is neglected in this 
drawing of the free-space pat-
tern of a horizontal antenna. 

sistance, to be neglected for all practical pur-
poses. 

Impedance 

The radiation resistance of an infinitely-
thin half-wave antenna in free space — that 
is, sufficiently removed from surrounding ob-
jects so that they do not affect the antenna's 
characteristics — is 73 ohms, approximately. 
The value under practical conditions is com-
monly taken to be in the neighborhood of 70 
ohms. It is pure resistance, and is measured 
at the center of the antenna. The impedance 
is minimum at the center, where it is equal 
to the radiation resistance, and increases 
toward the ends. The actual value at the 
ends will depend on a number of factors, 
such as the height, the physical construc-
tion, the insulators at the ends, and the posi-
tion with respect to ground. 

Conductor Size 

The impedance of the antenna also depends 
upon the diameter of the conductor in relation 
to the wavelength, as shown in Fig. 14-3. If 
the diameter of the conductor is made large, 
the capacitance per unit length increases and 
the inductance per unit length decreases. 
Since the radiation resistance is affected rela-
' tively little, the decreased L/C ratio causes 
the Q of the antenna to decrease, so that the 
resonance curve becomes less sharp. Hence, the 
antenna is capable of working over a wide 
frequency range. This effect is greater as the 
diameter is increased, and is a property of some 
importance at the very-high frequencies where 
the wavelength is small. 

Fig. 14-7 — Horizontal pattern of a horizontal half-
ave antenna at three vertical radiation angles. The 

solid line is relative radiation at 15 degrees. Dotted lines 
show deviation from the 15-degree pattern for angles of 
9 and 30 degrees. The patterns are useful for shape only, 
since the amplitude will depend upon the height of the 
antenna above ground and the vertical angle considered. 
The patterns for all three angles have been proportioned 
to the same scale, but this does not mean that the maxi-
mum amplitudes necessarily will be the same. The arrow 
iudicates the direction of the horizontal antenna wire. 
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Radiation Characteristics 

The radiation from a half-wave antenna is 
not uniform in all directions but varies with 
the angle with respect to the axis of the wire. 
It is most intense in directions perpendicular 
to the wire and zero along the direction of the 
wire, with intermediate values at intermediate 
angles. This is shown by the sketch of Fig. 
14-5, which represents the radiation pattern 
in free space. The relative intensity of radi-
ation is proportional to the length of a line 
drawn from the center of the figure to the 
perimeter. If the antenna is vertical, as 
shown in the figure, then the field strength will 
be uniform in all horizontal directions; if the 
antenna is horizontal, the relative field strength 
will depend upon the direction of the receiving 
point with respect to the direction of the an-
tenna wire. The variation in radiation at vari-
ous vertical angles from a half-wavelength 
horizontal antenna is indicated in Figs. 14-6 
and 14-7. 

• FEEDING THE HALF-WAVE 

ANTENNA 

Direct Feed 

If possible, it is advisable to locate the an-
tenna at least a half-wavelength from the 
transmitter and use a transmission line to 
carry the power from the transmitter to the 
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Fig. 14-8— Methods 
of directly exciting the 
half-,. ave antenna. A, 
current feed, series tun-
ing; If. voltage feed, 
capacitis e coupling; C, 
oltage feed, with in-

ductivelv-coupled an-
tenna tank. In A, the 
colliding circuit is not 
included in the effectif e 
electrical length of the 
antennasystem proper. 

antenna. However, in many cases this is im-
possible, particularly on the lower frequencies, 
and direct feed must be used. Three examples 
of direct feed are shown in Fig. 14-8. In the 
method shown at A, C1 and C2 should be about 
150 pad. each for the 3.5- Mc. band, 75 ilufd. 
each at 7 Mc., and proportionately smaller 
at the higher frequencies. The antenna coil 
connected between them should resonate to 
3.5 Mc. with about 60 or 70 udd., for the 80-
meter band, for 40 meters it should resonate 
with 30 or 35 pmfd., and so on. The circuit is 
adjusted by using loose coupling between the 
antenna coil and the transmitter tank coil and 
adjusting C1 and C2 until resonance is indi-
cated by an increase in plate current. The 
coupling between the coils should then be in-
creased until proper plate current is drawn. It 
may be necessary to reresonate the transmitter 
tank circuit as the coupling is increased, but 
the change should be small. 

The circuits in Fig. 14-8B and C are used 
when only one end of the antenna is accessible. 
In B, the coupling is adjusted by moving the 
tap toward the " hot" or plate end of the tank 
coil — the condenser C may be of any con-
venient value that will stand the voltage, and 
it doesn't have to be variable. In the circuit 
at C, the antenna tuned circuit (CI and the 
antenna coil) should be similar to the trans-
mitter tank circuit. The antenna tuned cir-
cuit is adjusted to resonance with the antenna 
connected but with loose coupling to the 
transmitter. Heavier loading of the tube is 
then obtained by tightening the coupling be-
tween the antenna coil and the transmitter 
tank coil. 

Of the three systems, that at A is preferable 
because it is a symmetrical system and gener-
ally results in less r.f. power " floating" around 
the shack. The system of B is undesirable be-
cause it provides practically no protection 
against the radiation of harmonics, and it 
should only be used in emergencies. 

Transmission-Line Feed for 

Half- Wave Antennas 

Since the impedance at the center of a half-
wavelength antenna is in the vicinity of 75 
ohms, it offers a good match for 75-ohm two-
wire transmission lines. Several types are 
available on the market, with different power-
handling capabilities. They can be connected in 
the center of the antenna, across a small strain 
insulator to provide a convenient connection 
point. Coaxial line of 75 ohms impedance can 
also be used, but it is heavier and thus not as 
convenient. In either case, the transmission 
line should be run away at right angles to the 
antenna for at least one-quarter wavelength, if 
possible, to avoid current unbalance in the 
line caused by pick-up from the antenna. The 
antenna length is calculated from Equation 
14-B, for a half-wavelength antenna. When 
No. 12 or No. 14 enameled wire is used for the 
antenna, as is generally the case, the length of 
the wire is the over-all length measured from 
the loop through the insulator at each end. 
This is illustrated in Fig. 14-9. 
The use of 75-ohm line results in a "flat" 

line over most of any amateur band. However, 
by making the half-wave antenna in a special 
manner, called the two-wire or folded dipole, 
a good match is offered for a 300-ohm line. 
Such an antenna is shown in Fig. 14-10. The 
open-wire line shown in Fig. 14-10 is made of 

1.--Half wavelength 

€l1 / Solder joint'''. 

Ile 12 or 
No 14 wire 

horn formula 

Solder joint 

75-ohm Twin-Lead 
or coaxial line 
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Half wavelength from formula 

Lightweight spacers 
tied in place with 
No 18 wire 

Solder joint 

300-ohm 
Twin-Lead 

Fig. 14.10 — The construe ion of an open-wire folded 
doublet fed with 300-ohm li te. The length of the an-
tenna is calculated from Equation 1444 or Fig. 14-4. 

No. 12 or No. 14 enameled wire, separated by 
lightweight spacers of Lucite or other material 
(it doesn't have to be a low-loss insulating 
material), and the spacing can be on the order 
of from 4 to 8 inches, depending upon what is 
convenient and what the operating frequency 
is. At 14 Mc., 4-inch separation is satisfactory, 
and 8-inch or even greater spacing can be used 
at 3.5 Mc. 
The half-wavelength antenna can also be 

made from the proper length of 300-ohm line, 
opened on one side in the center and connected 
to the feedline. After the wires have been 
soldered together, the joint can be strength-
ened by molding some of the excess insulating 
material (polyethylene) around the joint with 
a hot iron, or a suitable lightweight clamp of 
two pieces of Lucite can be devised. 

 Half waselength tan formula  

ugh weight 
spacers 

Solder joint 
Wood or 

metal spacer 

600-ohm 
open-wire line 

Fig. 14-11— The construction of a 3-wire folded dipole 
is similar to that of the 2-w're folded dipole. The end 
spacers may have to be slightly stronger than the others 
because of the greater compression force on them. The 
length of the antenna is obtained from Equation 14-B 
or Fig. 14-4. A suitable line can he made from No. 14 
wire spaced 4,14 to 5 inches, or from No. 12 wire spaced 
6 inches. 

Similar in some respects to the two-wire 
folded dipole, the three-wire folded dipole of 
Fig. 14-11 offers a good match for a 600-ohm 
line. It is favored by amateurs who prefer to 
use an open-wire transmission line instead of 
the 300-ohm insulated line. The three wires of 
the antenna proper should all be of the sanie 
diameter. 

Another method for offering a match to a 
600-ohm open-wire line with a half-wavelength 
antenna is shown in Fig. 14-12. The system is 
called a delta match. The line is "fanned" 
as it approaches the antenna, to have a gradu-
ally-increasing impedance that equals the an-
tenna impedance at the point of connection. 
The dimensions are fairly critical, but careful 
measurement before installing the antenna and 
matching section is generally all that is neces-

sary. The length of the antenna, L, is calcu-
lated from Equation 14-B or Fig. 14-4. The 
length of section C is computed from: 

C (feet) — 118  (14-E) 
Freq. ( Me.) 

The feeder clearance, E, is found from 

E (feet) = 148 (14-F) 
Freq. (MC.) 

Example: For a frequency of 7.1 Mc., the length 
468 

L = — = 65.91 feet, or 63 feet 11 inches. 
7.1 

C = 11— 8 = 16.62 feet, or 16 feet 7 inches. 
7.1 
148 

E = = 20.84 feet, or 20 feet 10 inches. 
7.1 

Fig. 14-12 — Delta-matehed antenna system. The di-
mensions C, D, and E a e found by formulas given in 
the text. It is important that the matching section, E, 
come straight away from the antenna st ithout any bends. 

Since the equations hold only for 600-ohm 
line, it is important that the line be close to 
this value. This requires 434-inch spaced No. 
14 wire, 6-inch spaced No. 12 wire, or 3%-inch 
spaced No. 16 wire. 

If a half-wavelength antenna is fed at the 
center with other than 75-ohm line, or if a 
two-wire dipole is fed with other than 300-ohm 
line, standing waves will appear on the line 
and coupling to the transmitter may become 
awkward for some line lengths, as described 
in the preceding chapter. However, in many 
cases it is not convenient to feed the half-wave 
antenna with the correct line (as is the case 
where multiband operation of the same an-
tenna is desired), and sometimes it is not con-
venient to feed the antenna at the center. 
Where multiband operation is desired (to be 
discussed later) or when the antenna must be 

Half-wavelength 1  Half-wavelengthfrom formula — 1 --*1 from formula 

SOdeointr »olioidnrr 

No.12 or No.14 wire — 
hard-drawn or 

copperweld 

Ceramic spacers tied in 
m h place with Ne 18 wire 

No. 14 soft-drawn copy V 

To transmitter To transmitter 

Fig. 14-13 — The half-wave antenna can be fed at the 
center or at the end with an open-wire line. 'I'he antenna 
length is obtained from Equation 14-B or Fig. 14-4. 
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fed at one end by a transmission line, an open-
wire line of from 450 to 600 ohms impedance is 
generally used. The impedance at the end of a 
half-wavelength antenna is in the vicinity of 
several thousand ohms, and hence a standing-
wave ratio of 4 or 5 is not unusual when the 
line is connected to the end of the antenna. It 
is advisable, therefore, to keep the losses in the 
line as low as possible. This requires the use of 

ceramic or Micalex feeder spacers, if any ap-
preciable power is used. For low-power in-
stallations in dry climates, dry wood spacers 
that have been boiled in paraffin are satis-
factory. Mechanical details of half-wavelength 
antennas fed with open-wire lines are given in 
Fig. 14-13. If the power level is low, below 100 
watts or so, 300-ohm Twin-Lead can be used 
in place of the open line. 

Long-Wire Antennas 
An antenna will be resonant so long as an 

integral number of standing waves of current 
and voltage can exist along its length; in other 
words, so long as its length is some integral 
multiple of a half-wavelength. When the an-
tenna is more than a half-wave long it usually 
is called a long-wire antenna, or a harmonic 
antenna. 

Current and Voltage Distribution 

Fig. 14-14 shows the current and voltage 
distribution along a wire operating at its 
fundamental frequency (where its length is 
equal to a half-wavelength) and at its second, 
third and fourth harmonics. For example, if 
the fundamental frequency of the antenna is 7 
Mc., the current and voltage distribution will 
be as shown at A. The same antenna excited at 
14 Mc. would have current and voltage dis-
tribution as shown at B. At 21 Mc., the third 
harmonic of 7 Mc., the current and voltage 
distribution would be as in C; and at 28 Mc., 
the fourth harmonic, as in D. The number of 
the harmonic is the number of half-waves con-

Volleoe (E) 

)1 
Currenla 

FUNDAMENTAL (HALF-WAVE) 

2.40 HARMONIC (FULL-WAVE) 

A 

3RD HARMONIC (3/2-WAVE) 

D 

4m. HARMONIC ( 2-WAVE) 

Fig. 14-14 — Standing-wave current and voltage distri-
bution along an antenna when it is operated at vari-
ous harmonics of its fundamental resonant frequency. 
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Fig. 14-15 — Curve A shows variation in radiation re-
sistance u ith antenna length. Curve B shows power in 
lobes of maximum radiation for long-wire antennas as a 
ratio to the maximum radiation for a half-wave antenna. 

tamed in the antenna at the particular operat-
ing frequency. 
The polarity of current or voltage in each 

standing wave is opposite to that in the ad-
jacent standing waves. This is shown in the 
figure by drawing the current and voltage 
curves successively above and below the an-
tenna (taken as a zero reference line), to indi-
cate that the polarity reverses when the 
current or voltage goes through zero. Currents 
flowing in the same direction are in phase; 
in opposite directions, out of phase. 

It is evident that one antenna may be used 
for harmonically-related frequencies, such as 
the various amateur bands. The long-wire or 
harmonic antenna is the basis of multiband 
operation with one antenna. 

Physical Lengths 

The length of a long-wire antenna is not an 
exact multiple of that of a half-wave antenna 
because the end effects operate only on the 
end sections of the antenna; in other parts of 
the wire these effects are absent, and the wire 
length is approximately that of an equivalent 
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Fig. 14-16 — Horizontal patterns of radiation from a 
full-wave antenna. The solid line shows the pattern for a 
vertical angle of 15 degrees; dotted lines show deviation 
from the 15-degree pattern at 9 and 30 degrees. All three 
patterns are drawn to the same relative scale: actual am-
plitudes mill depend upon the height of the antenna. 

portion of the wave in space. The formula for 
the length of a long-wire antenna, therefore, is 

492 (N-0.05)  
Length (feet) — 14-G 

Freq. (Mc.) 

where N is the number of half-waves on the 
antenna. 

Example: An antenna 4 half-4% ayes long at 14.2 
Mc. would be 492 (4 — 0.05) 492 X 3.95 

14.2 14.2 

= 136.7 feet, or 136 feet 8 inches. 

It is appdrent that an antenna eut as a half-
wave for a given frequency will be slightly off 
resonance at exactly twice that frequency (the 

Fig. 14-17 — Horizontal patterns of radiation from an 
antenna three half-trates long. The solid line shows 
the pattern for a vertical angle of 15 degrees; dotted 
lines show deviation from the 15-degree pattern at 9 and 
30 degrees. Minor lobes coincide for all three angles. 

second harmonic), because of the decreased in-
fluence of the end effects when the antenna is 
more than one-half wavelength long. The effect 
is not very important, except for a possible un-
balance in the feeder system and consequent 
radiation from the feedline. If the antenna is 
fed in the exact center, no unbalance will 
occur at any frequency, but end-fed systems 
will show an unbalance in all but one frequency, 
the frequency for which the antenna is cut. 

Impedance and Power Gain 

The radiation resistance as measured at a 
current loop becomes larger as the antenna 
length is increased. Also, a long-wire antenna 
radiates more power in its most favorable di-
rection than does a half-wave antenna in its 
most favorable direction. This power gain is 

Fig. 14-18 — Horizontal patterns of radiation from an 
antenna two wavelengths long. The solid line shows the 
pattern for a vertical angle of 15 degrees; dotted line. 
show deviation from the 15-degree pattern at 9 and 30 
degrees. The minor lobes coincide for all three angles. 

secured at the expense of radiation in other 
directions. Fig. 14-15 shows how the radiation 
resistance and the power in the lobe of maxi-
mum radiation vary with the antenna length. 

Directional Characteristics 

As the wire is made longer in terms of the 
number of half-wavelengths, the directional 
effects change. Instead of the "doughnut" 
pattern of the half-wave antenna, the direc-
tional characteristic splits up into "lobes" 
which make various angles with the wire. In 
general, as the length of the wire is increased 
the direction in which maximum radiation 
occurs tends to approach the line of the an-
tenna itself. 

Directional characteristics for antennas one 
wavelength, three half-wavelengths, and two 
wavelengths long are given in Figs. 14-16, 
14-17 and 14-18, for three vertical angles of 
radiation. Note that, as the wire length in-
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creases, the radiation along the line of the an-
tenna becomes more pronounced. Still longer 
antennas can be considered to have practically 
"end-on" directional characteristics, even at 
the lower radiation angles. 

Methods of Feeding 

In a long-wire antenna, the currents in ad-
jacent half-wave sections must be out of phase, 
as shown in Fig. 14-14. The feeder system must 
not upset this phase relationship. This re-
quirement is met by feeding the antenna at 
either end or at any current loop. A two-wire 
feeder cannot be inserted at a current node, 

however, because this invariably brings the 
currents in two adjacent half-wave sections in 
phase; if the phase in one section could be re-
versed, then the currents in the feeders neces-
sarily would have to be in phase and the feeder 
radiation would not be canceled out. 
No point on a long-wire antenna offers a 

reasonable impedance for a direct match to 
any of the common types of transmission lines. 
The most common practice is to feed the an-
tenna at one end or at a current loop with a 
low-loss open- wire line and accept the resulting 
standing-wave ratio of 4 or 5. When a better 
match is required, "stubs" are generally used 
(described in the preceding chapter). 

Multiband Antennas 
As suggested in the preceding section, the 

same antenna may be used for several bands 
by operating it on harmonics. When this is 
done it is necessary to use resonant feeders, 
since the impedance matching for nonresonant 
feeder operation can be accomplished only at 
one frequency unless means are provided for 
changing the length of a matching section and 
shifting the point at which the feeder is at-
tached to it. 

Furthermore, the current loops shift to a new 
position on the antenna when it is operated on 
harmonics, further complicating the feed situa-
tion. It is for this reason that a half-wave an-
tenna that is center-fed by a solid-dielectric 
line is practically useless for harmonic opera t ion; 
on all even harmonics there is a voltage maxi-
mum occurring right at the feed point, and the 
resultant impedance mismatch is so bad that 
there is a large standing-wave ratio and conse-
quently high loases arise in the solid dielectric. 
It is wise not to attempt to use on its harmonics a 
half-wave antenna center-fed with coaxial cable. 
High-impedance solid-dielectric lines such as 
300-ohm Twin-Lead may be used, however, pro-
vided the power does not exceed a few hundred 
watts. 
When the same antenna is used for work in 

several bands, it must be realized that the 
directional characteristic will vary with the 
band in use. 

A 

Simple Systems 

The most practical simple multiband an-
tenna is one that is a half-wavelength long at 
the lowest frequency and is fed either at the 
center or one end with an open-wire line. 
Although the standing-wave ratio on the feed-
line will not approach 1.0 on any band, if the 
losses in the line are low the system will be 
efficient. From the standpoint of reduced feed-
line radiation, a center-fed system is superior 
to one that is end-fed, but the end-fed arrange-
ment is often more convenient and should 
not be ignored as a possibility. The center-fed 
antenna will not have the same radiation 
pattern as an end-fed one of the same length, 
except on frequencies where the over-all length 
of the antenna is a half-wavelength or less. 
The end-fed antenna acts like a long-wire 
antenna on all bands (for which it is longer 
than a half-wavelength), but the center-fed 
one acts like two antennas of half that length 
fed in phase. For example, if a full-wavelength 
antenna is fed at one end, it will have a radia-
tion pattern as shown in Fig. 14-16, but if it 
is fed in the center the pattern will be some-
what similar to Fig. 14-7, with the maximum 
radiation broadside to the wire. Either an-
tenna is a good radiator, but if the radiation 
pattern is a factor, the point of feed must be 
considered. 

Since multiband operation of an antenna 
does not permit matching of the feedline, 
some attention must be paid to the 
length of the feedline if convenient 

transmitter-coupling arrangements are to be 
obtained. Table 14-1 gives some suggested 
antenna and feeder lengths for multiband 
operation. In general, the length of the feedline 
should be some integral multiple of a quarter 
wavelength at the lowest frequency. 

Antennas for Restricted Space 

If the space available for the antenna is not 
large enough to accommodate the length nec-
essary for a half-wave at the lowest frequency 
to be used, quite satisfactory operation can be 
secured by using a shorter antenna and making 

Tuning 
AppaneuS 

Fig. 14-19— Practical arrangement of a shortened an-
tenna. The total length, A -I- B B -I- A, should be a 
half-wavelength for the lowest-frequency band. usually 
3.5 Mc. See Table 14-1 for lengths and tuning data. 
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TABLE 14-I 

Multiband Resonant-Line Fed Antennas 

Length (ft.) 

With end feed: 
120 

Feeder Fee 
Length 
Ut.) 

Rand 
Type of 
tuning 

series 

series 
parallel 

series 
parallel 

60 

67 

33 

4- Mc. 'phone 

3.5-Me. c.w. 
7 through 
28-Me. 

136 

67 7 and 21 Mc. 
14 and 28 Mc. 

With center feed: 
137 67 

66 

3.5 through 
28 Mc. 

7 and 21 Mc. 
14 and 28 Mc. 

7 through 
28 Mc. 

parallel 

series 
parallel 

parallel 

68 

68 34 

The antenna lengths given represent compro-
mises for harmonic operation because of different 
end effects on different bands. The 136-foot end-
fed antenna is slightly long for 3.5 Mc. but will 
work well in the region (3500-3600 kc.) that quad-
ruples into the 14-Nie, band. Bands not listed :ire 
not recommended for the particular antenna. The 
center-fed systems are less critical as to length. 
Tuning connections are for open-wire line and may 
differ for 300-ohm Twin-Lead. 
The end-fed and center-fed antennas will have 

the same directional characteristics only on the 
lowest frequency, as explained in the text. 

up the missing length in the feeder system. 
The antenna itself may be as short as a quar-
ter wavelength and still radiate fairly well, 
although of course it will not be as effective 
as one a half-wave long. Nevertheless, such a 
system is useful where operation on the de-
sired band otherwise would be impossible. 

Resonant feeders are a practical necessity 
with such an antenna system, and a center-fed 
antenna will give best all-around performance. 
With end feed the feeder currents become 
badly unbalanced. 

With center feed practically any convenient 
length of antenna can be used, if the feeder 
length is adjusted to accommodate at least 
one half-wave around the whole system. 
A practical antenna of this type can be 

made as shown in Fig. 14-19. Table 14-11 
gives a few recommended lengths. However, 
the antenna can be made any convenient 
length, provided the total length of wire is a 
half-wavelength at the lowest frequency, or an 
integral multiple of a half-wavelength. 

In using the tables, it should be held in mind 
that the " typc of tuning" will vary from that 
listed if t he fccd-line lengths are not as shown or 
if solid-dielectric line (Twin-Lead) is used. This 
should not be interpreted as a fault in the an-
tenna, and any tuning system (series or parallel) 
that works well without any trace of heating is 
quite satisfactory. 

Bent Antennas 

Since the field strength at a distance is pro-
portional to the current in the antenna, the 
high-current part of a half-wave antenna (the 
center quarter wave, approximately) does 
most of the radiating. Advantage can be 
taken of this fact when the space available 
does not permit building an antenna a half-
wave long. In this ease the ends may be bent, 
either horizontally or vertically, so that the 

II 
Fig. 14-20 — Folded arrangement for shortened an-
tennas. The total length is a half-wave, not including 
the feeders. The horizontal part is made as long as con-
venient and the ends dropped down to make up the re-
quired length. The ends may be bent back on themselves 
like feeders to cancel radiation partially. The horizontal 
section should be at least a quarter wave long. 

total length equals a half-wave, even though 
the straightaway horizontal length may be as 
short as a quarter wave. The operation is 
illustrated in Fig. 14-20. Such an antenna will 
be a somewhat better radiator than a quarter-
wavelength antenna on the lowest frequency, 
but is not so desirable for multiband operation 
because the ends play an increasingly im-
portant part as the frequency is raised. The 
performance of the system in such a case is dif-
ficult to predict, especially if the ends are verti-
cal (the most convenient arrangement) because 
of the complex combination of horizontal and 
vertical polarization which results as well as 
the dissimilar directional characteristics. How-
ever, the fact that the radiation pattern is in-
capable of prediction does not detract from the 
general usefulness of the antenna. For one-band 
operation, end-loading with coils (5 feet or so in 
from each end) is practical and efficient. 

TABLE 14-II 

Antennas and Feeder Lengths for Short 
Multiband Antennas, Center-Fed 

A men na 
Length (ft.) 

Feeder 
Lenftgth 
(.) 

Band 
Type of 
Tuning 

parallel 
series 
series or 
parallel 

series 
parallel 

parallel 

100 83 3.5 Mc. 
7, 14, 21 Mc. 

28 Me. 

68 34 3.5 Mc. 
7, II, 21 

and 28 Mc. 

7, 14, 21 
and 28 Mc. 

50 43 

33 51 7, 14, 21 
and 28 Mc. 

parallel 

33 31 7 and 21 Me. 
14 and 28 Mc. 

series 
parallel 
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Vertical Antennas 
A vertical quarter-wavelength antenna is often 

used in the low-frequency amateur bands to ob-
tain low-angle radiation. Four typical examples 
and suggested methods for feeding are shown in 
Fig. 14-21. The antenna may be wire or tubing 
supported by wood or insulated guy wires. When 

Quarter 
melee' 

from 
formula 

Qua ter 
wavelength 

from 
formula 

50-else coaxial line 

Quarter 
wavelength 

from 
formula 

L, 

(A) (B) 

150-ohm fine 

(C)  

CI 

Ally line 
to 

transmitter 

Quarter 
wavelength 
f om 

formula 

_30_0 =ohm line 

(D) 

Fig. 14-21 — A quarter-wavelength antenna can he fed 
directly with 50-ohm coaxial line (A) with a low stand-
ing-way e ratio, or a coupling network can be used (B) 
that will permit a line of any impedance to be used. In 
(15), Li and Ci should resonate to the operating fre-
quency, and Li should be larger than is normally used 
in a plate tank circuit at the same frequency. 
By using multiwire antennas, the quarter-wave 

vertical can be fed with (C) 150- or (D) 300-ohm hue. 

tubing is used for the antenna, or when guy wires 
(broken up by insulators) are used to reinforce 
the structure, the length given by the formula is 
likely to be long by a few per cent. A check of the 
standing-wave ratio on the line will indicate the 
frequency at which the s.w.r, is minimum, and 
the length of the antenna can be adjusted accord-
ingly. 
The examples shown in Fig. 14-21 all require an 

antenna insulated from the ground, to provide 
for the feed point. A grounded tower or pipe can 
be used as a radiator by employing " shunt feed," 
which consists of tapping the inner conductor of 
the coaxial-line feed up on the tower until the best 
match is obtained, in much the same manner as 
the "gamma match" (described later) is used on 
a horizontal element. If the antenna is not an 
electrical quarter-wavelength long, it is necessary 
to tune out the reactance by adding capacity or 
inductance between the coaxial line and the 
shunting conductor. A metal tower supporting a 
TV antenna or rotary beam can be shunt-fed only 
if all of the wires and leads from the supported 
antenna run down the center of the tower and 

underground away from the tower, since other-
wise they would become part of the low-frequency 
antenna system. 

• THE GROUND-PLANE ANTENNA 
A ground-plane antenna is a vertical quarter-

wavelength antenna using an artificial metallic 
ground, usually consisting of four rods or wires 
perpendicular to the antenna and extending radi-
ally from its base Unlike the quarter-wavelength 
vertical antennas without an artificial ground, 
the ground-plane antenna will give low-angle 
radiation regardless of the height above actual 
ground. It is a useful antenna for DX work in any 
of the amateur bands below 30 Mc. 
The vertical portion of the ground-plane an-

tenna can be made of self-supported aluminum 
tubing, or a top-supported wire, depending upon 
the necessary length and the available supports. 
The radials are also made of tubing or heavy wire, 
depending upon the available supports and 
necessary lengths. 
The radiation resistance of a ground-plane an-

tenna varies with the diameter of the vertical 
element, as shown in Fig. 14-22. Since the radia-
tion resistance is usually in the vicinity of 30 to 
32 ohms, the antenna can be fed with 75-ohm 
coaxial line if a quarter-wavelength matching 
section of 50-ohm coaxial line is used between the 
line and the antenna. (See Chapter Thirteen, 
"Quarter-Wave Transformers.") 
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Fig. 14-22 — Radiation resistance of a quarter-wave 
antenna (with ground plane or grounded) as a function 
of M. The values apply only when the antenna is of the 
resonant length. 
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Fig. 14-23 — The gr  
plane antenna with shunt 
matching. The antenna 
length, L., matching stub 
length, L, and radial length, 

are determined as de-
scribed in the text, for 
matching a transmission 
line of given characteristic 
impedance. As shown in the 
insert, the radials and the 
outside conductors of the 
stub and line are all con-
nected together. 

It is also possible to feed the ground-plane 
antenna with coaxial line and a " shunt" match-
ing section, as shown in Fig. 14-23. The various 
values required for proper matching will depend 
on the particular type of line used, as well as on 
the radiation resistance, resonant length, and 
reactance per unit length of the antenna. These 
antenna characteristics are dependent on the 
length/diameter ratio — that is, the ratio of a 
half wavelength in free space to the diameter of 
the antenna element — and allowance must be 
made for this factor. The necessary information 
for design purposes is given in Figs. 14-22, 14-24 
and 14-25. 

Determining the antenna dimensions can be 
reduced to a series of steps, as follows: 
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Fig. 14-24 — The antenna-length factor as a function of 
the ratio of a free-space half wavelength to the con-
ductor diameter. The length factor multiplied by a 
free-space quarter wavelength is the length of a quarter-
wave radiator resonant at the selected frequency. 
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First determine M, the ratio of a free-space 
half wavelength to the conductor diameter. The 
following formula may be used: 

5906 
M = 

FD 
where F = frequency in megacycles, 

D = conductor diameter in inches. 
Using the value of .11 so found, read the length 

factor (K.) from Fig. 14-24, the reactance change 
per 1 per cent change in length (K.) from Fig. 
14-25, and the radiation resistance (R,-) from Fig. 
14-22. 

Since the antenna is to be shortened, these 
values must be modified appropriately. The 
actual radiation resistance, after the antenna is 
properly shortened, will be 

Z1  
R. R, — 4R, ohms, 

where 1?„ = radiation resistance after shortening, 
Z1 = characteristic impedance of trans-

mission line to be matched. 
The proper value of capacitive reactance in 

the shortened antenna is given by 
X. -= SR0 ohms, 

where X„ = capacitive reactance of antenna, and 

S  = — 1. 
Z1 

The antenna length that gives the proper ca-
paeitive reactance is 

2953K.K • 
t.„ = inches, 

le 

where /,„ = required antenna length, and 

X.  

= fooK.. 
The only remaining steps are to find the dimen-

sions of the inductive stub and the length of the 
radial ground-plane rods. 
The required stub reactance is given by 

Z1 
X. = ohms, 
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Fig. 14-25 — Reactance change with antenna length as 
a function of M, for quarter-wave ground-plane (or 
grounded) antennas. If the antenna is longer than the 
resonant length the reactance is inductive; if shorter, 
the reactance is capacitive. The curve is accurate for 
lengths within 10 per cent of the resonant length. 
Multiply reactance values by 2 for half-wave antennas. 

where X. = inductive reactance of stub. 
The length of the shorted stub is 

:32.811, 
L. = - — inches, 

where L. = stub length, 
V = velocity factor of line used in stub, 
L = length of stub in electrical degrees 

having required 
L is equal to the angle whose tangent is XJZ., 

where Z. is the characteristic impedance of the 
stub. 
The length of each radial is given by 

295:3K, 
L, = inches, 

the length being measured from the center line 
of the radiator to the tip of the radial. 

If the radials have a different diameter than the 
radiator (a common practice) the M and K. for 
radials and antenna must be considered sepa-
rately. 

Example: Assume a ground-plane antenna to be con-
structed with a vertical radiator of 2-inch diameter tubing 
and radials of No. 10 (0.10-inch diam.) wire, for a frequency 
of 7.1 Me. and to be matched to 72-ohm RG-8/I.7 coaxial 
line by using a stub of the same material. 

F = 7.1 Me., D = 2 inches, Zi = Z. = 72 ohms, 
= 0.66, M = 5906 ÷ ( 7.1 X 2) = 416. 

From Figs. 14-24, 14-25 and 14-22, it is found that 
K. = 0.971, K. = 5.5, Itr = 30.9. 

From the formula, 

and the factor 

72  
— 30.3 ohms 

3" — 4 X 30.9 

S = •Ni — — 1 = 1.09. 
30.3 

72 

Ilence X, = 1.09 X 30.3 = 33 ohms. 
33  

Also, Kb = 1 0.94. 
100 X 5.5 

Thus the antenna length, 
L. 2953 X 0.971 X .948 inches. 

7.1 

To find the stub dimensions, 

72 
= = 66. 

1.09 

L is the angle whose tangent is 66 + 72 = 0.918, and from 
a table of tangents is found to be 42.6 degrees. 

32.8 X 0.66 X 42.6 
Then L. — 130 inches = 10 feet 10 

7.1 inches 

380 inches = 31 feet. 

For the radials, 

M = 5906 ÷ (7.1 X 0.1) = 8340, K. = 0.978. 
2953 X 0.978 

Hence L, — 407 inches = 33 feet 11 inches. 
7 1 

Antennas for 160 Meters 
Results on 1.8 Me. will depend to a large 

extent on the antenna system and the time 
of day or night. Almost any random long wire 
that can be tuned to resonance will work 
during the night but it will generally be found 
very ineffective during the day. A vertical 
antenna — or rather an antenna from which 
the radiation is predominantly vertically po-
larized — is probably the best for 1.8- Me. op-
eration. A horizontal antenna (horizontally-
polarized radiation) will give better results 
during the night than the day because daytime 
absorption in the ionosphere is so high at this 
frequency that the reflected wave is too weak 
to be useful. At night the performance im-
proves because nighttime ionosphere condi-
tions generally permit the reflected wave to 
return to earth without too much attenuation. 
The vertically-polarized radiator gives a strong 

ground wave that is effective day or night, 
and it is to be preferred on 1.8 Mc. 

There is another reason why a vertical 
antenna is better than a horizontal for 160-
meter operation. The low-angle radiation from 
a horizontal antenna or 3¡. wavelength 
above ground is almost insignificant. Any rea-
sonable height is small in terms of wave-
length, so that a horizontal antenna on 160 
meters is a poor radiator at angles useful for 
long distances (" long," that is, for this band). 
Its chief usefulness is over relatively short 
distances at night. 

Bent Antennas 

Since ideal vertical antennas are generally 
out of the question for practical amateur 
work, the best compromise is to bend the 
antenna in such a way that the high-current 
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125' 

(B) 

Fig. 14-26— Bent antenna for the 160-meter band. 
In the system at A, the vertical portion (length X) 
should be made as long as possible. In either antenna 
system, LiCi should resonate at 1900 ke., roughly. 
To adjust L2 in antenna A, resonate LiCi alone to 
the operating frequency, then connect it to the antenna 
system and adjust L2 for maximum loading. Further 
loading can be obtained by increasing the coupling be-
tween Lt and the link. 

portions of the antenna run vertically. It is, 
of course, advisable to place the antenna so 
that the highest currents in the antenna occur 
at the highest points above actual ground. 
Two antenna systems designed along these 
lines are shown in Fig. 14-26. The antenna at 
A uses a loading coil, L2, to increase the 
electrical length of the antenna to a half wave-
length, so that the antenna can be fed at its 
high-voltage point through the coupling cir-
cuit MCI. The antenna of Fig. 14-26B uses a 
full half-wavelength of wire but is bent so 
that the high-current portion runs vertically. 
The horizontal portion running to Lei should 
run 8 or 10 feet above ground. 

Grounds 
A good ground connection is generally im-

portant on 160 meters. The ideal system is a 
number of wire radials buried a foot or two 
underground and extending 50 to 100 feet from 
the central connection point. As many radials 
as possible should be used. 

If the soil is good (not rocky or sandy) and 
generally moist, a low-resistance connection to 
the cold-water pipe system in the house will 
often serve as an adequate ground system. The 
connection should be made close to where the 
pipe enters the ground, and the surface of the 
pipe should be scraped clean before tightening 
the ground clamp around the pipe. 
A 6- or 8-foot length of 1-inch water pipe, 

driven into the soil at a point where there is 
considerable natural 
moisture, can be used 
for the ground connec-
tion. Three or four 
pipes driven into the 
ground 8 or 10 feet 
apart and all joined 
together at the top 
with heavy wire are 
more effective than 
the single pipe. 
The use of a counter-

poise is recommended 
where a buried system 
is not practicable or 
where a pipe ground 
cannot be made to 
have low resistance be-

cause of poor soil conditions. A counterpoise 
consists of a number of wires supported from 
6 to 10 feet above the surface of the ground. 
Generally the wires are spaced 10 to 15 feet 
apart and located to form a square or polygonal 
configuration under the vertical portion of the 
antenna. 

Fig. 14-27 — An arrange-
ment for keeping the main 
radiating portion of the 
antenna vertical. 

Long-Wire Directive Arrays 

• THE -V" ANTENNA 
It has been emphasized that, as the antenna 

length is increased, the lobe of maximum ra-
diation makes a more acute angle with the 

e 

Fig. 14-28 — The basic "V" antenna, made by combin-
ing two long wires. 

wire. Two such wires may be combined in the 
form of a horizontal "V" so that the main lobes 
from each wire will reinforce along a line bisect-
ing the angle between the wires. This increases 

both gain and directivity, since the lobes in 
directions other than along the bisector cancel to 
a greater or lesser extent. The horizontal "V" 

antenna therefore transmits best in either direc-
tion (is bidirectional) along a line bisecting the 
"V" made by the two wires. The power gain de-
pends upon the length of the wires. Provided the 
necessary space is available, the "V" is a simple 
antenna to build and operate. It can also be used 
on harmonics, so that it is suitable for multi-
band work. A top view of the "V" antenna is 
shown in Fig. 14-28. 

Fig. 14-29 shows the dimensions that 
should be followed for an optimum design 
to obtain maximum power gain for different-
sized " V" antennas. The longer systems 
give good performance in multiband operation. 
Angle cc is approximately equal to twice the 
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Fig. 14-29 — Design chart for horizontal " V" antennas, 
giving the enclosed angle between sides es. Lise length of the 
wires. Values in parentheses represent approximate wave 
angle for height of one-half wavelength. 

angle of maximum radiation for a single wire 
equal in length to one side of the " V." 
The wave angle referred to in Fig. 14-29 is 

the vertical angle of maximum radiation. 
Tilting the whole horizontal plane of the " V" 
will tend to increase the low-angle radiation 
off the low end and decrease it off the high 
end. 
The gain increases with the length of the 

wires, but is not exactly twice the gain for a 
single long wire as given in Fig. 14-15. In the 
longer lengths the gain will be somewhat 
increased, because of mutual coupling between 
the wires. A " V" eight wavelengths on a leg, 
for instance, will have a gain of about 12 db. 
over a half-wave antenna, whereas twice the 
gain of a single eight-wavelength wire would be 
only approximately 9 db. 
The two wires of the "" must be fed out of 

phase, for correct operation. A resonant line 
may simply be attached to the ends, as shown 
in Fig. 14-28. Alternatively, a quarter-wave 
matching section may be employed and 
the antenna fed through a nonresonant 
line. If the antenna wires are made 
multiples of a half-wave in length Line 
(use Equation 14-G for computing the 
length), the matching section will be 
closed at the free end. A stub can be 
connected across the resonant line to 
provide a match, as described in the 
preceding chapter. 

• THE RHOMBIC ANTENNA 
The horizontal rhombic or "dia-

mond" antenna is shown in Fig. 14-30. 
Like the " V," it requires a great deal 
of space for erection, but it is capable 
af giving excellent gain and directivity 

CHAPTER 14 

It also can be used for multiband operation. 
In the terminated form shown in 1 ig. 14-30, 
it operates like a nonresonant transmission 
line, without standing waves, and is unidirec-
tional. It may also be used without the ter-
minating resistor, in which case there are 
standing waves on the wires and the antenna 
is bidirectional. 
The important quantities influencing the 

design of the rhombic antenna are shown in 
Fig. 14-30. While several design methods may 
be used, the one most applicable to the condi-
tions existing in amateur work is the so-called 
"compromise" method. The chart of fig. 
14-31 gives design information based on a 
given length and wave angle to determine the 
remaining optimum dimensions for best opera-
tion. Curves for value of length of two, three 
and four wavelengths are shown, and any in-
termediate values may be interpolated. 
With all other dimensions correct, an in-

crease in length causes an increase in power 
gain and a slight reduction in wave angle. An 
increase in height also causes a reduction in 
wave angle and an increase in power gain, 

but not to the same extent as a proportionate 
increase in length. For multiband work, it is 
satisfactory to design the rhombic antenna on 
the basis of 14-Mc, operation, which will permit 
work from the 7- to 28-Mc, bands as well. 
A value of 800 ohms is correct for the termi-

nating resistor for any properly-constructed 
rhombic, and the system behaves as a pure re-
sistive load under this condition. The terminating 
resistor must be capable of safely dissipating 
one-half the power output (to eliminate the rear 
pattern), and should be noninductive. Such a 
resistor may be made up from a carbon or graph-
ite rod or from a long 800-ohm transmission line 
using resistance wire. If the carbon rod or a 
similar form of lumped resistance is used, the 
device should be suitably protected from weather 
effects; i.e., it should be covered with a good 
asphaltic compound and sealed in a small light-
weight box or fiber tube. Suitable nonreactive 
terminating resistors are also available eom-
mercially. 

TOP VIEW 
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Fig. 14-30— The horizontal rhombic or diamond antenna, termi-
nated. Important design dimensions are indicated; details in text. 
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Fig. 14-31 — Compromise-method design chart for 
rhombic antennas of various leg lengths and wave angles. 
The examples at the right illustrate the use of the chart: 

23 30 

For feeding the antenna, the antenna im-
pedance will be matched by an 800-ohm line. 
which may be constructed from No. 16 wire 
spaced 20 inches or from No. 18 wire spaced 
16 inches. The 800-ohm line is somewhat 
ungainly to install, however, and may be 
replaced by an ordinary 600-ohm line with 
only a negligible mismatch. Alternatively, 
a matching section may be installed between 
the antenna terminals and a low-impedance 
line. However, when such an arrangement is 
used, it will be necessary to change the match-
ing-section constants for each different band on 
which operation is contemplated. 

(1) Given: 

Length (L) = 2 wavelengths 
Desired wave angle (..1) = 20°. 

To Find: H, 4. 
ethod: 
Dram vertical line through point a (L = 2 wave-

lengths) and point b on abscissa (à = 20°). Read 
angle of tilt (e) for point a and height (II) from 
intersection of line ah at point c on curve H. 

Result: 
= 60.5°. 

H = 0.73 wavelength. 

(2) Given: 
Length (L) = 3 wavelengths. 
Angle of tilt (e) = 78°. 

lo Find: H, à. 
Method: 
Draw a vertical line from point don curve L = 3 

wavelengths at 4, = 78°. Read intersection of 
this line on curve H (point e) for height, and 
intersection at point j on the abscissa for a. 

Result: 
/1 .= 0.56 wavelength. 
à = 

The same design details apply to the unter-
minated rhombic as to the terminated type. 
When used without a terminating resistor, the 
system is bidirectional. Resonant feeders are 
generally used with the unterminated rhombic. A 
nonresonant line may be used by incorporat-
ing a matching section at the antenna, but is 
not readily adaptable to satisfactory multiband 
work. 
Rhombic antennas will give a power gain of 

8 to 12 db. or more for leg lengths of two to 
four wavelengths, when constructed according 
to the charts given. In general, the larger the 
an the greater the power gain. 

Directive Arrays with Driven Elements 
By combining individual half-wave antennas 

into an array with suitable spacing between 
the antennas (called elements) and feeding 
power to them simultaneously, it is possible to 
make the radiated fields from the individual 
elements add in a favored direction, thus in-
creasing the field strength in that direction as 
compared to that produced by one antenna 
element alone. In other directions the fields 
will more or less oppose each other, giving a 
reduction in field strength. Thus a power gain 
in the desired direction is secured at the ex-
pense of a power reduction in other directions. 

Besides the spacing between elements, the in-
stantaneous direction of current flow (phase) 
in individual elements determines the directiv-
ity and power gain. There are several methods 
of arranging the elements. If they are strung 
end to end, so that all lie on the same straight 
line, the elements are said to be collinear. If 
they are parallel and all lying in the same 
plane, the elements are said to be broadside 
when the phase of the current is the same 
in all, and end-fire when the currents are not 
in phase. Elements that receive power from 
the transmitter through the transmission line 
are called driven elements. 

The power gain of a directive system in-
creases with the number of elements. The 
proportionality between gain and number of 
elements is not simple, however. The gain de-
pends upon the effect that the spacing and 
phasing has upon the radiation resistance of the 
elements, as well as upon their number. 

Collinear Arrays 

Simple forms of collinear arrays, with the 
current distribution, are shown in Fig. 14-32. 
The two-element array at A is popularly 
known as "two half-waves in phase." It will 
be recognized as simply a center-fed antenna 
operated at its second harmonic. The way in 
which the number of elements may be extended 
for increased directivity and gain is shown in 
Fig. 14-28B. Note that quarter-wave phasing 
sections are used between elements; these give 
the reversal in phase necessary to make the 
currents in individual antenna elements all 
flow in the same direction at the same instant. 
Any phase-reversing section may be used as a 
quarter-wave matching section for attaching a 
nonresonant feeder, or a resonant transmission 
line may be substituted for any of the quarter-
wave sections. Also, the antenna may be end-fed 
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Fig. 14-32 — Co linear half-wave an ennas in phase. The sys-
tem at A is generally known as " two half-waves in phase." B 
is an extension o the system; in theory the number of elements 
may be carried on indefinitely, but practical considerations 
usually limit the elements to four. 

by any of the systems previously described, or 
any element may be center-fed. It is best to feed 
at the center of the array, so that the energy will 
be distributed uniformly among the elements. 
The gain and directivity depend upon the 

number of elements and their spacing, center-
to-center. This is shown by Table 14-111. Al-
though three-quarter wave spacing gives 
greater gain, it is difficult to construct a suit-
able phase-reversing system when the ends of 
the antenna elements are widely separated. For 
this reason, the half-wave spacing is most gen-
erally used in actual practice. 

Collinear arrays may be mounted either 
horizontally or vertically. Horizontal mount-
ing gives increased horizontal directivity, while 
the vertical directivity remains the same as for 

(B) 

TABLE 14-III 

Theoretical Gain of Collinear Half-Wave Antennas 

Sparing between 
centers of adjacent 

half-ewes 

12 wave 
54 wave 

Number of half-wares 
in array vs. gain in db. 

2 

1.8 
3.2 

3 

3.3 
4.8 

4 

4.5 
6.0 

5.3 
7.0 

6 

6.2 
7.8 

a single element at the same height. Vertica 
mounting gives the same horizontal pattern as 
a single element, but concentrates the radiation 
at low angles. It is seldom practicable to use 
more than two elements vertically at fre-
quencies below 14 Mc. because of the excessive 
height required. 

Broadside Arrays 

Parallel antenna elements with currents in 
phase may be combined as shown in Fig. 14-33 
to form a broadside array, so named because 
the direction of maximum radiation is broad-
side to the plane containing the antennas. 
Again the gain and directivity depend upon 
the number of elements and the spacing, the 
gain for different spacings being shown in 
Fig. 14-34. Half-wave spacing generally is 
used, since it simplifies the problem of feeding 
the system when the array has more than two 
elements. Table 14-1V gives theoretical gain 
as a function of the number of elements with 

half-wave spacing. 
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Broadside arrays may be suspended 
either with the elements all vertical or with 
them horizontal and one above the other 
(stacked). In the former case the horizontal 
pattern becomes quite sharp, while the 
vertical pattern is the same as that of one 
element alone. If the array is suspended 
horizontally, the horizontal pattern is equiv-
alent to that of one element while the verti-
cal pattern is sharpened, giving low-angle 

radiation. 
Broadside arrays may be fed either by 

resonant transmission lines or through guar-
terwave matching sections and nonresonant 
I Fi 14-33 note the "crossing over" of lines. n g. 

the feeders, which is necessary to bring the ele-
ments into proper phase relationship. 

Feeder 

Fig. 14-33 — Broadside array using parallel half-nave 
elements. Arrows indicate the direction of current flow. 
transposition of the feeders is necessary to bring the an-
tenna currents in phase. Any reasonable number of ele-
ments may be used. The array is bidirectional, with 
maximum radiation "broadside" or perpendicular to the 
antenna plane ( perpendicularly through this page). 

Combined Broadside and Collinear Arrays 
Broadside and collinear arrays may be 

combined to give both horizontal and vertical 
directivity, as well as additional gain. The 
general plan of constructing such antennas is 
shown in Fig. 14-35. The lower angle of radia-
tion resulting from stacking elements in the 
vertical plane is desirable at the higher fre-
quencies. In general, doubling the number of 
elements in an array by stacking will raise the 
gain from 2 to 4 db., depending upon whether 
vertical or horizontal elements are used — that 
is, whether the stacked elements are of the 
broadside or collinear type. 
The arrays in Fig. 14-35 are shown fed from 

one end, but this is not especially desirable in 

o 
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Fig. 14-34 — Gain rs. spacii% for two paralle half-wave 
elements combined as either broadside or end fire arrays. 
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TABLE 14-IV 

Theoretical Gain VS: Number of Broadside 
Elements (Half-Wave Spacing) 

No. of element, 

2 
3 
4 
5 
6 

Gain 

4 db. 
5.5 
7 
8 
9 

the case of large arrays. Better distribution of 
energy between elements, and hence better 
over-all performance, will result when the 
feeders are attached as nearly as possible to the 
center of the array. Thus, in the eight-element 
array at A, the feeders could be introduced at 
the middle of the transmission line between the 
second and third set of elements, in which case 
the connecting line would not be transposed 
between the second and third set of elements. 
Alternatively, the antenna could be constructed 
with the transpositions as shown and the 
feeder connected between the adjacent ends of 
either the second or third pair of collinear 
elements. 
A four-element array of the general type 

shown in Fig. 14-35B, known as the "lazy- II" 

1/2 

Fig. 14-35 — Combination broadside and collinear ar-
ray s. A, with vertical elements; B, with horizontal ele-
ments. Both arrays give low-angle radiation. I'm) or 
more sections may he used. The gain in db. is ill be equal, 
approximately, to the sum of the gain for one set of 
broadside elements (Table 14-IV) plus the gain of one set 
of collinear elements (Table 14411). For example, in A 
each broadside set has four elements (gain 7 db.) and 
each collinear set two elements (gain 1.8 db.), giving a 
total gain of 8.8 db. In B, each broadside set has two ele-
ments (gain 4 db.) and each collinear set three elements 
(gain 3.3 db.), making the total gain 7.3 db. The result is 
not strictly accurate, because of mutual coupling be-
tween the elements, but is good enough for practical 
purposes. 

antenna, has been quite frequently used. This 
arrangement is shown, with the feed point indi-
cated, in Fig. 14-36. 

End-Fire Arrays 

Fig. 14-37 shows a pair of parallel half-wave 
elements with currents out of phase. This is 
known as an end-fire array because it radiates 
best along the plane of the antennas, as shown. 

The end-fire array may be used either ver-
tically or horizontally (elements at the same 
height), and is well adapted to amateur work 
because it gives maximum gain with relatively 
close element spacing. Fig. 14-34 shows how 
the gain varies with spacing. End-fire elements 
may be combined with additional collinear and 
broadside elements to give a further increase in 
gain and directivity. 

Either resonant or nonresonant lines may be 
used with this type of array. Nonresonant lines 

feed 

Fig. 14-36 — A four-element combination broadside-
collinear array, popularly known as the "lazy-Il" 
antenna. A closed quarter-wave stub may be used 
at the feed point to match into a 600-ohm transmission 
line, or resonant feeders may be attached at the point 
indicated. The gain over a half-wave antenna is S to 6 db. 

preferably are matched to the antenna through 
a quarter-wave matching section or phasing 
stub. 

Phasing 

Figs. 14-35 and 14-37 illustrate a point in 
connection with feeding a phased antenna sys-
tem which sometimes is confusing. In Fig. 
14-37, when the transmission line is connected 
as at A there is no crossover in the line con-
necting the two antennas, but when the trans-
mission line is connected to the center of the 
connecting line the crossover becomes neces-
sary (B). This is because in B the two halves 
of the connecting line are simply branches of 
the same line. In other words, even though 
the connecting line in B is a half-wave in 
length, it is not actually a half-wave line but 
two quarter-wave lines in parallel. The same 
thing is true of the untransposed line of Fig. 
14-35B. Note that, under these conditions, the 
antenna elements are in phase when the line 
is not transposed, and out of phase when the 
transposition is made. The opposite is the case 
when the half-wave line simply joins two an-

«11.• 
«I  

•Ief•••• 

(A) (B) 

Fig. 14-37 — End-lire arrays using parallel half-wave 
elements. The elements are shown with half-wave spac-
ing to illustrate feeder connections. In practice, closer 
spacings are desirable, as shown by Fig. 14-34. Direction 
of maximum radiation is shown by the large arrows. 
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tetina elements and does not have the feed line 
connected to its center, as in Fig. 14-33. 

Adjustment of Arrays 

With arrays of the types just described, 
using half-wave spacing between elements, it 
will usually suffice to make the length of each 
element that given by Equations 14-B or 14-C. 
'I'he half-wave phasing lines between the 
parallel elements should be of open-wire con-
struction, and their length can be calculated 
from: 

Length of half-wave line (feet) -= (14-H) 

480  

Freq. (Mc.) 

Example: A half-wavelength phasing line for 
480 28.8 Mc. would be — = 16.66 feet = 16 feet 
28.8 

8 inches. 

The spacing between elements can be made 
equal to the length of the phasing line. No 
special adjustments of line or element length 

(c) 

0.64X  

A. 

e 

(D) 

0.64X 
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or spacing are needed, provided the formulas 
are followed closely. 

With collinear arrays of the type shown ill 
Fig. 14-32B, the same formula may be used 
for the element length, while the length of the 
quarter-wave phasing section can be found 
from the following formula: 

Length of quarter-wave line (feet) = (144) 

Fig. 14-38 — Simple directive-antenna systems. A is a 
two-element end-fire array; B is the same array with 
center feed, which permits use of the array on the second 
harmonic, where it becomes a four-elemeni array with 
quarter-wave spacing. C is a four-element end-lire array 
with 3,g-wave spacing. I) is a simple two-element broad-
side array using extended in-phase antennas ("extended 
double-iepp"). The gain of A and B is slightly over 4 db. 
On the second harmonic, 13 will give about 5-db. gain. 
With C, the gain is approximately 6 db., and with D, 
approximately 3 db. In A, B and C, the phasing line 
contributes about 3i wavelength to the transmission 
line; when B is used on the second harmonic, this 
contribution is % wavelength. Alternatively, the an-
tenna ends may be bent to meet the transmission line, in 
which case each feeder is simply connected to one an-
tenna. In D, points Y. Y indicate a quarter-wave point 
(high current) and X-X a half-wave point (high volt-
age). The line may be extended in multiples of quarter 
waves if resonant feeders are to be used. A, 11 and 
C may be suspended on wooden spreaders. The plane 
containing the wires should be parallel to the ground. 

240 

Freq. (Mc.) 

Example: A quarter-wavelength phasing line 

for 14.25 Mc. would be = 16.84 feet = 16 
14.25 

feet 10 inches. 

If the array is fed in the center it should not be 
necessary to make any particular adjustments, 
although, if desired, the whole system can be 
resonated by connecting an r.f. ammeter in the 
shorting link of each phasing section and mov-
ing the link back and forth to find the maxi-
mum-current position. This refinement is 
hardly necessary in practice, however, so long 
as all elements are the same length and the 
system is symmetrical. 

The phasing sections can be made of 300-
ohm Twin-Lead, if low power is used. How-
ever, the lengths of the phasing sections must 
then be only 84 per cent of the length obtained 
in the two formulas above. 

Example: The half-wavelength line for 28.8 
Mc. would become 0.84 X 16.66 = 13.99 feet = 
14 feet 0 inches. 

Using Twin-Lead for the phasing sections is 
most useful in arrays such as that of Fig. 
14-32B, or any other system in which the ele-
ment spacing is not controlled by the length 
of the phasing section. 

Simple Arrays 

Several simple directive-antenna 
systems using driven elements have 

achieved rather wide use among amateurs. Four 
of these systems are shown in Fig. 14-38. Tuned 
feeders are assumed in all cases; however, a 
matching section readily can be substituted if a 
nonresonant transini›sion line is preferred. Di-
mensions given are in terms of wavelength; 
actual lengths can be calculated from the 
equations for the antenna and from the equa-
tion above for the resonant transmission line 
or matching section. In cases where the trans-
mission line proper connects to the midpoint 
of a phasing line, only half the length of the 
latter should be added to the line to find the 
quarter-wave point. 
At A and B are two-element end-fire arrange-

ments using close spacing. They are electrically 
equivalent; the only difference is in the method 
of connecting the feeders. B may also be used 
on the second harmonic, although the spacing is 
not optimum (Fig. 14-34) for such operation. 
A close-spaced four-element array is shown 

at C. It will give about 2 db. more gain than the 
two-element array. 
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The antenna at D, commonly known as the 

"extended double-Zepp," is designed to take 
advantage of the greater gain possible with 
collinear antennas having greater than half-
wave center-to-center spacing, but without 
introducing feed complications. The elements 
are made longer than a half-wave in order to 
bring this about. The gain is 3 db. over a single 
half-wave antenna, and the broadside direc-
tivity is fairly sharp. . 
The antennas of A and B may be mounted 

either horizontally or vertically; horizontal 

suspension (with the elements in a plane paral-
lel to the ground) is recommended, since this 
tends to give low-angle radiation without an 
unduly sharp horizontal pattern. Thus these 
systems are useful for coverage over a wide 
horizontal angle. The system at C, when 
mounted horizontally, will have a sharper hor-
izontal pattern than the two-element arrays 
because of the effect of the collinear arrange-
ment. The vertical pattern, however, will 
be the same as that of the antennas in A 
and B. 

Directive Arrays with Parasitic Elements 

Parasitic Excitation 

The antenna arrays previously described are 
bidirectional; that is, they will radiate in di-
rections both to the "front" and to the "back" 
of the antenna system. If radiation is wanted 
in only one direction, it is necessary to use 
different element arrangements. In most of these 
arrangements the additional elements receive 
power by induction or radiation from the 
driven element, generally called the "antenna," 
and reradiate it in the proper phase relation-
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Fig. 14-39 — Gain vs. element spacing for an antenna 
and one parasitic element. The reference point, 0 db., is 
the field strength from a half-wave antenna alone. The 
greatest gain is in direction A at spacings of less than 
0.14 wavelength, and in direction B at greater spacings. 
The front-to-back ratio is the difference in db, between 
curves A and B. Variation in radiation resistance of the 
driven element also is shown. These curves are for a self. 
resonant parasitic element. At most spacings the gain as 
a reflector can be increased by slight lengthening of the 
parasitic element; the gain as a director can be increased 
by shortening. This also improves the front-to-hack rat io. 

ship to achieve the desired effect. These ele-
ments are called parasitic elements, as con-
trasted to the driven elements which receive 
power directly from the transmitter through 
the transmission line. 
The parasitic element is called a director 

when it reinforces radiation on a line pointing 
to it from the antenna, and a reflector when the 
reverse is the case. Whether the parasitic ele-
ment is a director or reflector depends upon the 

parasitic-element tuning, which usually is ad-
justed by changing its length. 

Gain vs. Spacing 

The gain of an antenna with parasitic elements 
varies with the spacing and tuning of the ele-
ments, and thus for any given spacing there is a 
tuning condition that will give maximum gain at 
this spacing. The maximum front-to-back ratio 
seldom, if ever, occurs at the same condition that 
gives maximum forward gain. The impedance of 
the driven element also varies with the tuning 
and spacing, and thus the antenna system must be 
tuned to its final condition before the match 
between the line and the antenna can be com-
pleted. However; the tuning and matching may 
interlock to some extent, and it is usually neces-
sary to run through the adjustments several times 
to insure that the best possible tuning has been 
obtained. 

Two-Element Beams 

A 2-element beam is useful where space or 
other considerations prevent the use of the 
larger structure required for a 3-element beam. 
The general practice is to tune the parasitic ele-
ment as a reflector and space it about 0.15 wave-
length from the driven element, although some 
successful antennas have been built with 0.1-
wavelength spacing and director tuning. Gain vs. 
element spacing for a 2-element antenna is given 
in Fig. 14-39, for the special case where the para-
sitic element is resonant, but it is indicative of 
the performance to be expected under maximum-
gain tuning conditions. 

Three-Element Beams 

Where room is available for an over-all length 
greater than 0.2 wavelength, a 3-element beam is 
preferable to one with only 2 elements. Once the 
over-all length has been decided upon, the curves 
of Fig. 14-40 can be used to determine the proper 
spacing of director and reflector. If, for example, 
the distance between director and reflector can be 
made 0.4 wavelength, Fig. 14-40 shows that a 
spacing of 0.2D-0.2R gives a gain of 7.9 db., and a 
spacing of 0.25D-0.15R gives a gain of 8.2 db. 
Obviously the latter is the better choice, although 
the practical difference might be difficult to 
measure, and practical (mechanical) considera-
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984  
length determined by  ) . Thus a wavelength 

e . 
at 14.2 Mc. = 984/14.2 = 69.3 feet. A spacing of 
0.15 wavelength at 14.2 Mc. would be 0.15 X 69.3 = 
10.4 feet = 10 feet 5 inches. 

tions might call for using the more balanced 
0.2D-0.2R construction. 
When the over-all length has been decided 

upon, and the element spacing has been deter-
mined, the element lengths can be found by re-
ferring to Fig. 14-41. It must be remembered that 
the lengths determined by these charts will vary 
slightly in actual practice with the element 
diameter and the method of supporting the ele-
ments, and the tuning of a beam should always 
be checked after installation. However, the 
lengths obtained by the use of the charts will be 
close to correct in practically all cases, and they 
can be used without checking if the beam is 
difficult of access. 
The preferable method for checking the beam 

is by means of a field-strength meter or the 
S-meter of a communications receiver, used in 
conjunction with a half-wave dipole antenna 
located at least 10 wavelengths away and as high 
as or higher than the beam that is being checked. 
A few watts of power fed into the antenna will 
give a useful signal at the observation point, and 
the power input to the transmitter (and hence the 
antenna) should be held constant for all of the 
readings. Beams tuned on the ground and then 
lifted into place are subject to tuning errors and 
cannot be depended upon. The impedance of the 
driven element will vary with the height above 
ground, and good practice dictates that all final 
matching between antenna and line be done with 
the antenna in place at its normal height above 
ground. 

Simple Systems: the Rotary Beam 

Two- and 3-element systems are popular for 
rotary-beam antennas, where the entire antenna 
system is rotated, to permit its gain and direc-

tivity to be utilized for any compass direction. 
They may be mounted either horizontally 
(with the plane containing the elements paral-
lel to the earth) or vertically. 
A 4-element beam will give still more gain 

than a 3-element one, provided the support is 
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Fig. 14-41 - Element lengths for a 3-element beam. 
These lengths will hold closely for tubing elements sup-
ported at or near the center. The radiation resistance 
(D) is useful information in planning for a matching 
system, but it is subject to variation with height above 
ground and must be considered only as an approxima-
tion. 
The driven-element length (C) may require modifica-

tion for tuning out reactance if a T- or gamma-match 
feed system is used, as mentioned in the text. 
A 0.2D-0.21t beam cut for 28.6 Mc. would have a 

director length of 452/28.6 = 15.8 = 15 feet 10 inches, 
a reflector length of 490/28.6 = 17.1 = 17 feet 1 inch, 
and a driven-element length of 470.5/28.6 = 16.45 = 16 
feet 5 inches. 
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sufficient for at least 0.2-wavelength spacing be-
tween elements. The tuning for maximum gain 
involves many variables, and complete gain and 
tuning data are not available. 
The elements in close-spaced (less than one-

quarter wavelength element spacing) arrays 
preferably should be made of tubing of one-
half to one-inch diameter. A conductor of 
large diameter not only has less ohmic re-
sistance but also has lower Q; both these 
factors are important in close-spaced arrays 
because the impedance of the driven element 
usually is quite low compared to that of a 
single half-wave dipole. With 3- and 4-element 
arrays the radiation resistance of the driven 
element may be so low that ohmic losses in the 
conductor can consume an appreciable fraction 
of the power. Low radiation resistance means 
that the antenna will work over only a small 
frequency range without retuning unless large-
diameter conductors are used. 

Feeding Close-Spaced Arrays 

Any of the usual methods of feed may be ap-
plied to the driven element of a parasitic array. 
The preferred methods are shown in Fig. 
14-42. Resonant feeders are not recommended 
for lengths greater than a half-wavelength un-
less open-wire lines of copper-tubing con-
ductors are used. 

Three versions of the popular " T"-match 
are shown, for two-wire lines of Twin-Lead at 
A, for single coaxial line at B, and for double 
coaxial line at C. The match is adjusted by 
moving the shorting bars, keeping them 
equidistant from the center, until the mini-
mum s.w.r. is obtained on the line. If the 
s.w.r. minimum is not 1.5 or less, the trans-
mitter frequency should be shifted to find the 
frequency where the minimum s.w.r. occurs. 
If it is higher than the original test frequency, 
increase the antenna element length slightly. 
The parasitic element lengths taken from Fig. 
14-41 should not require much adjustment unless 
considerably different spacing is used, but it may 
be necessary to change the position of the short-
ing bars and the length of the antenna element 
once or twice before the s.w.r. at the test fre-
quency is acceptable. The matching section may 
be made of the same type of conductor as the 
element and spaced a few inches from it. The 
length of the matching section will be greater 
with higher-impedance lines and with wider 
element spacing. A good starting point for a 
28-Mc. wide-spaced (0.2D-0.15R) beam fed 
with 300-ohm Twin-Lead is 28 inches each side 
of center. A similar antenna and line on 14 Mc. 
might require about 56 inches each side. 
The gamma match, shown in Fig. 14-42D, 

can be considered as one-half a " T"-match, 
and the same principles hold. However, when 
the length of the element is changed, in an ef-
fort to minimize the s.w.r., only the side to 
which the movable bar is connected should be 
changed — the other side should remain at 
one-half the length obtained from Fig. 14-41. 

(A) 
'wo-wire 

line 

 1_1 

Movable 
eroding 

bars 

(B) 

(C) 

'Coaxial line 

(Center 

¡Coaxial lines 

(D) 

(E) 

\ 

Center of 
antenna 

_a—Coaxial line' 

(F) 

,-- Two- wire line 

tri  

(G) I[-Two—wire line 
Fig. 14-42 — Recommended methods of feeding the 
driven antenna element in close-spaced parasitic arrays. 
The parasitic elements are not shown. A, B, C, "T"-
match; D, "gamma" match; E, delta matching trans-
former; F, coaxial-line quarter-wave matching section; 
G, folded dipole. Adjustment details are discussed in the 
text. 

With 52-ohm coaxial line feed, the length of 
the matching element may run around 15 to 
20 inches in a 28-Mc, beam, and twice this 
value in a 14-Mc. array. 
An alternative to adjusting the element length 

for tuning out the residual reactance is to use a 
small variable condenser in series at the junction 
of the coaxial-cable inner conductor and the 
matching section of the gamma match. A small 
140-japfd. receiving-type variable is adequate at 
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powers of a few hundred watts, and it can be 
weatherproofed by mounting it in a small plastic 
cup or other housing. The T-match of Figs. 
14-42 A, B or C would require two condensers, 
one in each side. 
The delta matching transformer shown at E 

is probably easier to install, mechanically, 
than any of the others. The positions of the 
taps (dimension a) must be determined ex-
perimentally, along with the length, b, by 
checking the standing-wave ratio on the line 
as adjustments are made. Dimension b should 
be about 15 per cent longer than a. 
The coaxial-line matching section at F 

will work with fair accuracy into a close-spaced 
parasitic array of 2, 3 or 4 elements without 
necessity for adjustment. The line is used as 
a quarter-wavelength transformer, and, if its 
characteristic impedance is 70 ohms (RG-
11/U), it will give a good match to a 600-ohm 
line when the resistance at the termination is 
about 8.5 ohms. Over a range of 5 to 15 ohms 
the mismatch, and therefore the standing-
wave ratio, will be less than 2-to- 1. The length 
of the quarter-wave section may be calculated 
from 

246V 
Length (feet) — 

where V = Velocity factor 
f = Frequency in Mc. 

Example: A quarter-ware transformer of RG-11/U 
is to be used at 28.7 Mc. From the table in Chapter 
Thirteen, V = 0.66. 

Length = 246 X 0.66 = 5.67 feet 

28.7 

(14—J) 

= 5 feet 8 inches 

The folded-dipole antenna, Fig. 14-42G, 
presents a good match for the line when 
properly designed. Details are given in Chap-
ter Thirteen. Different impedance step-up 
ratios can be obtained by varying the number 
of conductors or their diameter ratio. 

Sharpness of Resonance 

Peak performance of a multielement para-
sitic array depends upon proper phasing or 
tuning of the elements, which can be exact for 
one frequency only. In the case of close-spaced 
arrays, which because of the low radiation 
resistance usually are quite sharp-tuning, the 
frequency range over which optimum results 
can be secured is only of the order of 1 or 2 
per cent of the resonant frequency, or up to 
about 500 kc. at 28 Mc. However, the antenna 
can be made to work satisfactorily over a 
wider frequency range by adjusting the dire-
tor or directors to give maximum gain at the 
highest frequency to be covered, and by ad-
justing the reflector to give optimum gain at 
the lowest frequency. This sacrifices some gain 
at all frequencies, but maintains more uniform 
gain over a wider frequency range. 

As mentioned in the preceding paragraphs, 
the use of large-diameter conductors will 
broaden the response curve of an array be-

cause the larger diameter lowers the Q. Phis 
causes the reactances of the elements to change 
rather slowly with frequency, with the result 
that the tuning stays near the optimum over 
a considerably wider frequency range than is 
the case with wire conductors. 

Combination Arrays 

It is possible to combine parasitic elements 
with driven elements to form arrays composed 
of collinear driven and parasitic elements and 
combination broadside-collinear-parasitic ele-
ments. Thus two or more collinear elements 
might be provided with a collinear reflector or 
director set, one parasitic element to each 
driven element. Or both directors and reflec-
tors might be used. A broadside-collinear array 
could be treated in the same fashion. 
When combination arrays are built up, a 

rough approximation of the gain to be ex-
pected may be obtained by adding the gains 
for each type of combination. Thus the gain of 
two broadside sets of four collinear arrays with 
a set of reflectors, one behind each element, at 
quarter-wave spacing for the parasitic ele-
ments, would be estimated as follows: From 
Table 14-III, the gain of four collinear elements 
is 4.5 db. with half-wave spacing; from Fig. 
14-34 or Table 14- IV, the gain of two broadside 
elements at half-wave spacing is 4.0 db.; from 
Fig. 14-40, the gain of a parasitic reflector at 
quarter-wave spacing is 4.5 db. The total gain 
is then the sum, or 13 db. for the sixteen ele-
ments. Note that it makes no difference in the 
final result if the array is considered as a 
grouping of several sets of antennas plus re-
flectors or as an array of antennas plus an array 
of reflectors. The actual gain of the combination 
array will depend, in practice, upon the way 
in which the power is distributed between the 
various elements and upon the effect which 
mutual coupling between elements has upon 
the radiation resistance of the array, and may 
be somewhat higher or lower than the estimate. 
A great many directive-antenna combina-

tions can be worked out by combining ele-
ments according to these principles. 

• RECEIVING ANTENNAS 
Nearly all of the properties possessed by an 

antenna as a radiator also apply when it is 
used for reception. Current and voltage dis-
tribution, impedance, resistance and direc-
tional characteristics are the same in a receiv-
ing antenna as if it were used as a transmitting 
antenna. This reciprocal behavior makes pos-
sible the design of a receiving antenna of 
optimum performance based on the same 
considerations that have been discussed for 
transmitting antennas. 
The simplest receiving antenna is a wire of 

random length. The longer and higher the wire, 
the more energy it abstracts from the wave. Be-

-cause of the high sensitivity of modern receivers, 
sometimes only a short length of wire strung 
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around the room is used for a receiving antenna, 
but such an antenna cannot be expected to give 
good performance, although it is adequate for 
loud signals on the 3.5- and 7-Mc. bands. It will 
serve in emergencies, but a longer wire outdoors 
is always better. 
The use of a tuned antenna improves the 

operation of the receiver, however, because the 
signal strength is raised more in proportion to 
the stray noises picked up than is the case 
with wires of random length. Since the trans-
mitting antenna usually is given the best loca-
tion, it can also be expected to serve best for 
receiving. This is especially true when a direc-
tive antenna is used, since the directional ef-
fects and power gain of directive transmitting 
antennas are the same for receiving as for 
transmitting. 

In selecting a directional receiving antenna it 
is preferable to choose a type that gives very 
little response in all but the desired direction 
(small minor lobes). This is even more impor-
tant than high gain in the desired direction, 
because the cumulative response to noise and 

unwanted-signal interference in the smaller 
lobes may offset the advantage of increased 
desired-signal gain. The feed line from the an-
tenna should be balanced so that it will not 
pick up signals and thus greatly reduce the 
directivity effects. 

Antenna Switching 

Switching of the antenna from receiver to 
transmitter is commonly done with a change-
over relay, connected in the antenna leads or 
the coupling link from the antenna tuner. 
If the relay is one with a 115-volt a.c. coil, the 
switch or relay that controls the transmitter 
plate power will also control the antenna relay. 
If the convenience of a relay is not desired, 
porcelain knife switches can be used and 
thrown by hand. 

Typical arrangements are shown in Fig. 
14-43. If coaxial line is used, the use of a 
coaxial relay is recommended, although on the 
lower-frequency bands a regular switch or 
change-over relay will work almost as well. 

Antenna Construction 
The use of good materials in the antenna 

system is important, since the antenna is 
exposed to wind and weather. To keep elec-
trical losses low, the wires in the antenna and 
feeder system must have good conductivity 
and the insulators must have low dielectric loss 
and surface leakage, particularly when wet. 

For short antennas, No. 14 gauge hard-drawn 
enameled copper wire is a satisfactory conduc-
tor. For long antennas and directive arrays, 
No. 14 or No. 12 enameled copper-clad steel 
wire should be used. It is best to make feeders 
and matching stubs of ordinary soft-drawn No. 

14 or No. 12 enameled copper wire, since hard-
drawn or copper-clad steel wire is difficult to 
handle unless it is under considerable tension 
at all times. The wires should be all in one piece; 
where a joint cannot be avoided, it should be 
carefully soldered. 

In building a two-wire open line, the 
spacer insulation should be of as good quality 
as in the antenna insulators proper. For this 
reason, good ceramic spacers are advisable. 
Wooden dowels boiled in paraffin may be used 
with untuned lines, but their use is not recom-
mended for tuned lines. The wooden dowels 
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cim be attached to the feeder wires by drilling 
small holes and binding them to the feeders 
with wire. 
At points of maximum voltage, insulation is 

most important, and Pyrex glass, Isolantite or 
Steatite insulators with long leakage paths are 
recommended for the antenna. Glazed porce-
lain also is satisfactory. Insulators should be 
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Fig.1441— Details ola simple 40-foot "A"-frame mast 
suitable for erection in locations where space is limited. 

cleaned once or twice a year, especially if they 
are subjected to much smoke and soot. 

In most cases poles or masts are desirable 
to lift the antenna clear of surrounding build-
ings, although in some locations the antenna 
will be sufficiently in the clear when strung 
from one chimney to another or from a house-
top to a tree. Small trees usually are not satis-
factory as points of suspension for the antenna 
because of their movement in windy weather. 
If the antenna is strung from a point near 
the center of the trunk of a large tree, this 
difficulty is not so serious. Where the antenna 
wire must be strung from one of the smaller 
branches, it is best to tie a pulley firmly to the 
branch and run a rope through the pulley to 
the antenna, with the other end of the rope at-
tached to a counterweight near the ground. 
The counterweight will keep the tension on the 
antenna wire reasonably constant even when 
the branches sway or the rope tightens and 
stretches with varying climatic conditions. 

Telephone poles, if they can be purchased 
and installed economically, make excellent 
supports because they do not ordinarily re-
quire guying in heights up to 40 feet or so. 
Many low-cost television-antenna supports 
are now available, and they should not be 
overlooked as possible antenna aids. 

CHAPTER 14 

• "A"-FRAME MAST 
The simple and inexpensive mast shown i n 

Fig. 14-44 is satisfactory for heights up to 
35 or 40 feet. Clear, sound lumber should 
be selected. The completed mast may be pro-
tected by two or three coats of house paint. 

If the mast is to be erected on the ground, a 
couple of stakes should be driven to keel) the 
bottom from slipping and it may then be 
"walked up" by a pair of helpers. If it is to go 
on a roof, first stand it up against the side of 
the building and then hoist it from the roof, 
keeping it vertical. The whole assembly is light 
enough for two men to perform the complete 
operation — lifting the mast, carrying it to its 
permanent berth, and fastening the guys — 
with the mast vertical all the while. It is en-
tirely practicable, therefore, to erect this type 
of mast on any small, flat area of roof. 
By using 2 X 3s or 2 X 4s, the height may 

be extended up to about 50 feet. The 2 X 2 is 
too flexible to be satisfactory at such heights. 

• SIMPLE 40-FOOT MAST 
The mast shown in Fig. 14-45 is relatively 

strong, easy to construct, readily dismantled, 
and costs very little. Like the " A "-frame, it is 
suitable for heights of the order of 40 feet. 
The top section is a single 2 X 3, bolted at 

the bottom between a pair of 2 X 3s with an 
overlap of about two feet. The lower section 
thus has two legs spaced the width of the nar-
row side of a 2 X 3. At the bottom the two 

>V1 
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Fig. 14-45— A simple 
and sturdy mast for 
heights in the vicinity 
of 40 feet, pivoted at 
the base for easy erec-
tion. The height can 
be extended to 50 feet 
or more by using 2 X 
4s instead of 2 X 3s. 
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legs are bolted to a length of 2 X 4 which is 
set in the ground. A short length of 2 X 3 is 
placed between the two legs about halfway up 
the bottom section, to maintain the spacing. 
The two back guys at the top pull against 

the antenna, while the three lower guys pre-
vent buckling at the center of the pole. 

Fig. 1446— Using a lever for twisting heavy guy wires. 

The 2 X 4 section should be set in the ground 
so that it faces the proper direction, and then 
made vertical by lining it up with a plumb bob. 
The holes for the bolts should be drilled before-
hand. With the lower section laid on the 
ground, bolt A should be slipped in place 
through the three pieces of wood and tightened 
just enough so that the section can turn freely 
on the bolt. Then the top section may be bolted 
in place and the mast pushed up, using a ladder 
or another 20-foot 2 X 3 for the job. As the 
mast goes up, the slack in the guys can be taken 
up so that the whole structure is in some meas-
ure continually supported. When the mast is 
vertical, bolt B should be slipped in place and 
both A and B tightened. The lower guys can 
then be given a final tightening, leaving those 
at the top a little slack until the antenna is 
pulled up, when they should be adjusted to pull 
the top section into line. 

• GUYS AND GUY ANCHORS 

For masts or poles up to about 50 feet, No. 
12 iron wire is a satisfactory guy-wire material. 
Heavier wire or stranded cable may be used for 
taller poles or poles installed in locations where 
the wind velocity is high. 
More than three guy wires in any one set 

usually are unnecessary. If a horizontal an-
tenna is to be supported, two guy wires in the 
top set will be sufficient in most cases. These 
should run to the rear of the mast about 100 
degrees apart to offset the pull of the antenna. 
Intermediate guys should be used in sets of 
three, one running in a direction opposite to 
that of the antenna, while the other two are 
spaced 120 degrees either side. This leaves a 
clear space under the antenna. The guy wires 
should be adjusted to pull the pole slightly 
back from vertical before the antenna is hoisted 
so that when the antenna is pulled up tight the 
mast will be straight. 

When raising a mast that is big enough to 
tax the facilities available, it is some advantage 
to know nearly exactly the length of the guys. 
Those on the side on which the pole is lying can 
then be fastened temporarily to the anchors 
beforehand, which assures that when the pole is 
raised, those holding opposite guys will be 
able to pull it into nearly-vertical position with 
no danger of its getting out of control. The guy 
lengths can be figured by the right-angled-
triangle rule that " the sum of the squares of 
the two sides is equal to the square of the 
hypotenuse." In other words, the distance from 
the base of the pole to the anchor should be 
measured and squared. To this should be 
added the square of the pole length to the 
point where the guy is fastened. The square 
root of this sum will be the length of the guy. 
Guy wires should be broken up by strain 

insulators, to avoid the possibility of resonance 
at the transmitting frequency. Common prac-
tice is to insert an insulator near the top of 
each guy, within a few feet of the pole, and 
then cut each section of wire between the 
insulators to a length which will not be 
resonant either on the fundamental or har-
monics. An insulator every 25 feet will be 
satisfactory for frequencies up to 30 Mc. The 
insulators should be of the "egg" type with 
the insulating material under compression, so 
that the guy will not part if the insulator breaks. 

Twisting guy wires onto "egg" insulators may 
be a tedious job if the guy wires are long and of 
large gauge. The simple time- and finger-saving 
device shown in Fig. 14-46 can be made from a 
piece of heavy iron or steel by drilling a hole 
about twice the diameter of the guy wire about a 
half inch from one end of the piece. The wire is 
passed through the insulator, given a single turn 
by hand, and then held with a pair of pliers at 
the point shown in the sketch. By passing the 
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Fig. 1447 — Pipe 
guy anchors. One 
pipe is sufficient 
for small masts, 
hut two installed 
as shown will pro-
vide the additional 
strength required 
for the larger poles. 

wire through the hole in the iron and rotating the 
iron as shown, the wire may be quickly and neatly 
twisted. 
Guy wires may be anchored to a tree or 

building when they happen to be in convenient 
spots. For small poles, a 6-foot length of 1-inch 
pipe driven into the ground at an angle will 
suffice. Additional bracing will be provided by 
using two pipes, as shown in Fig. 14-47. 

• HALYARDS AND PULLEYS 
Halyards or ropes and pulleys are important 

items in the antenna-supporting system. Par-
ticular attention should be directed toward the 
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choice of a pulley and halyards for a high 
mast since replacement, once the mast is 
in position, may be a major undertaking if 
not entirely impossible. 

Galvanized-iron pulleys will have a life 
of only a year or so. Especially for coastal-
area installations, marine-type pulleys 
with hardwood blocks and bronze wheels 
and bearings should be used. 
For short antennas and temporary in-

stallations, heavy clothesline or window-
sash cord may be used. However, for more 
permanent jobs, /-inch or M-inch water-
proof hemp rope should be used. Even this 
should be replaced about once a year to 
insure against breakage. 
Nylon rope, used during the war as 

glider tow rope, is, of course, one of the best 
materials for halyards, since it is weatherproof 
and has extremely long life. 

It is advisable to carry the pulley rope back 
up to the top in ' endless" fashion in the manner 

Fig. 14-48 — An an-
tenna lead-in panel 
may be placed over the 
top sash or under the 
lower sash of a window. 
Substituting a smaller 
height sash in half the 
window will simplify 
the weatherproofing 
problem where the sash 
overlap. 

of a flag hoist so that if the antenna breaks close 
to the pole, there will be a means for pulling 
the hoisting rope back down. 

• BRINGING THE ANTENNA OR 
FEED LINE INTO THE STATION 

Thu antenna, or transmission line should be 
anchored to the outside wall of the building, as 
shown in Fig. 14-49, to remove strain from the 
lead-in insulators. Holes cut through the walls 
of the building and fitted with feed-through 
insulators are undoubtedly the best means of 
bringing the line into the station. The holes 
should have plenty of air clearance about the 
conducting rod, especially when using tuned 
lines that develop high voltages. Probably 
the best place to go through the walls is the 
trimming board at the top or bottom of a win-
dow frame which provides flat surfaces for 
lead-in insulators. Either cement or rubber 
gaskets may be used to waterproof the exposed 
joints. 

Where such a procedure is not permissible, 
the window itself usually offers the best oppor-
tunity. One satisfactory method is to drill 
holes in the glass near the top of the upper sash. 
If the glass is replaced by plate glass, a stronger 
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Fig. 1449 — A — Anchoring feeders takes the strain from feed. 
through insulators or window glass. 13 — Going through a 
full-length screen, a cleat is fastened to the frame of the screen 
on the inside. Clearance holes are cut in the cleat and also in 
the screen. 

job will result. Plate glass may be obtained 
from automobile junk yards and drilled before 
placing in the frame. The glass itself provides 
insulation and the transmission line may be 
fastened to bolts fitting the holes. Rubber 
gaskets will render the holes waterproof. The 
lower sash should be provided with stops to 
prevent damage when it is raised. If the win-
dow has a full-length screen, the scheme shown 
in Fig. 14-49B may be used. 
As a less permanent method, the window may 

be raised from the bottom or lowered from the 
top to permit insertion of a board which carries 
the feed-through insulators. This lead-in arrange-
ment can be made weatherproof by making an 
overlapping joint between the board and window 
sash, as shown in Fig. 14-48. 

• LIGHTNING PROTECTION 
An ungrounded radio antenna, particularly if 

large and well elevated, is a lightning hazard. 

5.01 
A 

Fig. 14-50 — Low-loss ligl tning arresters for transmit-
ting-antenna installations. 
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When grounded, it provides a measure of pro-
tection. Therefore, grounding switches or light-
ning arresters should be provided. Examples of 
construction of low-loss arresters are shown in 
Fig. 14-50. At A, the arrester electrodes are 
mounted by means of stand-off insulators on a 
fireproof asbestos board. At B, the electrodes 
are enclosed in a standard steel outlet box. 
The gaps should be made as small as possible 
without danger of breakdown during operation. 

Lightning-arrester systems require the best 
ground connection obtainable. 
The most positive protection is to ground 

the antenna system when it is not tn use; 
grounded flexible wires provided with clips for 
connection to the feeder wires may be used. 
The ground lead should be of short length and 
run, if possible, directly to a driven pipe or water 
pipe where it enters the ground outside the build-
ing. 

Rotary-Beam Construction 

It is a distinct advantage to be able to shift 
the direction of a beam antenna at will, thus 
securing the benefits of power gain and direc-
tivity in any desired compass direction. A 
favorite method of doing this is to construct 
the antenna so that it can be rotated in the 
horizontal plane. The use of such rotatable 
antennas is usually limited to the higher fre-
quencies — 14 Mc. and above — and to the 
simpler antenna-element combinations if the 
structure size is to be kept within practicable 
bounds, l'or the 14-, 21- and 28-Mc, bands such 
antennas usually consist of two to four ele-
ments and are of the parasitic-array type de-
scribed earlier in this chapter. At 50 Mc. and 
higher it becomes possible to use more elabo-
rate arrays because of the shorter wavelength 
and thus obtain still higher gain. Antennas for 
these bands are described in another chapter. 
The problems in rotary-beam construction 

are those of providing a suitable mechanical 
support for the antenna elements, furnishing 
a means of rotation, and attaching the trans-
mission line so that it does not interfere with 
the rotation of the system. 

Elements 

The antenna elements usually are made of 
metal tubing so that they will be at least 
partially self-supporting, thus simplifying the 
supporting structure. The large diameter of 
the conductor is beneficial also in reducing 
resistance, which becomes an important con-
sideration when close-spaced elements are used. 

Dural tubes often are used for the elements, 
and thin-walled corrugated steel tubes with 
copper coating also are available for this pur-
pose. The elements frequently are constructed 
of sections of telescoping tubing making length 
adjustments for tuning quite easy. Electri-
cian's thin-walled conduit also is suitable for 
rotary-beam elements. 

If steel elements are used, special precautions 
should be taken to prevent rusting. Even cop-
per-coated steel does not stand up indefi-
nitely, since the coating usually is too thin. 
The elements should be coated both inside and 
out with slow-drying aluminum paint. For 
coating the inside, a spray gun may be used, 
or the paint may be poured in one end while 
rotating the tubing. The excess paint may be 
caught as it comes out the bottom end and 

poured through again until it is certain that 
the entire inside wall has been covered. The 
ends should then be plugged up with corks 
sealed with glyptal varnish. 

Supports 

The supporting framework for a rotary 
beam usually is made of wood or metal, using 
as lightweight construction as is consistent 
with the required strength. Generally, the 
frame is not required to hold much weight, 
but it must be extensive enough so that the 
antenna elements can be supported without ex-
cessive sag, and it must have sufficient strength 
to stand up under the maximum wind in the 
locality. The design of the frame will depend on 
the size and strength of the elements, whether 
they are mounted horizontally or vertically, 
and the method used to rotate the antenna. 
The general preference is for horizontal 

polarization, primarily because less height is 
required to clear surrounding obstructions 
when all the antenna elements are in the 
horizontal plane. This is important at 14 and 
21 Mc. where the elements are fairly long. 
The support may be coupled to the pole by 

any convenient means which permits rotation 
or, alternatively, it may be firmly fastened to 
the pole and the latter rotated in bearings af-
fixed to the side of the house. 

Fig. 14-51 — A ladder-supported 3-element 28- Mc. 
beam. It is mounted on a pipe mast that projects 
through a bearing in the roof and is turned from the 
attic operating room. (NV 111111K in August, 1946, QST.) 
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One type of construction is shown in Fig. 

14-51. It uses a section of ordinary ladder as 
the main support, with crosspieces to hold the 
tubing antenna elements. 

Metal can be used to support the elements 
of the rotary beam. For 28 Mc., a piece of 2-
inch diameter duraluminum tubing makes a 
good " boom" for supporting the elements. 
The elements can be made to slide through 
suitable holes in the boom, or special clamps 
and brackets can be fashioned to support the 
elements. Fit tings for TV antennas can often be 
used on 28- Mc. beams. 

With all-metal construction, delta, "gainma" 
or " T"-niatch are the only practical matching 
methods to use to the line, since anything else 
requires opening the driven element at the 
center, and this complicates the support prob-
lema for that element. 

A Wooden Boom for 14 Mc. 

Many amateurs prefer to build their beam 
booms from standard pieces of lumber, and 
the beam shown in Figs. 14-52 and 14-53 is 
an example of excellent design in wooden-boom 
construction. The boom members are two 20-
foot 2 X 4s fastened to the 4 X 12 X 24-inch 
center block with six lag screws. The two 
center screws serve as the axis for tilting — 
the ot her four lock the boom in position after 

Fig. 14-52 — A wooden boom for a 1-element 
boom can be made quite strong by judicious use of guy 
wires. This installation is made on a windmill tower, 
and the drive motor is mounted halfway down on the 
tower. (W6MJB, Nov., 1947, QST.) 
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final assembly and adjustment have been com-
pleted. The blocks midway from each end are 
2 X 4s spaced about six inches apart, with a 
long bolt between them. When this bolt is 
drawn tight, a very st tally box brace is formed. 
The crossarms are 3 X 3s twelve feet long, 
bolted to the boom with carriage bolts. 
The umbrella guys should have turnbuckles 

in them, and the guys are fastened to the center 
support after the beam has been permanently 
locked in its horizontal position. With the turn-
buckles properly adjusted, there will be no sag 
in the boom and the elements will be neat. 
The elements are 1 /8- and 1M-inch diameter 

duraluminum tubing, supported by 1M-inch 
stand-off insulators. Hose clamps are used to 
hold the elements on the insulators. Final 
adjustment of element lengths is possible 
through "hairpin" loops. The tower for the 
beam shown in Fig. 14-52 was a Sears-Roebuck 
windmill tower. The driving motor for the 
beam was located halfway down the tower, the 
torque being transmitted through a length of 
1M-inch drive shaft. A pipe flange is welded 
to the drive shaft and bolted to the center 
block. A cone bearing is obtained by turning 
both the flange and a sleeve of 2-inch pipe to 
match, as shown in Fig. 14-53. 
One method of matching the line to the an-

tenna is to use a quarter wavelength of 75-ohm 
Twin-Lead between the radiator and the slip-
ring contacts, to match a 600-ohm line from the 
slip rings to the transmitter. 
A 600-ohm open-wire line is run to a point 

about halfway up on the tower, then up the side 
of the tower to the slip rings. The slip rings are 
mounted on the top of the tower, directly under 
the center block. A quarter-wavelength matching 
section of transmitting-type 75-ohm Amphenol 
Twin-Lead hangs in a loop between the driven 
element and the slip-ring contacts. 

"Plumber's-Delight" Construction 

The lightest beam to build is the so-called 
-plumber's delight" — an array constructed en-
tirely of metal, with no insulating members be-
tween the elements and the supporting structure. 
Suggested constructional details are shown in 
Figs. 14-54, 14-55, 14-56, 14-57 and 14-58. 
The boom can be built of two lengths of 3-inch 

diameter 61S-T6 dural tubing of 0.072-inch wall 
thickness, as shown in Fig. 14-54. The two sec-
tions are spliced together with a three-foot length 
of 6 X 6 oak, turned down at each end to fit 
inside the tubing. The center of the block is left 
square to provide a flat surface to attach to the 
vertical rotating pipe. At each extremity of this 
boom is cut a hole the exact diameter of the 
parasitic elements. A two-foot length of 3%-inch 
pipe, complete with flange mounting plate, is 
bolted to the top surface of the oak block, and a 
single guy wire is run to each end of the boom. 
An egg insulator and a turnbuckle are placed in 
each guy. The turnbuckles should be tightened 
until there is no sag in the boom when it is sup-
ported at the center, and then safety-wired. 
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Finally the center block should be 
given a good coat of paint or 
varnish. 
The elements can be made of 

three 12-foot lengths of durai tub-
ing, the two outside lengths tele-
scoping inside the center section. 
The ends of the center section 
should be slotted for a distance of 
about 4 inches with a hack saw, 
but it is advisable to do the slot-
ting after the center sections have 
been assembled on the boom. The 
parasitic-element center sections 
are fastened to the boom with 

-inch bolts, as shown in Fig. 
14-55, while the driven element is 
secured in a cradle made of half 
sections of iron pipe welded to-
gether, as shown in Fig. 14-56. 
The cradle is bolted to the boom 
with three 5-inch bolts, and the 
driven element is held fast with 
two bolts or with adjustable air-
craft-tubing clamps. 
The feed line for the antenna 

can be any balanced line, of from 
200 to 600 ohms impedance, and 
it is most conveniently coupled 
through a "T"-match. This "T"-
match assembly can be made from 
two 4-foot lengths of dural tub-
ing joined together by a piece of 
broomstick, as shown in Fig. 14-58. 
The "T" is connected to the an-
tenna by two clamps fashioned of 
1-inch-wide brass strip. 
A convenient method for sup-

porting the boom atop the pipe 
used to rotate the beam is shown 
in Fig. 14-57. A "U"-channel into 
which the boom will fit is welded 
to the end of the pipe. Holes are 
drilled in the side of the channel 
corresponding to holes in the 
boom. The boom is hoisted up and 
positioned between the two flanges and a bolt 
run through the flanges and the boom. The boom 
can then be swung into a horizontal position and 
the second bolt put in place. 
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Fig. 14-53 — Details of the wooden boom, its method of support and the 
construction of the slip rings. 

Feeder Connections 

For beams that rotate only 360 degrees, it is 
common to bring off feeders by making a short 
section of the feeder, just where it leaves the 

Hole for 
parasitic 
element 

Fig. 14-54 — The boom is made of two 10-foot lengths of durai tubing 
slipped over a 3-foot oak block and held in place with 2-inch wood 
screws. Guy wires from the center add strength to the boom structure. 

rotating member, of flexible wire. Enough slack 
should be left so that there is no danger of break-
ing or twisting. Stops should be placed on the 
rotating shaft of the antenna so that it will be 
impossible for the feeders to "wind up." 

l'or continuous rotation, the sliding contact is 
simple and, when properly built, quite practica-
ble. The chief points to keep in mind are that 
the contact surfaces should be wide enough to 

take care of wobble in the rotating 
shaft, and that the contact sur-
faces should be kept clean. Spring 
contacts are essential, and an "um-
brella" or other scheme for keeping 
rain off the contacts is a desirable 
addition. Sliding contacts prefer-
ably should be used with non-
resonant open-wire lines, so that 
the line current is low. 
The possibility of poor connec-

to' length 
tabin9 
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Fig. 14-55 — The center element section is held in the 
bo lllll with a %.211 machine screw, nut and lock washer. 
The guy wire attaches to the head of the bolt. 

tions in sliding contacts can be avoided by using 
inductive coupling at the antenna, with one coil 
rotating on the antenna and the other fixed in 
position, the two coils being arranged so that the 
coupling does not change when the antenna is 
rotated. A quarter-wave feeder system is con-
nected to a tuned pick-up circuit whose induct-
ance is coupled to a link. The link coil connects 
to a twisted-pair transmission line, but any type 
of line such as flexible coaxial cable can be used. 
The circuit would be adjusted in the same way 
as any link-coupled circuit, and the number of 
turns in the link should be varied to give proper 
loading on the transmitter. The rotating coupling 
circuit tunes to the transmitting frequency. The 
system is equivalent to a link-coupled antenna 
tuner mounted on the pole, using a parallel-tuned 
tank at the end of a quarter-wave line to center-

,— 10 hi element 
F--•I • 

weld 

• 

'-fit boom 

Fig. 14-56 — The clamp for the driven element is made 
by splitting 1-foot lengths of iron pipe and welding them 
as shown. 

feed the antenna. For constant coupling, the two 
coils should be rigid and the pole should rotate 
without wobble. The two coils might be made a 
part of the upper bearing assembly holding the 
rotating pole in position. 
There are other variations of the inductive-

coupled system. The tuned circuit might, for 
instance, be placed at the end of a 600-ohm line, 
and a one-turn link used to couple directly to the 
center of the antenna, if the construction of the 
rotary member permits. In this case the coupling 
can be varied by changing the L/ C ratio in the 
tuned circuit. For mechanical strength the cou-
pling coils preferably should be made of 34-inch 
copper tubing, well braced with insulating strips 
to keep them rigid. 

Rotation 

It is convenient but not essential to use a 
motor to rotate the beam. If a rope-and-
pulley arrangement can be brought into the 
operating room or if the pole can be mounted 
near a window in the operating room, hand 
rotation of the beam will work. 

If the use of a rope and pulleys is im-
practicable, motor drive is about the only 
alternative. There are several complete 
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motor driven rotators on the market, and they 
are easy to mount, convenient to use, and require 
little or no maintenance. Generally speaking, 
light-weight units are better because they re-
duce the load on the mast or tower. 
The speed of rotation should not be too 

great — one or two r.p.m. is about right. This 

Bottom of channel 
cut out at both ends 
for boom to slip into 
bolt holes while 
it is still vertical 

Fig. 14-57 — The mounting plate is made from a 
length of "'U--channel iron cut and drilled as shown. 
The boom is raised vertically until one set of bolt holes 
is in line and a bolt is slipped through. 'I'he boom is then 
swung into its horizontal position and the other bolt is 
put in place. 

requires a considerable gear reduction from 
the usual 1750-r.p.m. speed of small induction 
motors; a large reduction is advantageous 
because the gear train will prevent the beam 
from turning in weather-vane fashion in a 
wind. The usual beam does not require a great 
deal of power for rotation at slow speed, and a 
A-hp. motor will be ample. A reversible motor 
should be used so that it will not be necessary 
to go through nearly 360 degrees to bring the 
beam back to a direction only slightly differ-
ent, but in the opposite direction of rotation, 
to the direction to which it may be pointed at 
the moment. In cases where the pole is sta-
tionary and only the supporting framework 
rotates, it will be necessary to mount the motor 
and gear train in a housing on or near the top 
of the pole. If the pole rotates, the motor can 
be installed in a more accessible location. 
Driving motors and gear housings will stand 

the weather better if given a coat of aluminum 
paint followed by two coats of enamel and a coat 
of glyptal varnish. Even commercial units will 
last longer if treated with glyptal varnish. Be 
sure that the surfaces are clean and free from 
grease before painting. Grease can be removed 
by brushing with kerosene and then squirting 
the surface with a solid stream of water. The 
work can then be wiped dry with a rag. 
The power and control leads to the rotator 

should be run in electrical conduit or in lead 
covering, and the metal should be grounded. 

oak dowel 
bolts 

feed line I" dural tube 
4' /my 

Fig. 14-58 — Details of the "T"-match assembly. 
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About V.H.F. 
While it is possible to use the frequencies 

above 30 Mc. without knowing anything about 
wave propagation, the amateur who under-
stands something of the means by which his 
signals reach distant points will be able to do a 
better job of it. Because much of the pleasure 

and satisfaction to be derived from v.h.f. work 
lie in making the best possible use of propaga-
tion vagaries associated with natural phenom-
ena, a working knowledge of the basic princi-
ples of wave propagation is a most useful tool 
for the v.h.f. operator. 

Characteristics of the Bands Above 50 Mc. 
The assignments from 50 Mc. up are su-

perior to our lower bands in one outstanding 
respect: their ability to provide interference-
free communication consistently within a lim-
ited service area. Lower frequencies are more 
subject to varying conditions that impair their 
effectiveness for work over a radius of 100 miles 
or less at least part of the time, and the heavy 
occupancy they support creates a continuing 
interference problem. Our v.h.f. bands, on the 
other hand, are seldom crowded, and their 
characteristics for local work are more stable. 
Because of these attributes the 50- and 144- Mc. 
bands, particularly, enjoy considerable popu-
larity in areas where there are dense concen-
trations of population. 

In addition, it has been found that there are 
several media by which v.h.f. signals are prop-
agated beyond the local range, and operation 
on the v.h.f. bands has been taken up by 
many operators who must depend almost en-
tirely on " DX" for their contacts. The latter 
group, particularly, will benefit from a famil-
iarity with common propagation phenomena. 
The material to follow is intended to supple-
ment the more detailed information in Chapter 
Four, dealing wit h wave propagation as it affects 
the world above 50 Mc. 

50 to 54 Mc. 

This band is borderline territory between the 
frequencies regularly used for long-distance 
communication and those normally employed 
for local work. Thus just about every form of 
wave propagation to be found throughout the 
radio spectrum will appear, on occasion, in the 
50-Mc. region. This diversity has contributed 
greatly to the growing popularity of the 50-Mc. 
band in the amateur picture. 

During the peak years of the sunspot cy-
cle it is occasionally possible to work 50-Mc. 
DX of worldwide proportions, by reflection 
of signals from the F2 layer. Sporadic-E skip 
provides opportunities for work over distances 
from 400 to 2500 miles or so during the early 

summer months, regardless of the solar cy-
cle. Reflection from the aurora regions ac-
counts for communication over 100 to 600-mile 
paths during pronounced ionospheric disturb-
ances. The ever-changing weather pattern 
offers frequent opportunities for extension of 
the normal coverage to as much as 300 miles. 
This tropospheric condition develops most 
often during the warmer months, but may oc-
cur at any season. In the absence of any 
favorable propagation, the average well-
equipped 50-Mc. station should be able to work 
regularly over a radius of 75 to 100 miles or 
more, depending on local terrain. 

144 to 148 Mc. 

Ionospheric effects are greatly reduced at 
144 Mc. It is doubtful whether F2-layer re-
flection ever occurs at this frequency, and 
sporadic-E skip is rare. Aurora DX is fairly com-
mon, but the signals are generally weaker than 
on 50 Mc. Tropospheric effects are more pro-
nounced than on 50 Mc., and distances covered 
(luring favorable weather conditions are greater 
than on lower bands. Air-mass boundary bending 
has been responsible for communication on 144 
Me. over distances in excess of 1100 miles, and 
500-mile work is fairly common in the warmer 
months. The reliable working range under nor-
mal conditions is slightly less than on 50 Mc., 
when comparable equipment and antennas are 
used. 

220 Mc. and Higher 

Ionospheric propagation is unlikely at 220 Mc. 
and up, but tropospheric bending is more preva-
lent than on lower bands. Amateur experience on 
220 and 420 Mc. is showing that they can be as 
useful as 144 Mc., when comparable equipment 
is used. Under minimum conditions the range 
may be slightly shorter, but when signals are 
good on 144 Mc., they may be better on 220 or 
420. Even at 1215 Mc. and higher there is evi-
dence that paths well beyond line of sight may 
be covered successfully. 

361 
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Propagation Phenomena 
The various known means by whiell v.h.f. 

signals may be propagated over unusual dis-
tances are discussed below. 

1'2-Layer Reflection 

The " normal" contacts made on 28 Mc. and 
lower frequencies are the result of reflection of 
the transmitted wave by the F2 layer, the 
ionization density of which varies with solar 
activity, the highest frequencies being reflected 
at the peak of the 11-year solar cycle. The 
maximum usable frequency (m.u.f.) for F2 

reflection also rises and falls with other well-
defined cycles, including daily, monthly, and 
seasonal variations, all related to conditions on 
the sun and its position with respect to the 
earth. 

At the low point of the 11-year cycle, such 
as the period we encountered in the early '50s, 
the m.u.f. may reach 28 Mc. only during a 
short period each spring and fall, whereas 
it may go to 60 Mc. or higher at the peak 
of the cycle. The fall of 19.16 saw the first 
authentic instances of long-distance work on 50 
Mc. by 1e2-layer reflection, atol as late as 1950 
contacts were still being made in the more 
favorable areas of the world by this medium. 
In the northern latitudes there are peaks of 
m.u.f. each spring and fall, with a low period 
during the summer and a slight dropping-off 
during the midwinter months. At or near the 
Equator conditions are more or less constant 
at all seasons. 

Fortunately the F2 m.u.f. is quite readily 
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determined by observation, and means are 
available whereby it may be estimated quite 
accurately for any path at any time. It is pre-
dictable for months in advance,' enabling the 
v.h.f. worker to arrange test schedules with 
(listant stations at propitious times. As there 
are numerous signals, both harmonics and 
fundamental transmissions, on the air in the 
range between 28 and 50 Mc., it is possible for 
an observer to determine the approximate 
m.u.f. by careful listening in this range. A 
series of daily observations will serve to show 
if the m.u.f. is rising or falling from day to day, 
and once the peak for a given month is de-
termined it can be assumed that the peak for 
the following month will occur about 27 days 
later, this cycle coinciding with the turning of 
the sun on its axis. The working range, via F2 
skip, is roughly comparable to that on 28 Mc., 
though the minimum distance is somewhat longer. 
Two-way work on 50 Mc. by reflection from the 
F2 layer has been accomplished over distances 
ranging from 2200 to 10,500 miles. The maxi-
mum frequency for F2 reflection is believed to be 
in the vicinity of 70 Mc. F2 DX on 50 Mc. is 
unlikely again before 1956. 

Sporadic-E Skip 

Patchy concentrations of ionization in the 
E-layer region are often responsible for re-

Basic Radio Propagation Predictions, issued monthly, 
three months in advanee, by the Central Radio Propagation 
Laboratory of the National Bureau of Standards. Order 
front the Supt. of Documents, Washington 25, D. C.; $ 1.00 
per year. 
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i5002500 miles 

2000 miles and tip 

DOUBLE 

Fig. 15-1 — The principal means by which v.h.f. signals may be returned to earth. The F2 layer, highest of the 
known reflecting regions of the ionosphere, is capable of reflecting 50-Mc, signals during the peak period of the I I-
year solar cycle. Such comnumication may be world-wide in scope. Sporadic ionization of the E layer produces the 
familiar "short skip" contacts over medium distances at 28 and 50 Mc. On these bands it is a fairly frequent oc-
currence regardless of the solar cycle. It is most common in May through August. Refraction of v.h.f. waves also 
takes place at air-mass boundaries in the lower atmosphere, making possible communication over distances of several 
hundred miles, usually without a skip zone, on all v.h.f. bands. 
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flect ion of signals on 28 and 50 Mc. This is the 
popular " short skip" that provides fine con-
tacts on both bands in the range between 400 
and 1300 miles. It is most common in May, 
June and July, during morning and early evening 
hours, but it may occur at any time or season. 
Since it is largely unpredictable, at our present 
state of knowledge, sporadic-E skip is of high 
"surprise value." Multiple-hop effects may ap-
pear, when ionization develops simultaneously 
over large areas, making possible work over dis-
tances of more than 2500 miles. 
The upper limit of frequency for sporadic-E 

skip is not positively known, but scattered 
instances of 144-Mc, propagation over dis-
tances in excess of 1000 miles indicate that 
E-layer reflection, possibly aided by tropo-
spheric effects, may be responsible. 

Aurora Effect 
Low-frequency communication is occasion-

ally wiped out by absorption of these frequen-
cies in the ionosphere, when ionospheric 
storms, associated with variations in the 
earth's magnetic field, occur. During such dis-
turbances, however, v.h.f. signals may be 
reflected back to earth, making communication 
possible over distances not normally workable 
in the v.h.f. range. Magnetic storms may be 
accompanied by an aurora-borealis display, if 
the disturbance occurs at night and visibility is 
good. When the aurora is confined to the north-
ern sky, aiming a directional array at the 
auroral curtain will bring in signals strongest, 
regardless of the true direction to the trans-
mitting station. When the display is wide-
spread there may be only a slight improve-
ment noted when the directional array is aimed 
north. The latter condition is often noticed 
during the period around the peak of the 
11-year cycle, when solar activity is spread 
well over the sun's surface, instead of being 
concentrated in the region near the solar 
equator. 

Aurora-reflected signals are characterized by 
a rapid flutter, which lends a " dribbling" 
sound to 28- Mc, carriers and may render 
modulation on 50- and 144-Mc, signale com-
pletely unreadable. The only satisfactory 
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means of communication then becomes straight 
c.w. The effect may be noticeable on signals 
from any distance other than purely local, 
and stations up to about 800 miles in any 
direction may be worked at the peak of the 
disturbance. Unlike the two methods of prop-
agation previously described, aurora effect 
exhibits no skip zone. It is observed fre-
quently on 50 Mc., and pronounced disturb-
ances affect the 144-Mc, band similarly. The 
highest frequency for aurora reflection is not 
yet known. 

Scatter 

When long-distance communication is possible 
on 50 Mc., stations within the skip zone may be 
heard with a wavery quality indicative of multi-
path reception. Such signals have traversed a 
normal ionospheric path, via either the F2 or E 
layer, and a small amount of energy has returned 
to the receiver by reflection from a distant point 
on the earth's surface. The process is similar to 
that of a radar echo, except that an ionospheric 
route is followed. 
The effect is most marked with high-gain di-

rectional arrays and high transmitter power. The 
direction from which scatter signals are observed 
indicates the region of most intense ionization, 
and adaptations of radar methods make it pos-
sible to "sound" the ionosphere to determine 
what distances and directions may be covered on 
a given frequency. 

Reflections from Meteor Trails 

Probably the least-known means of v.h.f. 
wave propagation is that resulting from the 
passage of meteors across the signal path. Re-
flections from the ionized meteor trails may be 
noted as a Doppler-effect whistle on the car-
rier of a signal already being received, or they 
may cause bursts of reception from stations 
not normally receivable. Sudden large in-
creases in strength of normally-weak signals 
are another manifestation of this effect. Ordi-
narily such reflections are of little value in 
extending communication ranges, since the in-
creases in signal strength are of short duration, 
but meteor showers of considerable magnitude 
and duration may provide fluttery v.h.f. 
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Fig. 15-2 — Illustrating a typical weather sequence, with associated variations in v.h.f. propagation. At the right 
is a cold air mass (fair weather, high or rising barometer, moderate summer temperatures). Approaching this from 
the left is a warm moist air mass, which overruns the cold air at the point of contact, creating a temperature inver-
sion and considerable bending of v.h.f. waves. At the left, in the storm area, the inversion is dissipated and signal» 
are weak and subject to fading. Barometer is low or falling at this point. 



364 CHAPTER 15 

signals from distances up to 1000 miles or 
more. Signals so reflected have a combination 
of the characteristics of aurora and sporadic-E 
skip. 

Tropospheric Bending 

Refraction of radio waves takes place when-
ever a change in refractive index is encoun-
tered. This may occur at one of the ionized 
layers of the ionosphere, as mentioned above, 
or it may exist at the boundary area between 
two different types of air masses, in the region 
close to the earth's surface. A warm, moist air 
mass from over the Gulf of Mexico, for in-
stance, may overrun a cold, dry air mass which 
may have had its origin in northern Canada. 
Each tends to retain its original characteristics 
for considerable periods of time, and there may 
be a well-defined boundary between the two 
for as much as several days. When such air-
mass boundaries exist along the path be-
tween two v.h.f. stations separated by 50 to 
300 miles or more, a considerable degree of 
refraction takes place, and signals run high 
above the average value. Under ideal condi-
tions there may be almost no attenuation, and 
signals from far beyond the visual horizon 
will come through with strength comparable 
to that of local stations. 
Many factors other than air-mass movement 

of a continental character may provide in-
creased v.h.f. operating range. The convection 
that takes place along our coastal areas in 
warm weather is a good example. The rapid 
cooling of the earth after a hot day in summer, 
with the air aloft cooling more slowly, is 
another, producing a rise in signal strength in 
the period around sundown. The early-morning 
hours, when the sun heats the air aloft, before 
the temperature of the earth's surface begins 
its daily rise, may frequently be the best hours 
of the day for extended v.h.f. range, particu-
larly in clear, calm weather, when the barome-
ter is high and the humidity low. 
Any weather condition that produces a 

pronounced boundary between air masses of 
different temperature and humidity character-
istics provides the medium by which v.h.f. 
signals cover abnormal distances. The ambi-
tious v.h.f. enthusiast soon learns to correlate 
various weather manifestations with radio-
propagation phenomena. By watching tem-
perature, barometric pressure, changing cloud 
formations, wind direction, visibility, and 
other easily-observed weather signs, he is able 
to tell with a reasonable degree of accuracy 
what is in prospect on the v.h.f. bands. 
The responsiveness of radio waves to vary-

ing weather conditions increases with fre-
quency. Our 50-Mc, band is considerably more 
sensitive to weather variations than is the 
28-Mc, band, and the 144-Mc, band may show 
strong signals from far beyond visual distances 
when the lower frequencies are relatively in-
active. The maximum distance over which 

tropospheric propagation is frequently ob-
served on 50 Mc. is in the neighborhood of 300 
miles. On 144 Mc. distances of 500 miles are 
not uncommon. It is probable that this tend-
ency continues on up through the microwave 
range, and that our assignments in the u.h.f. 
and s.h.f. portions of the frequency spectrum 
may someday support communication over 
distances far in excess of the optical range. 
Already 144-Mc, tropospheric communication 
by amateurs has passed the 1100-mile mark, 
and even greater distances are believed possi-
ble on this and higher frequencies. 

• STATION LOCATIONS 
In line with our early notions of v.h.f. wave 

propagation, it was once thought that only 
highly-elevated v.h.f. stations had any chance 
of working beyond a few miles. Almost all the 
work was done by portable stations operating 
from mountain tops, and only hilltop home 
sites were considered suitable for fixed-station 
work. It is still true that the fortunate amateur 
who lives at the top of a hill enjoys a certain 
advantage over his fellows on the v.h.f. bands, 
but high elevation is not the all-important 
factor it was once thought to be. 
Improvements in equipment, the wide use of 

high-gain antenna systems, and an awareness 
of the opportunities afforded by weather phe-
nomena have enabled countless v.h.f. workers 
to achieve excellent results from seemingly 
poor locations. In 50- Mc. DX work particu-
larly, elevation has ceased to be an important 
factor, though it may help in extending the 
range of operation somewhat under normal 
condit ions. A high elevation is somewhat more 
helpful on 144 Mc. and higher frequencies, 
particularly when no unusual propagation fac-
tors are present, as during the winter months. 
Other factors, such as close proximity to large 
bodies of water, may more than compensate for 
lack of elevation during the other seasons of 
the year, however. 

Stations situated in sea-level locations along 
our coasts have been consistent in their ability 
to work long distances on 144 Mc.; weather 
variations provide interesting propagation ef-
fects over our Middle Western plain areas; and 
even the worker situated in mountainous coun-
try need not necessarily feel that he is pre-
vented by the nature of his horizon from doing 
interesting work. Contacts have been made 
on 50 and 144 Mc. over distances in excess of 
100 miles in all kinds of terrain. 
The consistently-reliable nature of 50 and 

144 Mc. for work over such a radius and more, 
regardless of weather, time or season, and the 
occasional opportunities these frequencies af-
ford for exciting DX, have caused an increas-
ing number of amateurs to migrate to the 
v.h.f. bands for extended-local communication, 
once thought possible only on the lower fre-
quencies. 
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V.H.F. Receivers 

Even more than in work on lower frequen-
cies, receiver performance is all-important in 
the v.h.f. station. High sensitivity and good 
signal-to-noise ratio, necessary attributes in a 
receiving system for 50 Mc. and higher bands, 
are best attained through the use of a con-
verter, working in conjunction with a com-
munications receiver designed for lower fre-
quencies. Though receivers and converters for 
50, 141, and even 220 Mc. are available on the 
amateur market, it is possible for the v.h.f. 
worker to build his own with fully as good re-
sults, and at a considerable saving in cost. 

In its basic principles, modern receiving 
equipment for these bands differs little from 
that employed on lower frequencies, and the 
same order of selectivity may be used in ama-
teur work up to at least 450 Me. The greatest 
practical selectivity should be used in v.h.f. 
work, as well as on the frequencies below 
30 Mc., as it not only permits more 
stations to operate in a given band, but 
is an important factor in improving the 
signal-to-noise ratio. The effective sen-
sitivity of a receiver having "commu-
nication" selectivity can be made con-
siderably better than is possible with 
broadband systems. First on 56 Mc., 
more than a decade ago, then more re-
cently on 144 Mc., and currently on 
220 and 420 Mc., the change to selec-
tive superheterodyne receivers marked 
the beginning of real extensions of the 
operating range. 
The superregenerative receiver, once 

very popular for v.h.f. work, is now used 
principally for portable operation, or for 
other applications where maximum sensi-
tivity and selectivity are not of prime 
importance. It is still capable of surprising 
performance, for a given number of tubes 
and components, but its lack of selectivity, 
its poor signal-to-noise ratio, and its tend-
ency to radiate a strong interfering signal rule out 
the superregenerator a fi'A-station receiver in 
areas where there is app!- able v.h.f. activity. 

• R.F. AMPLIFIER DESIGN 
The amount of noise generated within the 

receiver itself is an important factor in the 
effectiveness of v.h.f. receiving gear. At lower 
frequencies the external noise is a limiting 
factor, but at 50 Mc. and higher the receiver 
noise figure, gain and selectivity determine the 

o  
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ability of the system to respond to weak sig-
nals. Proper selection of r.f. amplifier tubes 
and appropriate circuit design aimed at low 
noise figure are of more importance in the 
v.h.f. receiver " front end" than mere gain. 

Certain triode or triode-connected pentode 
tubes have been found superior in this respect, 
their superiority becoming more pronounced 
as we go higher in frequency. At 144 Mc., for 
instance, a triode r.f. stage may give sub-
stantially the same gain as a pentode, but 
with a much lower noise figure. With the ex-
ception of the simplest unit, the equipment 
described in the following pages incorporates 
low-noise r.f. amplifier technique. 
When triodes are used as r.f. amplifiers some 

form of neutralization of the grid-plate capac-
itance is required. This can be capacitive, as is 
commonly used in transmitting applications, 
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Fig. 16-1— Schematic diagram of a push-pull r.f. amplifier for 
v.h.f. receiver use. This circuit is well suited to use with antenna 
systems fed by balanced lines. Coil and condenser sizes will be 
governed by the band for which the amplifier is to be used. 
Ci— 0.005-51d. disc ceramic. 
CN — Neutralizing capacitance, about 2 gad. May be made 

from lengths of 75-olun Twin-Lead about 13,¡ inches 
long. 

RI — 150 ohms, 3/2-watt carbon. 
112— 1000 ohms, j¡-watt carbon. 

or inductive. The alternative to neutralization 
is the use of grounded-grid technique. Circuits 
for v.h.f. triode r.f. amplifier stages are given in 
Figs. 16-1 through 16-4. 
A dual triode operated as a neutralized 

push-pull amplifier is shown at 16-1. This ar-
rangement is well adapted to v.h.f. preampli-
fier applications,' or as the first stage in a 
converter, particularly when a balanced trans-
mission line such as the popular 300-ohm 
Twin-Lead is used. It is relatively selective 
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Input for 300- to 
600-ohm line 
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Fig. 16-2— Circuit of the cascode r.f. amplifier. Preferred 
antenna coupling methods for coaxial or balanced lines are 
shown. The first r.f, grid coil, and the neutralizing coil, L Ns 
should be a high-Q design. Other coils are not critical as to Q. 
Ci, C2, CO, CO — 0.005-51d. disc ceramic. 
C3, CO — 50-ggfd. ceramic. 
111, Ito — 100 ohms, !-watt carbon. 
Ra, 114 — 1000 ohms, .1/'¡'-watt carbon. 
LN — Should resonate at signal frequency with 6AK5 grid. 

plate capacitance. 

and may require resistive loading of the plate 
circuit, when used as a preamplifier. The load-
ing effect of the following circuit may be suffi-
cient to give the required bandwidth, when the 
push-pull stage is inductively coupled to the 
mixer. 
A two-stage triode amplifier having excellent 

noise figure and broadband characteristics is 
shown in Fig. 16-2. Commonly called the cas-
code, it uses a triode or triode-connected pen-
tode followed by a triode grounded-grid stage. 
This circuit is extremely stable and uncritical 
in adjustment. At 50 Mc. and higher its over-all 
gain is at least equal to the best single-stage 
pentode amplifier and its noise figure is far 
lower. 

Neutralization is accomplished by the coil 
LN, whose value is such that 
it resonates at the signal fre-
quency with the grid-plate 
capacitance of the tube. Its 
inductance is not critical; it 
may be omitted from the cir-
cuit without the stage going 
into oscillation, but neutrali-
zation results in a lower noise 
figure than is possible with-
out it. Any of several v.h.f. 
tubes may be used in the 
cascode circuit, the most pop-
ular arrangement being the 
6AK5-6J6 combination, 
Fig. 16-2. 
A simplified version of the 

cascode, using a dual triode 
tube designed especially for 
this application, is shown in 
Fig. 16-3. By reducing stray 
capacitance, through direct 
coupling between the two 
triode sections, this circuit 

makes for improved performance at the fre-
quencies above 100 Mc. The two sections of 
the tube are in series, as far as plate voltage 
is concerned, so it requires higher voltage 
than the other circuits shown. 
The neutralization process for the cascode 

and neutralized-triode amplifiers is some-
what similar. With the circuit operating nor-
mally the neutralizing adjustments (capaci-
tance of CN in Fig. 16-1; inductance of LN in 
Figs. 16-2 and 16-3) can be set for best 
signal-to-noise ratio. The middle of the 
range over which no oscillation occurs is ap-
proximately the proper setting. Finer adjust-
ment can be made by disconnecting one 
heater lead from the r.f. amplifier tube 
socket and adjusting the neutralizing for 
minimum. signal. The best results are ob-
tained using a noise generator, adjusting for 
lowest noise figure, but the two methods 
described above will provide a fair approxi-
mation. Noise generators and their use in 
v.h.f. receiver adjustment are treated in 
July, 1953, QST, page 10. 

Grounded-grid r.f. amplifier technique 
is illustrated in Fig. 16-4. Here the input circuit 
is connected in the cathode lead, with the grid of 
the tube grounded, to act as a shield between 
cathode and plate. The grounded-grid circuit is 
stable and easily adjusted, and is well adapted to 
broadband applications. The gain per stage is 
low, so that two or more stages are ordinarily 
required. 

Choice of tubes is fairly limited, the best for 
the job being the 6J4, 6ÁN4, 6AJ4 and 6AM4, 
triodes especially designed for grounded-grid 
service. The 6J6 is used occasionally, as in Fig. 
16-2. Disc-seal tubes such as the " lighthouse" 
and " pencil tube" types are often used as r.f. 
amplifiers above 500 Mc., where most miniature 
tubes become ineffective because of excessive 
lead inductance. 

Fig. 16-3 — Simplified version of the cascode circuit for 611Q7, 6111(7 or 6BZ7 
dual triodes. This circuit is particularly effective at 144 Mc. and higher. Coil 
and condenser values not given depend on frequency. The neutralizing coil, 
LN, should resonate at the signal frequency. R.f. chokes in the heater circuit 
should be resonant with the plate-to-ground capacitance of the first triode 
section, at the highest frequency to be covered. They are bifilar wound. 
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6J4 6J4 

Fig. 16-4 — Grounded-grid r.f. amplifier. Position of cathode taps on coils 
should be adjusted for lowest noise figure. 
CI, C2, C3, Cu, CS — 0.005-dd. dise ceramic. 
CS — 50-wdd. ceramic. 
RI, R3 — 220 ohms, 3/2-watt carbon. 
142, 144 — 470 ohms, j/2-watt carbon. 

• MIXER CIRCUITS 
Triode tube are favored for v.h.f. applica-

tions, as they are less critical as to operating 
conditions and the highest frequency at which 
they will operate satisfactorily is well above 
that of most pentodes. When used in converters 
having no r.f. amplifier stage triodes are usually 
quieter in operation as well. 
A simple triode mixer circuit is shown in 

Fig. 16-5A. The grid circuit is tuned to the 
signal frequency, the plate circuit to the inter-
mediate frequency. A dual-triode version is 
given at B. The latter is particularly suitable 
for use at the higher frequencies. Frequently a 
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Fig. 16-5 — Two types of triode mixers suitable for 
v.h.f. receivers. A single-ended triode circuit is shown at 
A. l'he tube may be half of a dual triode, with the other 
portion used as the oscillator, or separate tubes may be 
used. The dual-triode version, B, is particularly useful 
for 144 Mc. and higher bands. 
CI — 50-µpfd. ceramic or mica. 
Ca. Cn — 30. to 50-pfd. ceramic or mica. 
C3, CS, CS — 0.005-dd. disc ceramic. 
RI — 1 megohm, 3/2 watt. 

114 — 1000 ohms, watt. 

Re— 150 ohms, h watt. 

dual triode is used as a combina-
tion mixer-oscillator, using the 
circuits of Figs. 16-5A and 16-
6A. The amount of oscillator 
injection is usually not critical, 
but in the interest of stability it 
should be kept as low as practi-
cal. In dual triodes having sepa-
rate cathodes (7F8, 12AT7, 
2C51, etc.) some external cou-
pling may be required, but the 
common cathode of the 6J6 will 
provide sufficient injection in 
most cases. If the injection is 
more than necessary it can be 
reduced by dropping the oscilla-
tor plate voltage, either directly 
or by increasing the value of 
the dropping resistor, RI. 

A pentode mixer may be less subject to 
oscillator pulling than a triode, and it will 
probably require less injection voltage. If a 
pentode mixer is used, its plate current should 
be held to the lowest usable value, to reduce 
tube noise. This may be controlled by varying 
the mixer screen voltage. The principal use of 
pentode mixers in v.h.f. work is in the interest 
of simplicity of circuit layout, as in multiband 
converters employing bandswitching. 

Occasionally oscillation near the signal fre-
quency may be encountered in v.h.f. mixers. 
This usually results from stray lead inductance 
in the mixer plate circuit, and is most common 
with triode mixers. It may be corrected by con-
necting a small capacitance from plate to cathode, 
directly at the tube socket. Ten to 251.41.4fd. will be 
sufficient, depending on the signal frequency. 

• OSCILLATOR STABILITY 

hen a high-selectivity i.f. system is em-
ployed in v.h.f. reception, the stability of the 
oscillator is extremely important. Slight varia-
tions in oscillator frequency that would not be 
noticed when a broadband i.f. amplifier is used 
become intolerable when the passband is re-
duced to crystal-filter proportions. 
One satisfactory solution to this problem is 

the use of a crystal-controlled oscillator, with 
frequency multipliers if needed, to supply the 
injection voltage. Such a converter usually 
employs one or more broadband r.f. amplifier 
stages, and tuning is done by varying the 
intermediate frequency to cover the desired 
frequency range. 
When a tunable oscillator and a fixed inter-

mediate frequency are used, special attention 
must be paid to the oscillator design, to be sure 
that it is mechanically and electrically stable. 
The tuning condenser should be solidly built, 
preferably of the double-bearing type. Split-
stator condensers specifically designed for 
v.h.f. service, usually having ball-bearing end 
plates and special construction to insure short 
leads, are well worth their extra cost. Leads 
should be made with stiff wire, to reduce vibra-
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tion effects. Mechanical stability of air-wound 
coils can be improved by tying the turns to-
gether with narrow strips of household cement 
at several points. 
Recommended oscillator circuits for v.h.f. 

work are shown in Fig. 16-6. The single-ended 
oscillator may be used for 50 or 144 Mc. with 
good results. The push-pull version is recom-
mended for higher frequencies and may also be 
used on the two lower bands, as well. Circuit 
A works well with almost any small triode, the 
6AB4, 6AF4 or one half of a 6.J6 or I2AT7 being 
most commonly used. The 6J6 is well suited to 
push-pull applications, as shown in circuit 16-6B. 

+100V. • 6.3V. 
-100V. 

(A) 

6.3V. +100V. 6.3V. 
-100 V. 

(B) 

6.3V 

Fig. 16-6 — Recommended circuits for . h.f. oscillators. 
l'he push-pull arrangement at 11 is recommended for 
220 and 420 Mc., particularly. 
CI — 50 add. 
RI — Any small carbon resistor, 1000 ohms or less. 
112 — 10,000 ohms, 3-2 watt. 
— 3000 to 5000 ohms, %¡ watt. 

• THE I.F. AMPLIFIER 
Superheterodyne receivers for 50 Mc. and 

up should have fairly high intermediate fre-
quencies, to reduce both oscillator pulling and 
image response. Approximately 10 per cent of 
the signal frequency is commonly used, with 
10.7 Mc. being set up as the standard i.f. for 
commercially-built FM receivers. This par-
ticular frequency has a disadvantage for 
50-Mc, work, in that it makes the receiver 
subject to image response from 28-Mc, signals, 
if the oscillator is on the low side of the signal 
frequency. A spot around 7 Mc. is favored for 
amateur converter service, as practically all 
communications, receivers are capable of tun-
ing this range. 

For selectivity with a reasonable number of 
i.f. stages, double conversion is usually em-
ployed in complete receivers for the v.h.f. 
range. A 7-Mc, intermediate frequency, for 
instance, is changed to 455 kc., by the addition 
of a second mixer-oscillator. This procedure is, 
of course, inherent in the use of a v.h.f. con-
verter ahead of a communications receiver. 

If the receiver so used is lacking in sensitiv-
ity, the over-all gain of the converter-receiver 
combination may be inadequate. This can be 
corrected by building an i.f. amplifier stage 
into the converter itself. Such a stage is useful 
even when the gain of the system is adequate 
without it, as the gain control can be used to 
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permit operation of the converter with receiv-
ers of widely-different performance. If the re-
ceiver has an S-meter, its adjustment may be 
left in the position used for lower frequencies, 
and the converter gain set so as to make the 
meter read normally on v.h.f. signals. 
Where reception of wide-band FM or unstable 

signals of modulated oscillators is desired, a con-
verter may be used ahead of an FM broadcast 
receiver. A superregenerative detector operating 
at the intermediate frequency, with or without 
additional i.f. amplifier stages, also may serve as 
an i.f. and detector system for reception of wide-
band signals. By using a high if. (10 to 30 Mc. or 
so) and by resistive loading of the i.f. transform-
ers, almost any desired degree of bandwidth 
can be secured, providing good voice quality on 
all but the most unstable signals. Any of these 
methods may be used for reception in the micro-
wave region, where stabilized transmission is ex-
tremely difficult at the current state of the art. 

• THE SUPERREGENERATIVE 
RECEIVER 

The simplest type of v.h.f. receiver is tilt 
superregenerator. It affords fair sensitivity with 
few tubes and elementary circuits, but its weak-
nesses, listed earlier, have relegated it to appliea-
tions where small size and low power consumption 
are important considerations. 

Fig. 16-7 — Super. 
regenerative detec-
tor circuit using a 
self-quenched detec-
tor. L2C4 tunes to 
the signal frequency. 
Typical values for 
other components 
are given below. 

• 

Ca — 47 add. 
Ca — 0.001 to 0.005 dd. 
lIt — 2 to 10 megolams. 
112 — 50,000-olun potentiometer. 
Ra — 47,000 ohms, 1 watt. 
RFC — Single-layer r.f. choke, for frequency involved. 
Ti — 1nterstage audio transformer. 

Its sensitivity results from the use of an alter-
nating quenching voltage, usually in the range 
between 20 and 200 kc., to interrupt the normal 
oscillation of a regenerative detector. The re-
generation can thus be increased far beyond the 
amount usable in a straight regenerative circuit. 
The detector itself can be made to furnish the 
quenching voltage, or a separate oscillator tube 
can be used. Regeneration is usually controlled 
by varying the plate voltage in triode detectors, 
or the screen voltage in the case of pentodes. A 
typical circuit is shown in Fig. 16-7. 
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Crystal-Controlled Converters for 50, 144 and 220 Mc. 
The family of converters shown in Figs. 16-8 

through 16-16 was designed to provide optimum 
reception on all v.h.f. bands. Crystal-controlled 
injection is used to insure stability, and the r.f. 
circuit design provides the lowest practical noise 
figure for each frequency. Special attention has 
been paid to the reduction of spurious responses, 
often a troublesome point in broadband converter 
design. A separate converter section for each band 
connects to a common i.f. amplifier and power 
supply by means of a single plug and cable. This 
carries the mixer output, and plate and filament 
voltages. 

The R.F. Circuits 

A pentode r.f. amplifier (6CB6) is used in the 
50-Mc, converter in the interest of simplicity. 
With proper design, such a stage can be made to 
deliver a satisfactory noise figure at 50 Mc. Its 
performance is quite adequate; it will be found 
that outside noise picked up by the antenna will 
be the limiting factor in weak-signal reception, 
even in a quiet receiving location. 
The 144- and 220-Mc, converters have modified 

cascode circuits with dual triodes (6BQ7A, 6BK7 
or 6BZ7) in the first stages. The 220-Me, con-
verter has an additional pentode stage, to build 
up the gain and improve the ability of the con-
verter to reject unwanted frequencies. It will be 
noted that the converters differ somewhat as to 
circuitry in other respects, but this was done pri-
marily to show examples of various circuit tech-
niques, rather than because of any superiority of 
one approach over another. This applies particu-
larly to the methods of coupling between stages. 
When a fixed injection frequency is used with a 

variable intermediate frequency, the r.f. and i.f. 

Fig. 16-8 — Crystal-
controlled convert-
ers for 220, 144 and 
SO Mc. (1. to r.) with 
their common i.f. 
amplifier and power 
supply. All chassis 
are standard sizes, 
requiring a minimum 
of metal work. 

circuits of the converter must be made broad-
band, to avoid the need for readjusting them as 
the receiver with which the converter is used is 
tuned across the i.f. range. Spurious responses, 
both at the i.f. range and at frequencies adjacent 
to the desired signal frequencies, pose a special 
problem. Bandpass characteristics are attained 
through the use of overcoupled double-tuned 
circuits in the converter r.f. circuits. These cir-
cuits present a high impedance at the signal fre-
quency, but they look like a short circuit to sig-
nals in the i.f. range that are picked up by the 
antenna. 

Spurious responses that might develop as the 
result of the injection of unwanted frequencies at 
the mixer grid are reduced by the use of a separate 
tube for the mixer, and coupling the injection 
voltage from the multiplier stage through a link. 
Isolation of the mixer and multiplier stages is 
further increased in the 144- and 220-Mc. con-
verters by the installation of a shield partition 
along the middle of the base plate. 

Crystal Oscillator De tails 

Crystal freqtati,•ius were selected so that all 
bands would start at the same spot on the com-
munications receiver dial; in this case 7000 kc. 
Crystal frequencies, multiplier details and i.f. 
tuning ranges are shown in Table 16-I. Other i.f. 
tuning ranges that may be better suited to some 
communications receivers may be employed by 
suitable alteration of the crystal and multiplier 
frequencies. 
A fairly high oscillator frequency is desirable, 

to reduce the possibility of oscillator harmonics 
appearing in the tuning range, as well as to keep 
down the number of multiplier stages. Each con-
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verter in this series uses a readily-obtainable 
crystal operating on its third overtone. This may 
result in a frequency of oscillation that is not 
exactly three times that marked on the crystal, 
but it is close enough for ordinary calibration 
purposes. Overtone crystals of the desired fre-
quency may be obtained on order, at somewhat 
higher prices than for fundamental-type crystals. 
Conventional operation of crystals in the 7- Mc. 
range, making up the multiplication with addi-
tional stages, is not recommended because of the 
difficulty in avoiding birdies from crystal har-
monics. In the overtone circuit, no frequency 
lower than the overtone at which the crystal 
oscillates is heard. 

Layout 

Each converter is built on a single 5 X 7-inch 
aluminum plate, and mounted on a standard 
chassis that serves as shielding and ease. The 
three 5 X 7 X 3-inch chassis are bolted to the 
back of the i.f. unit, to be described later. In this 
way each converter is a separate entity, permit-
ting the constructor to build any one of them, 
omitting those bands in which he may not be 
interested. The shape of the i.f. unit is not im-
portant, and it could very readily be built in more 
compact fashion if less than the three converters 
are planned. The method of construction shown 
requires a minimum of metal work, and a con-
verter can be rebuilt or replaced without affecting 
the operation of the others. 
As only three tubes are used in the 50 Me. 

converter they are arranged in a single line down 
the middle of the base plate. The other models 
have the oscillator-multiplier and amplifier-mixer 
sections separated by a vertical shield partition. 

• THE 50-MC. CONVERTER 
The simplest of the three converters is the 50-

Mc. unit, shown in Figs. 16-9 and 16-10. The r.f. 
and mixer stages use 6C1i6 pentodes and a 6J6 
serves as erystal oseillator awl multiplier. .1 

TABLE 16-I 

Crystal-Controlled Converter Data 

1 njec- erne-
Band lion I.F. tal 
(Mc.) (Mc.) (Mc.) (kc.) 

50 43 7-11 7166 
144 137 7-11 7611 
220 213 7-12 7100 
420* 382 50-54* 7074 
420* 406 26-30* 7518 

Overtone e: 
Multiplication 

3rd X 2 
3rd X 3 X 2 
3rd X 5 X 2 
3rd X3X3X3X2 
saine 

*For covering 432 to 436 Mc. only. To tune the 
rest of the band additional crystal frequencies or a 
wider i.f. tuning range must be used. 

somewhat lower noise figure could have been ob-
tained with a triode r.f. amplifier, but the design 
shown has a noise figure under 5 db. With the 
considerable external noise picked up by the an-
tenna at 50 Mc., even in a quiet location, there is 
little to be gained in weak-signal reception by 
going lower than this figure. 
The bottom view of the converter, Fig. 16-9, 

shows the r.f. amplifier socket and components 
at the left side. A small shield across the socket 
isolates the grid and plate circuits. The r.f. plate 
tuning condenser, C2, is near the center. The 
plate coil, L3, is the lower of the two coils in the 
middle of the photograph, with the mixer grid 
coil, Lt, just above it. An enameled-wire link may 
be seen running from this coil to the doubler 
plate coil, L10, at the lower right. The oscillator 
inductance, L9, is at the upper right corner. 
Two methods of antenna coupling are shown in 

the schematic, Fig. 16-10, but the constructor 
need install only the one that is suited to the type 
of transmission line he intends to use to feed his 
antenna system. If coax is used, connection is 
made directly to the r.f. amplifier grid coil, L2. 
This same type of connection may be used with a 
balun for balanced lines, or the coupling winding, 
LI, may be added. In some instances it may be 
desirable to connect a trimmer between J1 and 
L2, as shown in the 220-Mc, converter, if spurious 
signals are a problem. 

Fig. 16-9— Bot-
tom view of the 
50-Mc. converter. 
'1'he r.f. amplifier 
socket, divided by 
a shield partition, 
is at the left. Crys-
tal oscillator and 
multiplier compo-
nents are at the 
right, with the 
mixer in the mid-
dle. 
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50 - 54 Mc. 

_ 

6(86 6CB6 6.16 

R.F. AM P. 
6036 

2c 15 M 

1 "eC _9 4 
 To Pin 3 S6 '- 2 °15 

50 -54 MC. 

L4 50 

MAL 05C. 
1/2 6J6   

.c>  

7166 Kc. 

4.7K 

7 

Fig. 16-10 — Schema ic diagram of the 

Ci, C2, C3- 20.,f. min. variable (Johnson 20M11). 
C4 — 50-pf. min. padder (Ilammarlund M A PC 50). 
C5 — 25-m d. min. padder (Hammarlund MAPC 25). 
Li — 3 turns fine ins, wire wound over cold end of L. 
L2, L4 — 9 turns No. 20 tinned, %-incli diam., % inch 

long (B & W Miniductor No. 3003). 
L3 — 10,fri turns similar to La. These coils are mounted 

in line with their cold ends % inch apart. 
L5 — No. 28 enameled wire close-wound one inch on 

3/8-inch slug-tuned form (National X11-91). 
Lacquer and dry before winding Le. Wind on 
upper portion of form. 

Adjustment of the converter is very simple. 
First the oscillator and multiplier are tuned up, 
with the r.f. and mixer tubes out of their sockets, 
or with their plate voltage removed. Proper ad-
justment of the overtone oscillator follows prac-
tice outlined in the introductory portion of Chap-
ter Seventeen, and the doubler portion need only 
be resonated for maximum output initially. This 
can be checked with a 60-ma, pilot lamp con-
nected across a one-turn loop coupled to the cold 
end of L10. The frequency of the output should 
be checked to be sure that the right overtone and 
harmonic are being used, and the oscillator tested 
to see that it is controlled by the crystal. 
Now a signal source will be helpful. This can 

be a signal generator, an amateur signal, or the 
harmonic of a receiver or transmitter oscillator 
of known frequency. If the signal is derived lo-
cally it should be possible to hear it with only the 
mixer and oscillator-multiplier stages running, 
and with no pick-up antenna. If a weak signal is 
used it may be necessary to put a temporary 
coupling winding (similar to L1) on the mixer 
grid coil, L4. Peak this circuit and the slug in the 
mixer plate circuit for maximum response. The 
plate voltage should be removed from the r.f. 
stage during this period, but the tube should be 
left in the socket with the heater voltage on. 
Next feed the signal into the r.f. stage, by 

either of the coupling methods shown, and peak 
L2 and L3 for maximum response. There should 
be a considerable rise in noise as the adjustments 

MIXER 
6CB6 

DOUBLER 
Y3 6.16 

• r--1 t... 

100K 

1 43:44. 

cz. L1, rot 

105 gLts 

—.-11—LANW 3.3K 5w  

7-ll MC 

TO   
HEATERS 

50-Mc, crystal-controlled converter. 

Le — 10 turns same wound over cold end of L5. 
14, Ls — Loop of No. 22 enameled wire inserted in cold 

ends of L4 and L10, connected by link of same 
material. Fasten in place with cement. 

L9 — 13 turns No. 20 tinned, 5/8-inch diam., % inch 
long, tapped at 3ji turns from crystal end (B & 
W No. 3007). 

Li° — 8 turns similar to L2. 
Ji — Coaxial fitting. 
J2 — Crystal socket for antenna terminal. 
J3 — 4-pin male chassis fitting (Jones P-304-AB). 

are made, so the noise level can be used as an 
indication of resonance in the absence of a test 
signal. 
The converter is now ready for final adjust-

ment, for best signal-to-noise ratio and uniform 
response across the band. The first can best be 
done with a noise generator, though a test signal 
can be used. Noise figure will be affected prin-
cipally by the tuning of the first stage, and by the 
adjustment of the antenna coupling. Watch for 
improvements in the margin of signal over noise, 
rather than maximum gain, as these two charac-
teristics may not occur coincidentally. The cou-
pling between L3 and L4 affects the passband of 
the system and the tuning of these circuits and 
the slug in the mixer plate winding can be stag-
gered to provide uniform response across the 
band. Peaking of the input circuit may be neces-
sary as the receiver is tuned across the entire 
band, though a setting can be made for the middle 
of the range most used and this will hold for at 
least a megacycle either way. Receiver noise can 
be used as a check on the uniformity of response, 
in the absence of signals. 
The amount of injection from the multiplier 

should be set at the least that will provide satis-
factory performance. This will not be at all criti-
cal, but more injection than needed will increase 
the tendency to spurious response. It is controlled 
by the size and position of the coupling loops, L7 
and Ls. In the original model they are about two-
thirds the diameter of the windings in which they 



are inserted. The loop can be made small enough 
to sfip through between the strips of polystyrene 
on the Miniductor, and then spread to give the 
desired coupling. Cement the loops in place when 
this is achieved. 

• THE 144-MC. CONVERTER 
The 2-meter converter is shown in Figs. 16-11 

and 16-12. From the photograph it may be seen 

/4‘ -/411 M. 

22.833 Kc 

CI, 

C4 
LN 

Li 

L2 
L3 

L4 

TO PIN 1 

OSC. 
6J6 

R F. AMP 
Et8Z7 os 613Q7A 

TRIPLER 
h 6.16 68 5 Afc 

1_5 

6 I 

.001 

CHAPTER 16 

• 

Fig. 16-11 — The 144-Me. 
converter is separated into 
two parts by a shield parti-
tion. At the top are the r.f. 
and mixer stages, with the 
oscillator and multiplier por-
tion below the shield. 

• 

that the r.f. anti mixer components are separated 
from the oscillator-multiplier chain by a shield 
part it ion. The r.f. portion is in the upper half of 
tlai picture. Use of small plast ic trimmers for the 
tuned circuits saves enough space so that the 
at iimal tube is handled without crowding. 
The r.f. circuit is the simplified cascode, using 

any of the several dual triodes designed for this 
application. Doulde-tuned circuits in the r.f. 
plate and mixer grid provide bandpass response 

- /48 hk 

l'O PIN 1 

MIXER 
6(136 OR 6AK 5 

DOUBLER 
6CB6 oa 6AKS 

/37gc. 

TO PIN I 

Fig. 16-12 — Schematic diagram and parts 
C2, Ca, Cs, C6 — 1- to 8-pf. plastic trimmer (Erie 

832-10). 
— 50-55f. min. trimmer ( Ilammarlund NIAPC-50). 
— 5 turns No. 20 tinned, diam. Adjust spac-

ing for neutralizing: see text. 
— 6 turns No.20 tinned, 14-ineh diam., turns spaced 

diam. of wire. Tap at 2!, turns. 
— 4 turns No. 20 enatn.S,..-inch diam., j(t inch long. 
— 3 turns. No. 20 enam., %-inch diam.,sA6 inch long. 

L2 and La are in line, with their cold ends ,f,¡ inch 
apart. 

— No. 28 enam. close wound 1 inch on %-inch slug. 
tuned form ( National X R-91). Lacquer and dry 
before winding Ls. Wind on upper portion of 
form. 

To LI, 

L,0 

I K 

6J6 6016 6C86 68Z7 

TO P N 3 TO PIN 

RFCz 

inf    for the 114-Me. converter. 

L5 — 10 turns, same, wound over cold end of L4. 
1.6 — 12 turns No. 20 tinned, spaced diam. of wire, 

diam. Tap at turns. 
L7 — II turns No. 20 enam., diam., inch 

lutos. 
Ls — 8 turns like L7, 5.‘g inch long. L 7 and Ls are in line 

with their cold ends sA6 inch apart. 
L9 — 4 turns like L7,943 inch long. 
1, 10, Loo — I turn insulated wire at each end, linking La 

with LO. 
J1 — Coaxial fitting. 
J2 — 4-pin male chassis fitting (Jones P-304-Ali). 
RFC', RFC 2 — Bililar-wound r.f. chokes. Twist two 

pieces of No. 26 enameled wire together and 
wind 15 turns on )4-inch diameter. 
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and help to attenuate unwanted signals on other 
frequencies. The oscillator-multiplier circuit is 
similar to the 50-Mc, converter, except that the 
second half of the 6J6 is a tripler. This is coupled 
through another pair of double-tuned circuits to 
an additional doubler stage. 
The order of frequency multiplication can be 

altered to take care of local interference condi-
tions. Should it turn out that unwanted signals 
are brought in as a result of frequencies appearing 
in the multiplier chain, the second stage can be 
made a doubler and the pentode a tripler. The use 
of link coupling, and the isolation afforded by the 
shield, should reduce spurious responses to negli-
gible proportions in most locations, however. 
The first steps in adjustment of the 144-Me. 

converter are similar to those outlined for the 
50-Mc. model. The only additional work required 
is the neutralization of the 6BQ7 stage. This is 
done by adjusting the spacing of the turns in LN 
for lowest noise figure, as indicated with a noise 
generator, or by best signal-to-noise ratio on a 
test signal. The inductance is not extremely criti-
cal, and it may be set somewhat on the low-
inductance side of the largest value that can be 
used without oscillation developing in the r.f. 
stage. 

Other than the neutralization, only the tuning 
of the input circuit will affect the noise figure 
materially. This is also best done with a noise 
generator. It will be found that best results will 
be obtained with Lei resonated somewhat on 
the low-frequency side of the point that produces 
maximum gain. The tap on L1 should be set 
higher on the coil than the point that gives maxi-
mum signal response. The objective, as in the 
other adjustments outlined above, is best signal-
to-noise ratio, rather than maximum gain. 

Uniform response across the band can be at-
tained by stagger-tuning the r.f. plate, mixer 
grid and mixer plate circuits. Injection coupling 
should be set as low as will deliver optimum per-
formance. This can be controlled by the position 

Fig. 16-13 — The 
220-Mc, crystal-con-
trolled converter. 
Note that two shields 
are used; one sepa-
rating the injection 
and ri. chains, the 
other dividing the 
socket for the 6A K5 
r.f. stage. R.f. com-
ponents occupy the 
lower half of the as-
sembly. 

of the coupling loops, L10 and L11, or by varying 
the output of the pentode stage by raising or 
lowering the value of the screen dropping resistor. 

• THE 220-MC. CONVERTER 
Circuitry and layout for the 220-Mc. converter, 

Figs. 16-1:3 and 16-14, are very similar to the 
144-Mc, model, except that an additional stage is 
used following the cascode, and an additional 
shield divides the socket of this stage. This helps 
to make up for the somewhat lower gain of the 
cascade at the higher frequency, and it improves 
the rejection of unwanted signals considerably. 
The latter condition has been found to be trouble-
some in 220-Mc, work, particularly in areas where 
TV and FM broadcasting stations are in opera-
tion. 
No tuning condensers are used in the r.f. cir-

cuits, the coils being tuned to the desired fre-
quency by adjusting the turn spacing until they 
resonate properly with the tube capacitances that 
appear across them. A variation on the double-
tuned circuit is used in which a center-tapped coil 
serves as both grid and plate inductance. This 
type of circuit is well adapted to use at frequen-
cies where tube capacitance becomes a limiting 
factor in the performance of ri. amplifiers. 
A different form of i.f. output coupling is shown 

in this converter, though it works identically to 
the method used in the other models. Note that 
the mixer plate coil is loaded by a 4700-ohm re-
sistance in this case. The i.f. must cover from 
7 to 12 Mc. for the 220-Mc, band, so a broader 
response is required. The value of this resistance 
can be altered to attain the desired degree of 
uniformity, though lower values than the one 
shown will result in lower over-all gain. 
The tuning condenser in the input circuit tunes 

out the reactance of the line to the antenna. It 
may not be necessary in some installations, but 
it is likely to be helpful in reducing spurious re-
sponses. The same technique may also be applied 
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Fig. 16-14 — Sehematic diagram and parts information for the 220-Mc. converter. 

— 50-55f. miniature variable (liammarlund 
50). 

C2 — 8-ggf. plastic trimmer (Erie 532-10). 
C3 — 5-ggf. plastic trimmer ( Erie 532-08-0115). 
Li — 3 turns No. 20 tinned, 4-inch diam., 34 inch long, 

center tapped. 
Lt.; — 5 turns No. 20 tinned, 34.-inch diam. Adjust spac-

ing for neutralization; see text. 
L2, L3 — 7 turns No. 20 tinned, spaced 1 diam., 4-inch 

diam., center-tapped. 
La — No. 28 enam. wound one inch on 3-4-inch slug. 

tuned form (National XII-91). 

to advantage in the other converters, when spuri-
ous signals are bothersome. 

Adjustment procedure is similar to that out-
lined for the 144-Mc, model, except that the spac-
ing of the turns in the r.f. coils must be adjusted, 
rather than tuning them by capacitors. As in the 
144-Mc. converter, the order of frequency multi-
plication can be altered to take care of any ex-
treme local interference problems resulting from 
near-by TV, FM or other high-powered stations 
that may ride through as spurious responses. The 
oscillator can be operated on its fifth overtone 
instead of the third, making the second and third 
stages operate as doubler and tripler, or vice 
versa. Fifth-overtone operation of the oscillator 
will require more care in adjustment of feedback 
than is the case with the third. 
The coupling between L8 and L3 will be a factor 

in holding down spurious responses. It should be 
set at the lowest value that will allow satisfactory 
performance, by altering the position of the cou-
pling loops, L3 and Lto, or by varying the value 
of the screen-dropping resistor in the last fre-
quency-multiplier stage. 

If a noise generator is available, and care is 
used in making the adjustments, it should be 
possible to achieve noise figures under 6 db. for 
the 220-Mc, converter and 5 db. for the 144- and 
50-Mc. models, 

Ls — 12 turns No. 20 tinned, spaced one diam., .54-inch 
diam., tapped at turns (11 & W Miniductor 
No. 3007). 

Ls — 4 turns No. 20 tinned, ,¡..inch diam., 34 inch long 
(It & V Nliniductor No. 3003). 

L7 — 5 turns like Ls. Ls and L7 are in line with their cold 
ends spaced inch. 

L8 — 23¡ turns No. 20 enam., 14 inch long. 
LIO — 2 turns insulated wire between turns of L8 

and L3, connected by link of same material. 
J1 — Coaxial fitting. 
J2 — Male 4-prong chassis fitting (Jones P-304-AB). 

• V.H.F. RECEIVING BALUNS 
As pointed out in the preceding converter 

descriptions, coaxial antenna input circuits are 
preferable in v.h.f. receivers where single-ended 
circuitry is employed. Where long transmission 
lines must be used, however, the losses in coaxial 
line discourage its use in feeding the antenna 
system. Particularly on 144 Mc. and higher, 
many amateurs prefer close-spaced open-wire 
lines for runs of 50 feet or more between the 
operating position and the antenna. 
The advantages of coaxial input coupling and 

the low losses of open-wire balanced lines can 
both be retained if some means of coupling be-
tween the balanced line and the unbalanced 
receiver input circuit is provided. Such a device, 
usually called a " balun," is shown in Fig. 13-23D. 
V.h.f. receiver baluns are usually made of small 
coaxial line such as RG-59/U, and installed at 
the converter input terminal. The propagation 
factor of the line should be taken into account, 
making the actual length of the folded portion 
65 per cent of a half-wave. The straight portion 
may be any convenient length, though it is 
usually a wavelength or less. 
A 3-band balun for v.h.f. receiving use may 

also be made by using the coils from a so-called 
"elevator transformer" for this purpose that can 
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Fig. 16-15 — Bottom iew of the i.f. and power supply unit with bottom cover removed. Pot% er compouents are at 
the left. A smaller chassis may be used if less than the three converters are to be built. 

be obtained from some TV receiver parts dis-
tributors. Such a balun would consist of two pairs 
of coils, connected in parallel at one end and in 
series at the other. The parallel end is wired to a 
coaxial connector and the series end to a crystal 
socket or a pair of binding posts. The assembly 
should be housed in a copper or aluminum box 
that may be as small as 1 X 1 ¡,'2 X 2 inches. 

Like the coaxial-line balun, this converts from 
balanced to unbalanced termination, and pro-
vides a 4-to-1 impedance transformation in the 
process. The coils are designed for use across the 
v.h.f. TV range, 54 to 216 Mc., so they will serve 
well for all three amateur v.h.f. bands, 50, 144 
and 220 I\ 10. See Fig. 13-24 for cont)(4.tions. 

• THE I.F. AMPLIFIER AND POWER 
SUPPLY 

The i.f. amplifier (Figs. 16-15 and 16-16) serves 
two useful purposes. It builds up the gain, for 
receivers that may be poor performers at 7 Mc., 
and it provides a means of controlling the over-all 
gain of the system without disturbing the gain or 
S-meter controls on the receiver itself. The re-
ceiver may thus be operated exactly as it would 
be on 7 Me., and the gain of the converter ad-
justed so that v.h.f. signals will be received 

10H. 50Ma. 

II5V 
AC. 

Fig. 16-16 — Schematic diagram and parts information 
controlled converters. 
LI, L2 — No. 28 enameled wire close wound on %-inch 

slug-tuned form ( National X R-91). Lacquer and 
dry before adding coupling winding. Wind on 
upper portion of form. 

similarly to those on lower frequency bands. 
It is obvious from the photographs that the 

i.f. and power supply unit could have been built 
in a smaller space. If the builder is considering 
only one or two of the converters he may wish to 
do this, but where all three are used the arrange-
ment shown is a convenient one. The i.f. chassis 
is a standard size, 3 X 4 X 17-inch aluminum, to 
which a bottom plate is added for shielding. Rub-
ber feet can be attached to the two ends of the 
base, and one on each of the converters at the 
rear, to prevent the combination from marring a 
receiver top. 
The heater voltage, the plate voltage and the 

i.f. input lead are all carried on shielded wire to a 
4-pin plug. This is connected to whichever con-
verter is to be used at the moment, and no other 
changes other than plugging the antenna into the 
proper jack are required in changing from one 
v.h.f. band to another. The shielded wires in the 
cable are bonded together several times and then 
wrapped with plastie tape. The coaxial fitting for 
the connection to the receiver is at the extreme 
right on the rear wall of the i.f. chassis. 
The only adjustment required in the i.f. unit 

is to set the coil slugs (on noise or signal) so that 
the response will be as nearly flat as possible 
across 7 to 11 Mc. 

6CB6 
I.F. AMP. 

Li 

for the i.f. and power supply unit used with the crystal-

L3, L4 — 10 turns same wound over cold ends of L1 and 
L2. 

ji — Coaxial fitting. 
Pt — Female 4-pin on end of cable (Jones S-304-CCT). 
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A Simple Converter for 50 and 144 Mc. 

Though the more complex equipment al-
ready described is typical of the gear that must 
be used in order to attain top performance on 
the v.h.f. bands, it is possible to start with 
simpler devices and still do a good job. The 
converter shown in Figs. 16-17 through 16-20 
provides the best performance that can be ex-
pected from simple equipment. It was not built 
to be the simplest possible receiving device; 
rather, it was designed to provide good results 
with a minimum of complication and cost. 

It uses a dual triode, 6J6, as a combined 
mixer-oscillator, followed by a 6AK5 i.f. ampli-
fier. The latter is necessary; do not try to do 
without it. The output of a triode mixer is too 
low to give adequate gain for most receivers. 
The i.f. amplifier stage makes the converter 
usable with even the simplest receivers, and 
provides a convenient means of controlling the 
over all gain of the system. Plug-in coils mounted 
inside tube-base type forms provide the means 
of changing bands. 

Mechanical Details 

Though it could be built in a much smaller 
space, the converter uses a 3 by 5 by 10-inch 
chassis, allowing plenty of room for the work 
that must be done underside. The main tuning 
condenser is a split-stator variable made from 
a double-bearing double-spaced 15-midd. type. 
Each section is reduced to three stator and two 
rotor plates. This unit is mounted under the 
chassis, as close to the top plate as possible, to 
make room for the vernier dial on the front panel. 
The mixer and i.f. plate coils, L4 and L5, are 
mounted under the chassis. Normally this will 
provide all the shielding necessary for the i.f. 
circuits. If trouble is experienced with signals on 
the intermediate frequency a bottom plate may 
be added to the chassis. The panel is set out from 
the chassis front with half-inch pillars. 
A smooth-running dial on the oscillator tuning 

is a necessity in a v.h.f. converter when com-
munications-receiver selectivity is used. The Na-

tional type (_;..N has a good tuning rate, plus 
ample space for calibration scales for both bands. 
The circuit is so simple that no trouble 

should be experienced if the general parts 
arrangement is followed. Look over the photo-
graphs closely before starting to lay out the 
chassis for drilling. In the rear view, Fig. 16-18, 
the oscillator coil, the 6J6 tube, and the mixer 
grid coil, L1-L2, appear in that order, from left 
to right, close to the panel. The 6AK5 tube is 
nearer the back, with the slug adjustment 
screws of the mixer plate coil, L4, and the i.f. 
plate coils, L5-1.6, at the right and left, respec-
tively. Holes are drilled in spare space at the 
back of the chassis to provide for storage of the 
set of coils not in use. 

Looking in the bottom view, Fig. 16-20, we 
see the oscillator tuning condenser, C5, at the 
center, the 6J6 socket at the left and the coil 
socket at the right. Note that the latter is as 
close to C5 as possible. 
The only critical job in the adjustment pro-

cedure is involved in getting the inductance 
of the oscillator plug-in coils, L3, to the correct 
value. There being only one parallel trimmer 
for the oscillator (C4) the coils must be made 
and adjusted carefully in order to have the de-
sired bandspread on both ranges. 

Considerable care must be used in the place-
ment of the oscillator and mixer components, 
so that all leads will be very short; otherwise 
it will not be possible to resonate these circuits 
at 148 Mc. The 6J6 socket is at the left of C5 
in the bottom view, and the mixer grid circuit 
components appear just to the left of the mid-
dle. The i.f. amplifier gain control, 117, is at 
the right. The 300-ohm line from the crystal-
socket antenna terminal, J1, may be seen at 
the far left. 
The mixer plate coil, the i.f, amplifier socket, 

and the output coil assembly are across the bot-
tom of this view, from left to right. The antenna 
terminal, power plug and i.f. output connector 
are on the rear wall in the same order. 

Fig. 16-17 — A 2-tube converter 
for 50 and 1.11 Mc. The vernier 
dial is for oscillator tuning. The 
two knobs are the i.f. gain con-
trol, right, and the mixer tuning 
condenser. In front are the 2-nie-
ter mixer and oscillator plug-in 
coils. 
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• 

Fig. 16-18— Rear view of the 
simple converter. Near the panel, 
left to right, the oscillator coils 
are - flown in place. The i.f. am-
plifier tube is nearer the back 
of the chassis, with the slug-tuned 
mixer and i.f. plate coils at either 
side. Coils not in use are stored at 
the back of the chassis. 

• 

Test Procedure 

When the assembly and wiring are com-
pleted, the oscillator operation should be 
checked. The power supply should deliver 6.3 
volts a.c., at 1 ampere, and 150 volts (I.c. at 
30 ma., preferably regulated. Insert a milliam-
meter in series with R3 and check for oscilla-

144 or 5C Mc. 

6J6 

3 4 

C2 

64K5 

3('4 

MIXER-65C. 

6J6 

Cs 

tion by touching any bare spot in the oscillator 
plate or grid circuit with a pencil. A change in 
current indicates oscillation. 
Two types of bandspread are possible. With 

the coil values given in the parts list, the 50-Mc. 
band covers about 90 divisions of the dial. The 
144-Mc. band covers about 50 divisions. The 
capacitance needed at C4 is about 12.5 mpfd. in 

136.670140.6 Mc. 
57.4 TO 61.4 Mc.  

  C61 

C5 

R2 C3 cs. 
 • 

.1... 

6.3V. A.0 

—150 V 
6.3V AC. 

+150 V.R 

L3 

c, 

Fig. 16-19— Schematic diagram of the 

Ci — 15-ecifd. midget variable (Ilammarlund 11F-15). 
C2 — 100-pufd. mica or ceramic. 
CS, CS — 47-judd. mica or ceramic. 
Co — 35-pmfd ceramic trimmer (Centralab 820-C). 
C5— Double-spaced split-stator variable, about 8 ;add. 

per section (Hammarlund 111,1)-15-X, reduced 
to 3 stator and 2 rotor plates in each section). 

Co, CII — 68-pmfd. mica or ceramic. 
C7, CS, CIO, Cl2 — 0.01-dd. disk ceramic. 
C13 — 15-551d. ceramic. Connect directly from Pin 5 to 

Pin 7 on 6AK5 socket. 
RI, Ra — 1 megohm, 4 watt. 
112 — 10,000 ohms, 4 watt. 
113, 114, Ro, RIO — 1000 ohms, watt 
116 — 220 ohms, 4 watt. 

—2000-ohm 4-watt potentiometer 
R8 — 22,000 ohms, 1 watt. 
Lt — 50 Me.: 2 turns No. 22 enam. interwound in cold 

end of L2. 
144 Mr.: 3 turns No. 22 enam. 4-inch diam., 

close-wound at cold end of L2. 

64K5 

6 
7.4 MC. 

Rio 

1.5 

two-tube converter for 50 and 144 Me. 
L2 — 50 Mc.: 7 turns No. 22 tinned. 4-inch diam., '115 

inch long (11 & W No. 3003). 
114 Mc.: 2 turns No. 16 tinned, 4-inch diam., 
4-inch long. 

L3— 50 Mc.: 6 turns No. 22 tinned. 4-inch diam., 
inch long center-tapped (B & W No. 3003, with 
end turns spread slightly). Alternate det.ign for 
more bandspread, see text. 

144 Mc.: U-shaped loop No. 12 wire, '4 inch wide, 
1 inch long, center-tapped. 

Coils Li and L2 are supported inside Millen 1-inch 
diameter 4-prong forms. /.3 in Millen 45005, 
5-prong. Saw off to 3z. .inch length. 

L4, L5 — 23 turns No. 22 enam. close-wound on Na-
tional XR-50 slug-tuned form. 

L6-3 turns No. 22 enam. dose-wound at cold end of 
La. 

Ji — Crystal socket for antenna terminal. 
Ja — Coaxial fitting, female. 
Pi — 4-prong power fitting, male. 
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this case. If more bandspread is wanted on 144 
Mc., the setting of C4 can be increased to around 
23 µdd., and L3 reduced to 4 turns. The 2-meter 
band will then cover around 72 divisions. It will 
not be possible to cover the whole of the 50-Mc. 
band with this arrangement, without resetting 
C4, but this is no great handicap so long as activ-
ity is concentrated in the lower portion of the 
band, as at present. 
The frequency of the oscillator may be 

checked with an absorption-type wavemeter or 
Lecher wires. For the 50-Mc, range, the oscil-
lator should tune from 57.4 to 61.4 Me. in 
order to beat with an incoming signal to pro-
duce a 7.4-Me. i.f. (The oscillator is on the 
high side of the signal.) A kick in the oscillator 
plate current, or a flicker in the voltage-regula-
tor tube in the power supply, can be used to 
show when the frequency is found with the 
measuring device. 

Set the padder, C4, so that 57.4 Mc. comes at 
about 5 divisions in from the maximum-
capacity end of the tuning range, and check 
to see where 61.4 Mc. is found. It should come 
just inside the minimum-capacity end of the 
range. If the circuit will not tune to 61.4 Mc. 
the inductance of L3 is too low. Move the 
turns closer together, and reset C4 as before 
for 57.4 Mc. If the bandspread is too small, 
spread the turns and increase the capacitance 
of C4 to compensate, for the desired amount of 
spread, about 90 divisions on the dial. 

Next check the 2-meter range. Here the coil 
must be adjusted in inductance until the oscil-
lator will hit, 136.6 Mc. somewhere between 
the middle and the maximum-capacity end Of 
the tuning range of C5. The high. end, 140.6 
Mc., will then appear about 50 divisions higher 
on the dial. The oscillator is on the low side 
of the signal on this range. Do not change the 
setting of C4 in this process, or it will be neces-
sary to alter the 50-Mc, coil again. 
Once the oscillator covers the proper frequency 

ranges the converter may be tested in art nal re-

ception. Connect the output through a coaxial 
cable to a receiver tuned to approximately 7.4 
Mc. There should be an increase in noise as 
the gain control is turned up. The mixer and 
i.f, amplifier plate windings can be tuned to 
the proper frequency merely by adjusting the 
core screws for maximum noise. 
The mixer grid circuit may also be peaked 

on noise, though care should be taken to see 
that it is not peaked on the image, 14.8 Mc. 
away from the signal frequency. If the grid 
circuit is tuned to the desired frequency there 
will be a considerable increase in the strength 
of a signal as the grid condenser, CI, is tuned 
through resonance. If the circuit is tuned to 
the image frequency the noise will peak up, 
but, an amateur-band signal will drop in strength 
as the noise peak occurs. Tuning the mixer grid 
circuit shifts the oscillator frequency slightly, 
so it may be peaked more accurately on noise 
than when listening to a signal. 
A final check of the dial calibration may be 

made by tuning in signals of known frequency, 
or by means of an accurate signal generator. 
Few wavemeters are sufficiently accurate for 
final calibration by the method outlined earlier. 

If trouble is encountered with signals in the 
7-Mc. region leaking through, the i.f, can be 
shifted slightly to tune out the interference. In 
some instances it may be necessary to put a bot-
tom plate on the chassis. Small changes in inter-
mediate frequency can be made without resetting 
either the oscillator padder or the i.f. coils. With 
the i.f, amplifier built into the converter, the 
setup will have adequate gain for use with almost 
any receiver. Reception will be nearly as good 
as with more complex designs, the principal 
difference being a somewhat higher noise 
figure ( slight ly degraded signal-to-noise ratio) 
in the simpler job. The use of a low-noise r.f. 
amplifier ahead of the converter (an example 
is the preamplifier of Fig. 16-22) will make pos-
sible reception equal to the best obtainable in a 
converter having a tunable oscillator. 

Fig. 16-20 — Bottom 
iew of the two-hand 

,on crier. The split-
stator condenser at the 
enter is for oscillator 
tuning. The oscillator 
mil socket is at the 
right and the 6.16 
socket at the left. The 
mixer tuning con-
denser and grid coil 
,:ocket are in the upper 
left corner, with the 
i.f. coils and tube 
socket at the rear. 
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Low-Noise Preamplifier for 144 Mc. 
The triode preamplifier shown in Figs. 16-21 to 

16-23 will improve the sensitivity and signal-to-
noise ratio of receivers or converters for 144 Mc. 

Fig. 16-21— Two-meter preamplifier using two 6AJ4 
tubes. Adjustments are (left to right) input tuning 
capacitor, slug of neutralizing winding, and the plate 
tuning capacitor of the second stage. 

that are deficient in these respects. Two separate 
triode tubes are shown, but any of the dual triodes 
designed for v.h.f. amplifier service may be used 
similarly. The circuit may be adapted to use on 

6AJ4 till 64J4 

3 

— 

Cew 
RFC1 

- 6.3V 6.3v 
-2oox 

RFC3 

L3 

3 

200V. 

Fig. 16-22— Schematic diagram and parts list for the 
low-noise preamplifier. 

Cu, Ca Plastic trimmer, 1 to 8 mpfd. (Erie style 
532-10). 

Ca, Ce, C5, Ce — 0.001-pfd. disk ceramic. 
RI — 68 ohms, 3,¡ watt, carbon. 
R2 — 0.47 megohm, % watt. 
R 3 — 470 ohms, y¡ watt, carbon. 
Li — 4 turns No. 16 tinned, %.inch diam., spaced 1 

diameter, tapped at 1% turns from ground end. 
L2 — 4 turns No. 24 on %-inch slug-tuned form. 
La — 5 turns No. 18 enam., %.inch diam., spaced half 

diameter. 
Le — 2 turns insulated wire wound over cold end of L3. 
ji — Coaxial antenna fitting. 
Pt - Coaxial plug on cable of suitable length to reach 

converter input. 
RFC' — 22 turns No. 22 enam., %-inch diam., close. 

wound. 
RFC2, RFC3— 18 turns each, No. 24 enam., %.inch 

diam. Twist wires together before winding. Coat 
turns with household cement. 
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50 or 220 Mc., by suitable alteration of coil and 
condenser values. 

Pin connections given on the schematic dia-
gram, Fig. 16-22, are for the 6AJ4 or 6AM4. 
Other tubes such as the 6AN4 and 417A will work 
equally well, if pin connections shown in the tube 
data section of this Handbook are followed. Slightly 
different values of cathode bias resistor may be 
needed if tubes other than the 6AJ4 are used. 
The preamplifier is housed in a standard 3 X 4 
X 5-inch aluminum utility box. The components 
were mounted on a sheet of flashing copper and 
the preliminary work of wiring was done with 
this plate as a chassis. The plate was later fas-
tened to the inside of the top of the box. The 
parts could be mounted on the box directly, but 
they are more accessible if the work is done as 
described above. 
Looking at the interior view, Fig. 16-23, we see 

the coax fitting, the first tube socket and the in-
put circuit at the left. Between the tube sockets, 
at the center of the copper base plate, is the slug-
tuned neutralizing winding, L2. A small copper 
shield divides the second socket, isolating the in-
put and output circuits. This shield is not always 
needed, but it may be an aid to neutralization. 
At the far right are the output circuit and the 
bifilar-wound r.f. chokes for the heater circuit of 
the second stage. The tuning condensers, C1 and 
C2, are plastic trimmers of a design that allows a 
saving in space and offers lower minimum capaci-
tance and lead inductance than conventional flat-
plate trimmers. 
The five grid pins of the 6AJ4 may be strapped 

together or used individually, as layout require-
ments dictate. In this instance, Pin 4 is used for 

Fig. 16.23— Interior view of the 144-Mc. r.f. amplifier. 
A small shield across the second tube socket isolates the 
input and output circuits. The amplifier is built on a 
copper plate, which is then fitted to the top of a standard 
aluminum utility box. 
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the hot end of LI, with the trimmer, C1, connected 
to Pin 3. In the second stage, Pins 3 and 4 are 
tied to the grid side of R2, and Pin 1 is by-passed 
by C4. 

Adjustment 

A noise generator will make the adjustment of 
the amplifier easy, as it is then only necessary to 
peak the plate circuit (by C2) for maximum gain, 
and then adjust the inductance of L3 and the 
setting of C1 for lowest noise figure. It is possible 
to follow this routine using signals or a signal 
generator, but it is a more difficult process. 

If a signal is to be used, peak the second plate 
circuit for maximum response first. Then tune the 
input circuit for maximum also, if the amplifier 
does not oscillate. If it should oscillate, vary the 
setting of the slug in L. to stop it, before attempt-
ing to peak any other adjustments. In adjusting 

the input circuit, watch for best signal-to-noise 
ratio, now, rather than for maximum gain. This 
will show up somewhat on the high-capacity side 
of the maximum-gain point, as the rotor of C1 is 
turned into the stator. 
The position of the tap on L1 can be adjusted 

in the same way. The optimum point will be 
higher on the coil than the point at which maxi-
mum gain is observed. If the amplifier is adjusted 
at 146 Mc. it should not be necessary to repeak 
it across the entire band. 
An amplifier of this sort should not be expected 

to produce a large improvement in reception 
when it is used ahead of a converter that already 
has a good triode front end, but installed ahead 
of a pentode amplifier, and particularly a con-
verter having a bandswitching r.f. circuit, it will 
help considerably in the reception of weak signals, 
by increasing the margin of the signal over noise. 

Receivers for 420 Mc. 

For best signal-to-noise ratio, rt., lin any 
frequency should have the hight't degree of 
selectivity that can be used successfully at the 
frequency in question. With crystal control or its 
equivalent in stability accepted as standard prac-
tice on all bands up through 148 Mc., there is lit-
tle point in using more bandwidth in receivers for 
these frequencies than is necessary for satisfac-
tory voice reception, a maximum of about 10 ke. 
Such communication selectivity is now being used 
successfully by most workers on 220 and 420 Mc., 
too, but it imposes several problems not encoun-
tered on lower bands. 

First is the matter of oscillator instability in 
the converter. Even the best tunable oscillator at 
420 Mc. suffers from vibration and hand-capacity 
effects sufficiently to make it difficult to hold the 
signal in a 10-kc. i.f. bandwidth. 

Then, there are still some unstable transmitters 
being used in work on 220 and 420 Mc. It is out of 
the question to copy these on a selective receiver. 

Last, searching a band 30 megacycles wide is 
excessively time-consuming when communica-
tions-receiver selectivity is used in the i.f. system. 
There is no single solution to these problems, 

but the best approach appears to be that of 
breaking up of the band into segments for differ-
ent types of operation. This is being done by mu-
tual agreement among 420-Mc, operators at 
present, as follows: 420 to 432 Mc. — modulated 
oscillators and wideband FM; 432 to 436 Mc. — 
crystal-controlled c.w., AM and narrow-band 
FM; 436 to 450 — television. 
The first segment can be covered with a super-

regenerative receiver, a superheterodyne having 
a wideband i.f. system, or a converter used ahead 
of an FM broadcast receiver. The high selectivity 
required for best use of the middle portion makes 
a crystal-controlled or otherwise highly stable 
converter and communications receiver combina-
tion almost mandatory. Amateur TV is usually 
received with a converter ahead of a standard TV 

receiver, tuned to some channel that is not in use 
locally. 
Many of the tubes used on the v.h.f. bands are 

useless at 420 Mc., and the performance of even 
the best u.h.f. tubes is down compared to lower 
bands. Only the lighthouse or pencil-triode tubes 
and a few of the miniatures are usable, and these 
require modifications of conventional circuit tech-
nique to produce satisfactory results. 

Crystal diodes are often used as mixers in 420-
Mc. receivers, as in this frequency range they 
work nearly as well as vacuum tubes. The over-all 
gain of a converter having a crystal mixer is about 
10 db. lower than one using a tube, so this differ-
ence must be made up in the i.f. amplifier. The 
noise figure of a receiver having a crystal mixer 
and no r.f. stage includes the noise figure of the 
i.f. amplifier following the mixer, so best results 
require that the LI% amplifier employ low-noise 
techniques discussed earlier in this chapter. If 
the i.f. is 50 Mc. or higher it is particularly im-
portant that a low-noise triode be used for the 
first i.f. stage. 

Crystal diodes of the type used in radar mixers, 
such as the 1N21 series, are well suited to 420-Mc. 
mixer service, though care must be taken to avoid 
damage from transmitter r.f. energy. Other types 
of crystal diodes such as the 1N72 and CK710 
will stand higher values of crystal current, and 
their use is recommended. 
Few conventional vacuum tubes work well as 

mixers at 420 Mc. and higher. The 6J6 is useful 
where a balanced input circuit is desired, as in 
Fig. 16-5B. For single-ended circuitry the 6211%14 
and 6AN4 are recommended. They may be used 
in grounded-grid or grounded-cathode circuits. 

For high-selectivity coverage of the 432- to 
436-Mc, segment of the band, a common practice 
is to use a crystal-controlled converter working 
into another converter for either the 50- or 144-
Mc. band, tuning the latter for the four-mega-
cycle tuning range. 
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• A-420-MC. R.F. AMPLIFIER 

The r.f. amplifier shown in Figs. 16-24 through 
16-26 is capable of a gain or more than 15 d1). 
and its noise figure can be as low as 6 db. with 
careful adjustment. It will make a large improve-
ment in the sensitivity of any converter or receiver 
that has no r.f. stage, or one that is working 
poorly. 
The design shown is for either the OAJ4 or 

6AM4, but with suitable socket and pin-connec-
tion changes the 417A and 6AN4 will work 
equally well. It is a grounded-grid 
amplifier with a half-wave line in 
the plate circuit. The antenna is 
connected to the cathode of the 
tube through a coupling condenser. 
As the input impedance of the 
grounded-grid stage is low, noth-
ing is gained by the use of a tuned 
circuit in the cathode lead. Output 
is taken off through a coupling 
loop at the point of lowest r.f. 
voltage along the line. 
The amplifier is built in a frame 

of flashing copper that serves as 
the outer conductor of the tank 
circuit. The whole assembly is 10 
inches long and 1% inches square, 
except for the bottom, which is 
about 1% inches wide. Edges are 
folded over with lips % inch wide 
which slide into a bottom cover 
made from copper sheet 2% by 10 
inches in size, with its edges bent 
up % inch wide on each side. 
The plate circuit is made of 4-inch copper 

tubing tuned by a copper-tab capacitor at the 
far end from the tube. Plate voltage is fed in at 
the point of minimum r.f. voltage, which in this 

611J4 
5 

34 9 

78 

RFC2 RFC3 

C3 

R2 C4 

C2= 

+150K 

.150V. 
6.3V. 6.3V. 

Fig. 16-25 — Schematic diagram of the 420-Mc. r.f. 
amplifier. 
Ci — 500-gpfd. ceramic. 
C2, Ca — 1000-titifd. ceramic feed-through (Erie style 

2404). 
C4 — Copper tabs, 34-inch diam.; see text and photo-

graphs. 
Ri — 150 ohms, h watt. 
R2 — 470 ohms, h watt. 
Li — Wt.-inch copper tubing, 7% inches long, tapped 

2% inches from plate end. 
L2 — Loop of insulated wire adjacent to Li for % inch. 
J1. J2 — Coaxial fitting. 
RFC', RFC2, 11FC3— 9 turns No. 22, 34-inch diam., 

spaced one diam. 

instance is about 5 inches from the open end. 
The antenna is connected to the cathode through 
a coupling condenser. The input impedance of 
the grounded-grid amplifier is so low that nothing 
is gained by using a tuned circuit at this point. 
The cathode and heater are maintained above 
ground potential by small air-wound r.f. chokes. 
The tube socket is two inches in from the end 

of the trough, and is so oriented that its plate 
connection, l'in 5, is in the proper position to 
connect to the line with the shortest possible 
lead. A copper shielding fin is mounted across 

Fig. 16-24 — A highly effective r.f. amplifier for • 120 \lc. The tank circuit 
is a half-wave line made of flashing copper. Coaxial fittings are for input 
and output connections. Heater and plate voltages are brought in on feed-
through by-pass capacitors just visible on either side of the 6AJ4 tube. 

the interior of the trough 21%; inches from the 
end, dividing the socket so that Pins 3, 4, 5 and 
6 are on the plate side of the partition. 
Minimum grid-lead inductance is important. 

This was insured by bending all the grid prongs 
down against the ceramic body of the socket, and 
then making the mounting hole just big enough 
to pass this part of the socket and the prongs. 
They were soldered to the wall of the trough. 

Input and output connections are coaxial 
fittings mounted on the side wall of the trough. 
B-plus and heater voltage are brought into the 
assembly on feed-through capacitors mounted on 
the same side of the trough as the tube. Con-
nection to the inner conductor of the line is 
made with a grid clip, so that the point of connec-
tion can be adjusted for optimum results. 
The copper tubing is slotted at the plate end 

with a hack saw to a depth of about % inch, and 
a strip of flashing copper soldered into this slot 
to make the plate connection. A copper tab about 
the size of a one-cent piece is soldered to the other 
end of the tubing to provide the stationary plate 
of C4. The line is supported near the low-voltage 
point by a 3%-inch-thick block of polystyrene. 
This is centered at a point 5% inches in from 
the tube end of the trough assembly. The hole 
for the B-plus feed-through is 43% inches from 
the same end. 
The movable plate of C4 is soldered to a screw 

running through a nut soldered to the upper 
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surface of the trough at a point inch in from 
the open end. If a fine-thread screw is available 
for this purpose it will make for easier tuning, 
though a 6/32 thread was used in this model. This 
made a wobbly contact, so a coil spring was in-
stalled between the top of the trough and the 
knob to keep some tension on the adjusting screw. 
Adjustment of the 420-Mc, amplifier is made 

easier if a noise generator is used, though it is 
not as important as in the case amplifiers with 
tuned input circuits. If the amplifier is working 
properly there will be an appreciable rise in noise 
as the plate circuit is tuned through resonance, 
and it may break into oscillation if operated 
without load. When connected to a following 
stage, with a reasonably-matched antenna plugged 
into J1, the amplifier should not oscillate unless 
the coupling loop, 1.2, is much too far from the 
inner conductor. 
When the amplifier is operating stably and 

tuned to a test signal (or to a peak of response 
to a noise generator), the next step is to locate 
the optimum position for feeding the plate volt-
age into the line. This may be done by running 
a pencil lead slowly up and down the inner con-
ductor, until a spot is found where touching the 
lead to the line has little or no effect on the opera-
tion of the amplifier. The plate voltage clip should 
be placed at this point and the process repeated, 
moving the clip slightly until it is at the minimum-
voltage point precisely. This adjustment should 
be made at the midpoint of the tuning range 
over which the amplifier is to be used. 
The position of the coupling loop should then 

be adjusted for best signal-to-noise ratio. This 
will probably turn out to be with the insulated 
wire lying against the inner conductor for a 
distance of about to 1 inch, starting at the 
minimum-voltage point just located. 

• A CRYSTAL-CONTROLLED CON-
VERTER FOR 432 MC. 

The converter shown in Figs. 16-27 through 
16-30 is designed to provide high sensitivity and 
signal-to-noise ratio in reception of signals in the 
432- to 4:36-Mc. range. It uses a grounded-grid 
r.f. amplifier stage similar to the one shown in 
Fig. 16-24, working into a crystal-diode mixer. 

Fig. 16-26 — Bottom view of the 
420-Me. r.f. amplifier, with the 
slip-on cos er removed. The inner 
conductor of the tank circuit is 
held in place by a block of poly-
styrene, mounted near the low. 
voltage point on the line. The 
plate-voltage feed-through and 
output muffling loop may he seen 
at the left of this support.. I leater, 
cathode and antenna-cireuit com-
ponents are in a separate com-
partment at the tube end of the 
assembly. The line is tuned at the 
opposite end by a handmade 
copper-tab capacitor. 

The intermediate frequency, with the design con-
stants given, is 50 to 54 Mc., though lower fre-
quencies could be used by suitable modification 
of the injection chain. 

Crystal-controlled injection on 382 Mc. is pro-
vided by two 6J6s operating as overtone oscilla-
tor-tripler and tripler-doubler, respectively. As 
only a small amount of r.f. is required at 382 Mc., 

Fig. 16-27 — A crystal-controlled converter for 432 
to 436 Mc. R.f. and mixer stages are in copper sub-
assemblies at the right. ti.eillator, multiplier and i.f. 
amplifier are on the left side. 

this line-up is not difficult to build or adjust. An 
inexpensive 7-Me. crystal is used. An i.f. pre-
amplifier stage follows the crystal mixer. This 
may or may not be needed, depending on the per-
formance of the receiver or converter that will 
serve as the tunable i.f. Low-noise amplification 
in the i.f. stage is a factor in the over-all perform-
ance of the system, so use of the built-in i.f. stage 
is recommended. 

Construction 

The converter is built on a 7 X 11 X 2-inch 
aluminum chassis, with the r.f. and mixer por-
tions in a copper subassembly that mounts on 
the top of the chassis, at the right side as seen in 
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Fig. 16-28 — Interior 
of the r.f. amplifier and tni.cr 
assemblies. The r.f. circuit is 
a half-wave line. The shorter 
assembly is the quarter-1.a% e 
line using a crystal diode 
mixer. 

Fig. 16-27. The oscillator-tripler and tripler-
doubler 6J6s are at the left front, with the 6BQ7A 
i.f, amplifier at the rear. The mixer line is the short 
portion of the copper assembly, with the r.f. 
amplifier line at the right. In the bottom view, 
Fig. 16-28, the injection-chain and i.f. amplifier 
components are visible. 

Fig. 16-28 is an interior view of the r.f. and 
mixer lines. These are made as two separate as-
semblies, joined by short length of copper tubing 
that is visible in the top view. Both tank circuits 
are 1% inches square, with 3-inch copper 
tubing inner conductors. They are made from 
sheets of flashing copper 4% inches -wide. The 
mixer compartment is 5q inches long and the 
r.f. portion is 10 inches long. 
The r.f. amplifier is similar structurally to 

the one described previously, except for the 
method of coupling between it and the crystal 
mixer. This is done with a grid clip on each line 
and a ceramic coupling condenser. The lead from 
the capacitor, inside the amplifier line, is brought 
through a half-inch length of copper tubing that 
is soldered into the walls of both lines. The lead is 
insulated wit h spaghetti sleeving. 
The B-plus feed to the r.f. stage should be at 

the point of minimum r.f. voltage, 1M" t inches 
from the plate end of the copper tubing. The 
coupling tap is one inch out from the B-plus feed-
point. The coupling point on the mixer line is 1 
inch from the ground end. The crystal diode is 
inserted in a small hole in the mixer inner con-
ductor, 1 inches from the ground end. The 
inner conductors of the r.f. and mixer lines are 

• 

Fig. 16-29 — Bottom view of 
the 432-Mc, converter, show-
ing the oscillator, multiplier 
and i.f. amplifier circuits. 
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7 3/16 and 5 inches long, respectively. Mixer 
tuning is done with a small plastic trimmer, C10, 
while the r.f. plate circuit is tuned with a hand-
made tab capacitor, Cg, similar to C4 in Fig. 
16-25. 
Note the r.f. by-pass, Cg, on the outside of the 

mixer line. This is made from a piece of copper 
741 inch in diameter, insulated from the line hous-
ing by a piece of vinyl plastic. Two thicknesses 
of the material commonly used for small parts 
envelopes are satisfactory. The crystal, which 
may be any of the u.h.f. diodes, is slipped through 
a close-fit hole and is held in place by the wire 
soldered to its outside terminal. 

Plate and filament voltages are fed into the 
assembly on feed-through by-pass capacitors, 
visible in the top-view photograph. Antenna con-
nection is made through a coaxial fitting on the 
end of the r.f. assembly. A crystal-current jack, 
a 4-pin power fitting and two i.f. connectors are 
on the end wall of the chassis. The second coaxial 
connector was installed so that tests could be 
made with and without the i.f. amplifier stage. 

Wiring in the power circuits is done with 
shielded wire, in case that TVI might result from 
the oscillator or multiplier stages. The addition 
of a bottom plate and power-lead filtering would 
then be effective. Injection and i.f. coupling leads 
are also made of shielded wire, this serving in 
place of coax line that is harder to handle. 
The output of the injection chain is coupled 

into the mixer line by means of a loop, Lg, that 
is not visible in the photographs. This loop is 
mounted on the copper base plate that is under 
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controlled converter. % aloes given are for an i.f. of 50 to 54 Mc. 

Cl — 75-gpf. miniature trimmer (Hammarlund APC-
75). 

C2, C3, C4 — 2-pd. miniature trimmer (Johnson 
20M11). 

c5- 25..f. miniature trimmer (Hammarlund APC-
50). 

CR, C7 500-µd. feed-through ceramic (( entralab 
M FT -500) . 

Cs — Handmade copper-tab by-pass; see text. 
CS/ — Handmade copper-tab variable; see text. 
C10 — 0.5- to 5-gpf. plastic trimmer (Erie sty le 532-08-

ORS). 
Li — 13% turns No. 20 tinned, 5/8-inch diam., inch 

long, tapped at 4% turns (B & W Miniductor 
No. 3007). 

• — 5 turns No. 20 tinned, 3/3-inch diam., ,% inch long 
(B & W Miniductor No. 3003). 

L3 — 2% turns similar to L2. 
• — 2 turns No. 12 tinned, 3-inch diam., % inch long. 
Lfi — 1 turn ins, wire between turns of L4. May be inner 

conductor of shielded wire, with braid removed. 

the mixer and r.f. assembly. Its size and proxim-
ity to the mixer inner conductor are not particu-
larly critical, as there is a surplus of injection 
under ordinary conditions of operation. 

Adjustment 

The first step in putting the converter into op-
eration is to tune up the oscillator and multiplier 
stages. This process is similar to the adjustment 
of a transmitter and will not be detailed here. 
Check to see that the proper frequencies appear 
as indicated on the schematic diagram. Only 
enough power at 382 Mc. is needed to develop 
about 0.5 ma. of crystal current. Anything from 
0.2 to 1.0 ma. is satisfactory. Adjustments should 
be made with no plate voltage on the r.f. stage. 
Now connect the converter to a 50-Mc. re-

ceiver or converter and peak the i.f. amplifier 

L4 

TO L8 

SO MC. 
LI, 

1,2 

1.6 — Half-wave line, 3.-inch copper tubing, 7 3/16 
inches long. 

L7 — Quarter-wave line, 3./4-inch copper tubing, 5 inches 
long. 

Ls — Loop of insulated wire 1 inch long and % inch 
high projecting through base plate on which line 
assemblies are mounted. May be made from 
inner conductor of shielded wire, with braid re-
moved from last two inches. 

1,0 — 2 turns No. 22 enam. around cold end of Lio. 
— 6 turns similar to L2. 

LI I — 11 turns No. 22 enam. close-wound on 3/8-inch 
slug-tuned form (National X11-91). 

142 — 4 turns No. 28 silk or enamel wound over cold 
end of Li'. 

/I, /2 — Coaxial fitting. 
Ja — Closed-circuit jack. 
.14 — 4-pin male chassis fitting. 
RFC — 10 turns No. 22 tinned, 3/3-inch diam. Space 

turns diam. of wire. 

circuits at about 52 Mc. on noise. Next apply 
plate voltage and feed a signal into the r.f. stage. 
Peak the r.f. and mixer capacitors for maximum 
response at about 434 Mc. These adjustments 
can be made on noise also, if the circuits were 
close to resonance originally. A noise generator 
will give the best check on converter performance, 
but the margin of signal over noise that is obtained 
on a received signal is also usable, if adjustments 
are made with care. 
The points of connection for the B-plus and the 

coupling taps on the r.f. and mixer lines are criti-
cal adjustments, but if the dimensions given 
above are followed carefully the points should be 
close to optimum. Adjustments can be made and 
checked readily if the r.f.-mixer assembly is 
mounted in place temporarily with a few self-
tappi ng screws. 
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V.H.F. Transmitters 
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Beginning with the v.h.f. region, ama ir 
frequency assignments are not in direct har-
monic relationship with our lower-frequency 
bands. This fact, coupled with the necessity 
for extreme care in selection and placement 
of components for low circuit capacitance and 
minimum lead inductance, makes it highly 
desirable to construct separate gear for v.h.f. 
work, rather than attempt to adapt for v.h.f. 
use a t ransmit ter designed for the lower ama-
teur frequencies. 
Transmitter stability regulations for the 50-

Mc. band are the slime as for lower bands, 
and proper design may make it possible to 
use the same rig for 50, 28, 21, and even 14 
Mc., but incorporation of 50 Mc. and higher 
in the usual multiband transmitter is gener-
ally not feasible. Rather, it is usually more 
satisfactory to combine 50 and 144 Mc., 
since the two bands are close to a third-har-
monic relationship. At least the exciter portion 
of the transmitter may be made to cover the 
requirements for bot h these bands very readily. 
Though no stabilit y restrictions are imposed 

by law on operation at 144 Mc. and higher 
amateur bands (other than that the entire 
emission must be kept within the limits of the 
band in question), experience has demon-
strated the value of using crystal control or its 
equivalent in v.h.f. work. Crystal-controlled 
transmitters and receivers having the minimum 
bandwidth necessary for voice communient ion 
make it pos.sible for hundreds of stations to 
operate without undue interference in a band 
that would appear crowded if occupied by a 
dozen or less stations using broadband receivers 
and unstable transmitters. 
The use of narrow-band communications 

systems also pays off in t he form of improved 
efficiency in both transmitter and receiver. It 
is this factor, perhaps more t han the inter-
ference potentialities of the wide-band systems, 
which makes it desirable to employ advanced 
techniques at 220 and even 420 Mc. Stabilized 

transmitters for 220 Mc. are not too difficult 
to build, and their use at this frequency is 
highly recommended. 

Construction of multistage rigs for 420 Mc. 
is not easy, and the choice of tubes suitable 
for this type of work is quite limited, but the 
advanced amateur who is interested in making 
the most of the interesting possibilities afforded 
by this developing field will be satisfied with 
nothing less. The 420- Mc, band is much 
wider than our lower v.h.f. assignments, how-
ever, and interference is not likely to become a 
limiting factor in this band for a long time to 
come. Thus it may be more important, in 
many localities, to get activity rolling with 
any sort of gear, leaving perfection in design 
to come along as the need develops. 

At 420 Me. and in the higher amateur as-
signments most standard tubes cannot be used 
with any degree of success, and special tubes 
designed for these frequencies must be em-
ployed. These types have extremely close elec-
trode spacing, to reduce transit-time effects, 
and are constructed with leads having virtu-
ally no inductance. Several more-or-less con-
ventional tubes are now available which will 
operate with fair efficiency up to about 500 
Me., but best performance is obtained with the 
"lighthouse," " pencil tube," or coaxial-electrode 
types built especially for u.h.f. applications, and 
requiring specially-tlesigiied tank circuits. 

Frequency modulation may be used through-
out the v.h.f. and higher bands, wide-band 
emission being permitted above 52.5 Mc. and 
narrow-band FM anywhere. Where suitable re-
ceivers are available to make best use of such 
emissions, either wide-band or narrow-band 
FM can provide effective v.h.f. communication. 
Their use is particularly advantageous in con-
gested areas where the freedom from interference 
to broadcast and television reception they enjoy 
111:ly permit operation when an amplitude-modu-
lated transmitter of any power would be a con-
stant source of trouble. 

Transmitter Technique 
The low-power stages of a transmitter for tht• 

v.h.f. bands need not be greatly different in de-
sign from those used for lower bands, and many 
of the ideas in Chapter Six may be used to good 
advantage in the initial stages of the v.h.f. rig. 
The constructor has the choice of starting at some 
lower frequency, usually around 6, 8 or 12 Mc., 
multiplying to the operating frequency in one or 
more additional stages, or he can use a high 

initial frequency and thus reduce the number of 
multiplier stages required or eliminate them en-
tirely. The first approach has the virtue of em-
ploying low-cost crystals, and it usually results in 
better stability when methods other than crystal 
control are used, but high-frequency crystals may 
effect a considerable economy in power consump-
tion, an important factor in portable or emer-
gency-powered gear. 

385 
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A high starting frequency may be helpful in 
preventing TVI that can result from amplification 
of unwanted harmonies from a crystal oscillator 
on 6. 8 or 12 Mc. Several troublesome harmonies 
are eliminated if a crystal frequency of 24 Mr 
or higher is used. 

• CRYSTAL OSCILLATORS 

Crystal oscillator stages for v.h.f. transmitters 
may make use of any of the circuits shown in 
Chapter 6, when crystals up to 12 Mc. are em-
ployed, but certain variations are helpful for 
higher frequencies. Crystals for 12 Mc. or higher 
are usually of the overtone variety. Their fre-
quency of oscillation is an approximate multiple 
of some lower frequency, for which the crystal is 
actually ground. Thus 24-Mc. crystals commonly 
used in 144-Mc. work are 8-Mc, cuts, specially 
treated for overtone characteristics. Until recent 
years such crystals were tricky in operation and 
subject to excessive drift if operated at high 
crystal current. The overtone crystals now being 
supplied are approximately as stable as those 
designed for fundamental operation, and they 
are easy to handle in properly designed circuits. 

Best results are usually obtained with overtone 
crystals if some regeneration is added. This makes 
for easy starting under load and greater output 
than would be obtainable in a simple triode or 
tetrode circuit. Two regenerative circuits, with 
constants for 24- or 25-Mc, crystals, art' shown 
in Fig. 17-1. Triodes are shown, but the same 
arrangement may be used with tetrode or pentode 
tubes. The important point in either case is the 
amount of regeneration, controlled by the posi-
tion and number of turns in the feed-back wind-
ing, L2, in Fig. 17-1-A or the position of the tap on 
L1 in B. There should be only enough feed-back 
to assure easy crystal starting and satisfactory 
operation under load; too much will result in ran-
dom oscillation not under the control of the 
crystal. 

C3 

(A) (B) 

Fig. 17-1— Regenerative erv:tal oscillator circuits for 
v.h.f. use. Feed-back is controlled by the position of L2 
with respect to LI in A, or by the position of the tap on 
LI in B. Constants below are for 24 to 27 Mc. 

Ci — 50-upfd. variable. 
C2 — 0.005-gfd. ceramic or mira. 
C3 — 25-pufd. ceramic or mica. 
RI — Decoupling resistor, 1000 to 5000 ohms, carbon. 
R2 — Grid leak, to suit tube used. 
LI (A) — 18 turns No. 18, 4-inch dia., 1% inches long. 
L2 (A) — 3 turns similar to A, mounted on same axis, 

about ;4; inch apart. 
Li (B) — 14 turns No. 18, 4-inch dia., 1 inch long. Tap 

at about 4 2 turns (see text). 

Outp,t 

1000 

7F8 or 12AT7 

e 

1000 

Fig. 17-2 — The functions of crystal oscillator, cath-
ode follower and frequency multiplier are combined in 
this dual-triode circuit. The circuit LIC1 tunes to the de-
sired overtone frequency, and L2C2 its second or third 
harmonic. L3 should resonate with tube and crystal ca-
pacitance just below the frequency of oscillation. The 

,,f the r.f. chokes in the cathode circuit is not 
critical. Values for obtaining 144-Mc. output with a 
2 I- \ lc. erystal are given below. 

CI — 20-ggfd. variable. 
C2 — 10-ggfd. variable. 
Li — 5 turns No. 18, 4-inch diam., inch long. 
1.2— 2 turns No. 18, 4-inch diam., inch long. 
L3 — 4 turns No. 18, diam., inch long. 

Overtone operation is possible with standard 
fundamental-type crystals, using the circuits of 
Fig. 17-1. Practically all will oscillate on their 
third overtones, and fifth and higher odd over-
tones may be possible. Adjustment of regenera-
tion is more critical, however, if the crystals are 
not ground for overtone characteristics. It should 
also be noted that the frequency may not be an 
exact multiple of that marked on the crystal 
holder, so care should be used in working with 
crystals that are near a band edge. 

Crystals ground for overtone service can be 
made to oscillate on other overtones than the one 
marked on the holder. A 24-Mc. crystal, actually 
an 8-Me. cut, may be made to oscillate on 40, 56, 
72 Mc. or even higher odd multiples of its 8-Mc. 
fundamental frequency. The circuits of Fig. 17-1 
may be used, but for high-order overtones the 
dual triode circuit of Fig. 17-2 is more reliable. 
Values for achieving 144-Mc, output with a 24-
Mc. crystal (9th overtone instead of 3rd) are 
given. 
The crystal is resonated, by means of L3 con-

nected across it, at a frequency just below the 
desired overtone, or about 70 Mc. in this example. 
Circuit W I tunes to the desired overtone, 72 
Mc.; L2C2 to a harmonic, in this case 144 Mc. 
Regeneration is controlled by varying the cou-
pling between L1 and L3, so that only crystal 
oscillation is developed. Polarity of these wind-
ings is important; bringing them closer should 
reduce the tendency to self oscillation. 

Crystals are now available for frequencies up 
to around 100 Mc. They are somewhat more 
expensive than those for 30 Mc. and lower, how-
ever, so they have not been used widely in ama-
teur work, except where a saving in power is 
important. Use of 50-Mc. crystals is made occa-
sionally as a means of preventing radiation of 
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the harmonics of lower frequency crystals that 
might cause interference to television reception. 

• FREQUENCY MULTIPLIERS 
Frequency multiplying stages in a v.h.f. trans-

mitter follow standard practice, the principal pre-
caution being arrangement of components for 
short lead length and minimum stray capacitance. 
This is particularly important at 144 Me. and 
higher. To reduce the possibility of radiation of 
oscillator harmonics on frequencies that might 
interfere with television or other services, the 
lowest satisfactory power level should be used. 
Low powered stages are easier to shield or filter, 
in case such steps become necessary. 
Common practice in v.h.f. exciter design is to 

make the tuned circuits capable of operation over 
the whole range from 48 to 54 Mc., so that the 
output stage can drive either a 50-Mc. amplifier 
or a tripler from 48 to 144 Mc. Tripling is often 
done with push-pull stages, particularly when the 
output frequency is to be 144 Mc. or higher. The 
output capacitances of the tubes in such a circuit 
are in series, permitting a better L/C ratio than 
is possible with single-ended circuits. 

• AMPLIFIERS 
Most transmitting tubes now used by ama-

teurs will work on 50 Mc., but for 144 Mc. and 
higher the tube types are limited to those having 
low input and output capacitances and compact 
physical structure. Leads must be as short as 
possible, and soldered connections should be 
avoided in high-powered circuits, where heating 
may be great enough to reach the melting point 
of the solder used. 

Plug-in coils and their associated sockets or 
jack bars are generally unsatisfactory for use at 
144 Mc. and higher because of the stray induct-
ance and capacitance they introduce. One way 
around this trouble is the dual tank circuit shown 
in Fig. 17-3. Here the tank circuit for 144 Mc. 
is a conventional tuned line, with its shorting bar 
made removable by plugs or clips. When the 
stage is to be used on another band the shorting 
bar is removed and a coil is plugged into the jack 
bar, the line then serving as a pair of plate leads. 

+N.V. 

Fig. 17-3 — An efficient two-band tank circuit for 50 
and 144 Mc. For operation on 144 Mc. the shorting bar 
is plugged into the end of the line. For 50 Mc. a suitable 
tank coil is plugged into the jack bar. The line then 
serves merely as a pair of plate leads. RFC1 is a 144-Mc. 
choke; RFC2 a 50-Mc. choke. The split-stator variable, 
CI, tunes either circuit. 
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Fig. 17 4 — Half-wave line tank circuit, for use at 220 
or 420 Mc., where tube and circuit capacitances prohibit 
the use of an ordinary tuned circuit. Plate voltage is fed 
into the line at the point of lowest r.f. voltage (see text). 

Such an arrangement will operate as efficiently 
on 144 Mc. as if it were designed for that band 
alone, yet it can be made to work properly on 
any lower band. 
At 220 Mc. and higher it may be necessary to 

employ half-wave lines as tuned circuits, as shown 
in Fig. 17-4. Here the tuning capacitance, instead 
of being connected directly in parallel with the 

RFC, 

fmrn 
115 V. A.G. 

Outpul 

Fig. 17-5— Grounded-grid r.f. amplifier. Driving volt-
age is fed into the cathode circuit, with the control grids 
maintained at ground potential. 

output capacitance of the tube, is at the far 
end of a half-wave line. Plate voltage is fed into 
the line near the middle, at the point where the 
r.f. voltage is lowest. The proper point can be 
located by first operating the stage with the 
voltage fed in near the middle of the line, and 
then touching a pencil point along the line to 
locate the spot where the least effect on the grid 
or plate current is noted. This check should be 
made with the pencil in an insulating mount, if 
dangerous values of plate voltage are used. 

Neutralization of triode amplifiers for 50 and 
144 Mc. can follow standard practice, but the 
stray inductance and capacitance introduced by 
the neutralizing circuits may be excessive for 
220 Mc. and higher. In such instances grounded-
grid amplifiers may be used as shown in Fig. 
17-5. Driving power is applied to the cathode 
circuit, with the grid acting as a shield. Grounded-
grid amplifiers are stable, but they require high 
driving power. Some of the drive appears in 
the output, so both the driver and amplifier must 
be modulated when amplitude modulation is 
used. For this reason the grounded-grid amplifier 
is used mainly for FM applications. 
Tetrode and pentode amplifiers may operate 

without neutralization, but it is advisable to 
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Screen 
Voltage 

Fig. 17-6 — Tuned screen circuit for stabilizing a v.h.f. 
tetrode push-pull amplifier. CI and C2 may he the two 
halves of a split-stator variable condenser, if the circuit 
is symmetrical electrically. The r.f. choke and condenser 
values vary with frequency, making this form of neu-
tralization essentially a one-band device. C2 should be 
about 0.001 pfd. for v.h.f, applications. 

plan for it in the original layout. With such tubes 
as the 829 or 832 enough neutralizing capacitance 
can be obtained by running short lengths of stiff 
wire up through the chassis alongside the tube 
plates, crossing them over to the opposite grid 
terminals below the chassis. Neutralization is 
adjusted by trimming or bending the wires. 

Instability may show up in tetrode amplifiers 
as the result of ineffective screen by-passing, in 
which case conventional cross-over neutralization 
will accomplish little or nothing. The solution lies 
in series-resonating the screen circuits to ground, 
as shown in Fig. 17-6. A small split-stator variable 
can be used for C1 and C2 if the layout is com-
pletely symmetrical. The r.f. choke and con-
denser values vary with frequency, so screen neu-
tralization is essentially a one-band device. 

• FREQUENCY MODULATION 
Though I has not enjoyed great popularity 

in v.h.f. operation, probably because of lack of 
suitable receivers in most v.h.f. stations, its possi-
bilities should not be overlooked, particularly for 
the higher bands. At 420 Mc., for instance, the 
efficiency of most amplifiers is so low that it is 
often difficult to develop sufficient grid drive 
for proper AM service. With FM any amount 
of grid drive may be used without affecting the 
audio quality of the signal, and the modulation 
process adds nothing to the plate dissipation. 
Thus considerably higher power can be run with 
FM than with AM before damage to the tubes 
develops or the signal is of poor quality. 

Frequency modulation also simplifies transmit-
ter design. The principal obstacle to greater use 
of FM in v.h.f, work is the wide variation in 
selectivity of v.h.f. receivers, making it difficult 
for the operator to set up his deviation so that it 
will be satisfactory for all listeners. 

• TVI PREVENTION AND CURE 
Interference to television reception is not 

ordinarily so serious a problem with v.h.f. gear 
as with equipment for lower amateur bands, 
where more harmonics of the operating frequency 
fall within the television channels. The principal 
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causes of TVI from v.h.f. transmitters are as 
follows: 

1) Adjacent-channel interference in Channel 2 
from 50 Me. 

2) Fourth harmonic of 50 Me. in Channels 11, 
12 or 13, depending on the operating frequency. 

3) Radiation of unused harmonics of the 
oscillator or multiplier stages. Examples are 
9th harmonic of 6 Mc., and 7th harmonic of 
8 Mc. in Channel 2; 10th harmonic of 8 Mc. in 
Channel 6; 7th harmonic of 25-Me, stages in 
Channel 7; 4th harmonic of 48-Me, stages in 
Channel 9 or 10; and many other combinations. 
This may include i.f, pick-up, as in the eases of 
24-Me, interference in receivers having 21-Me. 
i.f. systems, and 48-Mc, trouble in 45-Me. i.f.'s. 

4) Fundamental blocking effects, including 
modulation bars, usually found only in the lower 
channels, from 50-Mc. equipment. 

5) Image interference in Channel 2 from 144 
Mc., in receivers having a 45-Mc. if. 

6) Sound interference (picture clear in some 
cases) resulting from r.f. pick-up by the audio 
circuits of the TV receiver. 
There are many other possibilities, and u.h.f. 

TV in general use will add to the list, but nearly 
all can be corrected completely, and the rest can 
be substantially reduced. 

Items 1, 4 and 5 are receiver faults, and nothing 
can be done at the transmitter to reduce them, 
except to lower the power or increase separation 
between the transmitting and TV antenna sys-
tems. Item 6 is also a receiver fault, but it can 
be alleviated at the transmitter by using FM or 
c.w. instead of AM 'phone. 
Treatment of the various harmonic troubles, 

Items 2 and 3, follows the standard methods 
detailed elsewhere in this Handbook. It is sug-
gested that the prospective builder of new v.h.f. 
equipment familiarize himself with TVI preven-
tion techniques, and incorporate them in new 
construction projects. 
Use as high a starting frequency as possible, 

to reduce the number of harmonics that might 
cause trouble. Select crystal frequencies that do 
not have harmonics in TV channels in use locally. 
Example: The 10th harmonic of 8-Me, crystals 
used for operation in the low part of the 50-Me. 
band falls in Channel 6, but 6-Mc, crystals for 
the same frequency range have no harmonic in 
that channel. 

If TVI is a serious problem, use the lowest 
transmitter power that will do the job at hand. 
Much interesting work can be done on the v.h.f. 
bands with but a few watts output, particularly 
if a good antenna system is used. 
Keep the power in the multiplier and driver 

stages at the lowest practical level, and use link 
coupling in preference to capacitive coupling, 
particularly in the later stages. 

Plan for complete shielding and filtering of the 
r.f. sections of the transmitter, should these steps 
become necessary. 
Use coaxial line to feed the antenna system, and 

locate the radiating portion as far as possible 
from TV receivers and antenna systems. 
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A Complete Transmitter for 144 Through 21 Mc. 

The rack-mounted equipment shown in Fig. 
17-7 is an example of the way in which the low-
power stages of a rig can be designed to provide 
for several bands. Each piece of equipment can 
be used alone, or they combine readily to cover 
21, 28, 50 and 144 Mc., at a power level approach-
ing the legal maximum. 
At the bottom is a VFO unit tailored to the 

needs of the v.h.f. man, but useful on lower 
frequencies as well. Next is an exciter capable of 
up to 40 watts output on 21, 28 or 48 to 54 Mc. 
It is a fine low-powered rig for use on 15, 10 or 6 
meters as well. Above the exciter are two units 
designed for high-power operation on 144 and 
50 Mc. 

e THE EXCITER 
The transmitter-exciter shown in Figs. 17-8 

through 17-10 was designed for the v.h.f. man 
who likes to work some of the lower bands as well. 
It delivers up to 40 watts output on 21, 28 or 
50 Mc., and covers the range down to 48 Mc. so 
that it may be used as a source of excitation for 
additional stages that multiply to 144 Mc. 
Though it was intended for use with the high-
powered amplifiers described later, it 
may be used effectively as a com-
plete transmitter in itself. 

Shielding for TVI reduction was 
achieved by building the unit inside a 
standard aluminum chassis. Each 
power lead is by-passed at the power 
plug, and all wiring was done with 
shielded wire. Output is taken oft 
through a coaxial fitting, so that 
low-pass filter can be inserted in thu 
line for harmonic attenuation ii 
needed. 

Circuit De tails 

The exciter circuit follows standar, I 
practice. The oscillator is a 
grid-plate type with provision fot 
10 crystals and VFO input. Crys-

Fig. 17-7 — A complete trans-
mitter for 144 through 21 Mc. 
The four units are, from the 
bottom up, a VFO with reac-
tance modulator; an exciter-
transmitter with up to 40 
watts output; a tripler-driver-
amplifier for 111 Me.; and a 
shielded amplifier for 50, 28 
and 21 Mc. 

tals may be in the 3.5-, 6-, 7-, 8-, 14- or 24-Mc. 
ranges. On 21 Mc. the oscillator output is on 
the signal frequency, and best results are ob-
tained with 7-Mc. crystals, tripling in the plate 
circuit. For 28 Mc.. the oscillator doubles to 14 
Mc. with 7-Mc, crystals, quadruples from 3.5 
Mc., or works straight through with 14-Mc. over-
tone crystals. For operation on 50 or 144 Mc., the 
oscillator output is on 24 to 27 Mc., quadrupling, 
tripling or working straight through, for 6-, 8-
or 21-Mc. crystals, respectively. The 100-1.ed. 
tuning capacitor at C6 tunes the oscillator plate 
circuit from 14 to 27 Mc., so no bandswitching 
is needed in this stage. 

Another 5763 follows the oscillator, working 
straight through on 21 Mc., or doubling to 28 
or 48 to 54 Mc. Two coils, L2 and L3, and a 
50-add. condenser, Co, cover 21 to 30 Mc., and 
48 to 54 Mc., respectively. In case trouble is 
encountered in making the 5763 run stably as a 
21-Me, amplifier, a third switch position is avail-
able for connecting a damping resistor, R8, in 
series with L2. 
The output stage uses a 6146, with a tapped 

coil for 21 and 28 Mc., and a second coil for 
48 to 54 Mc. Output coupling links in these two 
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Fig. 17-8 — Looking into the handswitching exciter-Iran...miner from the top front. Oscillator components are in 
the left compartment, the doubler and power conne, I,r in the. center, and the output stage at the right. Note that 
the 6146 socket is mounted inside the output stage c.,inpartment. 

coils are also switched. The 6146 works nicely 
over a wide range of plate voltages, so this rig 
may be used in exciter service with as little as 
300 volts on the final, or it may be used as a 
complete transmitter at up to 500 volts. A 2E26 
may be used in the final stage where its power 
output is adequate for the job at hand. 
The exciter is built largely inside a 3 X 5 X 17-

inch aluminum chassis and is fitted with a stand-
ard 3M-inch rack panel. Only the crystals, the 
first two tubes and the filament transformer are 
outside, and these are mounted on the rear wall 
of the chassis to keep down the vertical dimension. 
Arrangement of parts is not particularly criti-

cal, the principal consideration in the first two 
stages being to mount the tubes in such position 
that the coupling lead (C2f, to the grid of the 
second 5763) is short. The grid circuit of the 
second stage should be isolated from the rest of 
the components to reduce the tendency toward 
self-oscillation when the stage is operated straight 

through on 21 Mc. The lead to the grid is made 
with a short piece of RG-59/U coax, run through 
a slot in the top of the partition, and a small 
piece of flashing copper is soldered across the 
5763 socket between Pins 1 and 9 to isolate the 
input and out circuits further. Leads from the 
tube plate to the bandswitch, S2, and thence to 
the tuning condenser, C10, are made with s-inch-
wide copper strap, to hold down lead inductance. 
Note the method of mounting the socket for 

the 6146. Contrary to common practice, this 
socket is mounted on the tube side of the partition. 
Cathode, heater and screen pins (Nos. 1, 3, 4, 6 
and 7) are by-passed individually to separate 
points on the partition with the shortest possible 
leads. Heater and cathode leads are brought 
through the partition with shielded wire, and the 
control grid and screen leads are run through on 
short lengths of stiff wire insulated with spaghetti 
sle.eving. Mounting the 6146 socket inside the 
final stage compartment provides a short plate-

Fig. 17-9 — Rear view of the exciter. On the rear wall at the right are 10 crystal sockets of various types. Then come 
the two 5763s, the power plug, the filament transformer, and the output coaxial fitting. On the inside front wall are, 
in the same order, the crystal switch, oscillator tuning, doubler bandswitch, doubler tuning, and final bandswitch. 



V.H.F. TRANSMITTERS 

CSC 
5763 

6. 7. 
8 OR 
24Mc. 

SHIELDI AMP OR 
14-27 I DOUBLER 
Mc 5763 

C25: 

L, 

CT 
TO 

PIN 3 

8.9 

R4 

Rs 

21-30 
Mc 

_ c. 

48-54 
MC 

io Rs 
a _ 

L. 

A. 

TO 
PIN 4 

R7 

c 

Fig. 17-10 — Schematic diagram of the bandswitching exciter. 
lines show the separation of components by the shield partitions. 

—5.55f1. ceramic or mica — see text. 
C2, C4, CA, C7, C8, C9., C11, C13, C14, C15, C111, C13, C19, 

C2O, C21, C22, C23, C24 — 0.001 µM. disk ceramic. 
C3 — I50-pfd. mica or ceramic — see text. 
Cs — 100-gpfd, midget variable, shaft-mounting type. 
Cie — 50-551d. midget variable, shaft-mounting type. 
C12 — 15-µµM. mica or ceramic. 
C17 — 20-µµf(1. double-spaced midget variable, shaft. 

mounting type. 
C28 50-ggfd. ceramic or mira. 
Ri, 114 — 0.1 megohm, watt. 

R2 — 220 ohms. % watt. 
Rn, Rs — 22,000 ohms, 1 watt. 
115, 1110 — 1000 ohms, 1/2 watt. 
117 — 100 ohms, % watt. 
R8 — 7.5 ohms 1 watt (two 15-ohm "2-watt resistors 

in parallel). 
119 — 33,000 ohms, 1 watt. 
Rii — 20,000 ohms, 10 watts. 
Ri2 — 68 ohms, watt. 
— 8% turns No. 20 tinned, ',1,4"-inch diam., % inch 

long (B & W Miniductor No. 3011). 
L2 — 7 turns like Li, 34 inch long. 
L3 — 4 turns No. 20 tinned, 5/5-inch diam., % inch long 

(B & NI No. 3006). 
1.4 — 2 turns No. 18 push-back, %-inch diam., coupled 

to cold end of 1.3. 
it — 4 turns No. 20 tinned, diam., % inch long 

to-cathode return. The stage may possibly be 
unstable if the socket is mounted on the opposite 
side of the partition from the tube, as is usually 
done. 
The three tuning condensers should be the 

shaft-mounting type, not the sort that mount on 
small pillars. Unless the rotor shaft is grounded 
solidly to the panel it will act as an " antenna" 
to radiate harmonic energy that is almost certain 
to cause TVI. The meter tip jacks, J5 and J5, 
may also turn out to be harmonic radiators, unless 
by-passed right at the point where they come 
through the rear wall. 
The output coupling links, Lg and Lg, are the 

smallest diameter B & \V Miniductor, which 
makes a close fit inside the larger size used for 
L5 and L7. They are held in place with household 
cement. A coupling link is also provided for L3, 
so that a small amount of power can be taken 
off at 48 Mc. if desired. This is made of self-
supporting stiff insulated wire, coupled closely 
to the cold end of L3. 

Note that the front-panel appearance is com-
pletely symmetrical, the controls being spaced 
at regular intervals horizontally, and in the 
center of the panel vertically. The chassis is 
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(B & W No. 3010). 
143 — 434 turns No. 20 tinned, Y2-inch diam., % inch 

long, mounted inside cold end of La. (B & W 
Miniductor No. 3003.) 

— 11 turns like LI, tapped at 7 turns, inch long. 
L8 — 9 turns B & W No. 3004, 1/2-inch diam., % inch 

long, mounted inside cold end of L7. 
Ji, J2, .13 — Coaxial fitting. jt is for VFO input. 
is — Closed-circuit jack. 
is, J8 — Tip jack. 
h — 8-pin male chassis fitting. 
RFC, — 2.5-mh. r.f. choke (National R-100-S). 
It FC2 — Parasitic choke, 6 turns No. 20 enamel, 34.-inch 

diam., inch long. 
SU, SIR — 11-position 2-section ceramic wafer switch. 

(Made from centralab P-122 index assembly and 
2 centralab type Y switch sections. Complete 
assembly CRL 2513.) 

S2 — Similar to above, but single section (CRL 2501 
on 2503, wafer type X or Y). 

S3A, S38 — Same but 2-pole 3-position single section 
(CRL 2505, wafer type RR). 

— 6.3-v. 3-amp. filament transformer. 

bottom up, with the cover at the top. This allows 
ready access to the inside when the unit is in its 
normal operating position, but it may be used the 
other side up, if the builder so desires. Ventilation 
of the 6146 is afforded by twenty Yi-inch holes 
drilled in the top and bottom surfaces over and 
under the tube. 

Testing and Use 

For initial tests a power supply delivering 200 
to 250 volts is adequate. Each stage has its plate-
screen power lead brought out to the plug sepa-
rately, so that individual metering is possible. 
Applying voltage through Pin 3, we note that the 
stage draws low current until oscillation is ob-
tained, because of the cathode bias. Plug a low-
range meter into ./5 to read the grid current of 
the following stage, and tune Cg for maximum 
indication, which will be about 0.5 to 1 ma. at 
normal operating voltage. The oscillator plate-
screen current will be around 20 ma. 

Should the oscillator refuse to start, try other 
crystals, and then experiment with the values of 
CI and C3. The grid-to-cathode capacitor, Ct• 
may not be necessary, particularly if crystals no 
lower than 6 Mc. are used. Use the lowest value 
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that will permit oscillation with all crystals. The 
value of C3 may be critical when overtone-type 
crystals are used. Improper values at either of 
these positions may result in intermittent oscilla-
tion, or none at all. 
Check the output frequency with a calibrated 

wavemeter, or by listening with a receiver whose 
calibration can be relied upon, and proceed to 
the following stage. Plug the grid meter into 
J6r apply power through Pin 4, and check the 
output frequency when C10 is tuned for maximum 
grid current. At least 2 ma. should be available. 
Cheek for self-oscillation by removing excitation. 
Should self-oscillation occur on the 21-Mc. range, 
switch in the damping resistor, Rs. This should 
be the lowest value permissible, as the output 
from the stage drops rapidly as the series resist-
ance is increased above a few ohms. 

\V lien around 2 ma. of grid current is obtained 
the output stage may be checked. This may be 
done initially with 250 to 300 volts applied 
through Pins 5 and 6, using a 25-watt lamp phugged 
into J3 for a dummy load. Cutting the excitation 
(do it only briefly — 6146s draw a tremendous 
amount of plate current!) should result in zero 
grid current. If the stage is operating correctly 
the output should be around 15 watts with 300 
volts on the plate. 

Increasing to 400 to 450 volts it should be 
possible to get at least 35 watts output on all 
frequencies. In an enclosed layout of such small 
dimensions it is not advisable to go much beyond 
this level, as the heat dissipation may be high 
enough to damage the small coils used. Where 
the exciter is used to drive a high-powered tetrode 
final stage, 300 volts on the 6146 and 200 to 250 
volts on the 5763s is plenty. The rig may be 
used as a complete transmitter, modulating the 
output stage on 28 or 50 Mc., at 30 to 50 watts 
input. The operating conditions in all stages can 
be adjusted to suit the builder's own requirements 
by varying the screen resistor values. The exciter 
is keyed in the 6146 cathode lead for c.w. 
operation. 

CHAPTER 17 

e A 144-MC. DRIVER-AMPLIFIER 
Shown just above the exciter in the composite 

photograph, Fig. 17-7, and separately in Figs. 
17-11 through 17-13 is a three-stage tripler-
driver-amplifier for high-power operation on 144 
Mc. It may be used with any exciter that is 
capable of delivering 5 watts or more on 48 Mc. 
If a 2-meter exciter is available the tripler may 
be omitted. The driving power required in that 
ease would be about 10 watts on 144 Mc. 
As may be seen from the schematic diagram, 

Fig. 17-12, a push-pull tripler stage with a pair of 
5763s drives a tetrode amplifier using an AX-
9903/5894A, which, in turn, drives a pair of 
4-125As in the final stage. Input to the final can 
be up to slightly over 600 watts on AM 'phone, 
or 750 watts on c.w. By suitable adjustment of 
the grid drive and the final-amplifier screen and 
plate voltages, the input can be run as low as 150 
watts with good efficiency. Some method of 
varying the input is recommended, as much of 
the operation on 144 Me. can be carried on satis-
factorily with moderate power. 

Electrical and Mechanical Details 

The tripler uses two tubes in push-pull in 
preference to a single tube, as this allows the 
tubes to be operated at low input and still 
deliver adequate drive to the succeeding stage 
without critical adjustments. The tripler grid 
circuit is self-resonant. The tripler and driver 
plate tuning adjustments are ganged. Straps of 
flashing copper inch wide are used for the 
leads from the 5763 plates to the tuning con-
denser, C1, to hold down lead inductance. 
From the bottom view, Fig. 17-13, it will be 

seen that sheets of flashing copper are fastened 
to the bottom of the chassis, covering the area 
of the driver and final stages, to improve ground-
ing circuit conductivity. Note that the rotor of 
the driver tuning condenser, C2, is grounded 
through a 100-ohm resistor, 1%. This was done 
to cure a 250-Mc, parasitic oscillation. Ventila-

Fig. I I — Rear view of 
the 4-1254 amplifier for 
144 Me., showing details 
of the parallel-line plate 
circuit. The 57h3 tripler 
tubes are at the left. Note 
ventilation holes, below 
which is mounted the 
driver tube, out of sight 
under the chassis. 



V.H.F. TRANSMITTERS 393 

48 Me 

TRIFLER 

3 

144Me 
CS 

+250V. 

DRIVER 
2X9903 
or 829 B 

AMPLIFIER 

4-125 A 
144 Mc. 
L4 L7 
L5 Lti 

+400v 4400K 

9903 5763 3763 

It 

Fig. 17-12 — Wing diagram and parts list for the high-powered 144-Mc. transmitter. 

CI, C2 10-apfd.-per-section butterfly variable (Card-
well ER-6-11F/S. Johnson 10LB15 alternate; see 
text). 

C3, C4 — 10-add. mica. 
Ca, Cs — 0.001-pfd. disk ceramic. 
C7 — 0.005-afd. disk ceramic. 
Cs — 50-ppft1.-per-seetion split-stator variable (ruade 

from Millen 19140; see text). 
Cg — Plate-line tuning adjustment (made from neu-

tralizing condenser; see text). 
Cro — 0.001-afd. 5000-volt mica. 
C11 — 0.25-afd. tubular. 
Ri — 150,000 ohms, 1 watt. 
112 — 18,000 ohms, 1 watt. 
R3 — 100 ohms, h watt. 
114 — 10,000 ohms, 1 watt. 
115 — 100 ohms, 1 watt. 
R13 — 10,000 ohms, 10 watts. 
117 — 5000 ohms, 10 watts. 
Rs — 27,01/0 ohms. Use only if needed; see text. 
1.1 — 1 turn No. 14 enam., 9.inch diam. 
1.2 — 6 turns each side of center, No. 20, %.-inch diatti., 

spared wire diam., h-inch space at center for 
Li (B & W Miniductor No. 3007). 

1.3— 2 turns No. 14 enam., spaced hi inch, j¡-inch 
diam. 

L4 — 2 turns No. 14 enam., spaced '34"3 inch, 1%-inch 
diam. 

tion for the driver tube is provided by drilling 
holes through the copper plate and chassis over 
the tube. An 829B may be used in place of the 
9903/5894A, with some sacrifice in driver stage 
efficiency. 

If the 9903 is used, the tube plate leads should 
be very pliable material, as the tube structure is 
fragile. The 5894A, an improved version of the 
9903, is considerably more rugged mechanically. 
If standard heat-dissipating connectors are used 
they should be filed down by about one-third 
of their diameter because of the close pin spac-
ing. Cardwell butterfly capacitors were used 
for C1 and C2 because of their inherent pro-
vision for ganging. Other types such as the 
Johnson 10LB15 can be substituted by soldering 
a ganging extension to the rear end of the rotor 
shaft of C2. 
The driver plate and final grid circuits are 

widely separated so that coupling between them 
will be confined to the link circuit. This helps to 
keep unwanted harmonics from being transferred 
to the final grids. This potential source of TVI 
can be further reduced by installing link-coupled 
tuned circuits in the tripler plate and driver grid 
positions, if the station location is one where 

41200 TO 
2000 V 

SI 

La — 2 turns No. 18 push-back, close-spaced, inserted 
between turns of L.I. 

Ls — Loop of No. 14 enam., 4 inches long, inside L7. 
L7 — Copper strap % inch wide and 8 inches overall 

from grid to grid; see text and bottom-view 
photograph. 

Ls — Plate line, 3/8-inch o.d. copper tubing 12 inches 
long, spaced 1% inches center-to-center. Bend 
on 1-inch radius to make inverted "L" 
inches high. 

1.4) — Output coupling loop, made from 13h-inch piece 
of No. 14 enam. Sides 743 inch spaced. Vertical 
portion 2% inches high. 

Lis — 5-by. (min.) choke, 100 ma. or more rating. 
Ji, J2, Ja — Closed-circuit jack. 
J4 — Coaxial fitting. 
Jo — Crystal socket for output terminal. 
MAI, M A2, MA3, M A4 — External meters, not shown 

in photographs, 200, 50, 100 and 500 ma., re-
spectively. 

REC1, RFC2, RECa, RFC4, RFC7 — 1.8-mhy. solenoid 
v.h.f. choke (Ohmite Z-144). 

11FC5, REC6 — 7-µhy. solenoid .h.f. choke (Ohmite 
Z-50). 

Si, S2 — S.p.s.t. toggle switch. 
Ti — 6.3-volt 4-amp. filament transformer. 
T2 — 5-volt 13-amp. filament transformer (Chicago 

FO-513). 

192-Mc, energy might cause TVI in Channels 
9 or 10. 
The relatively high input and output capac-

itances of the 4-125As rule out conventional 
coil-and-condenser circuits at 144 Mc., so no 
grid tuning capacitor is used in the final stage, 
and only a very small variable capacitance is 
used in the plate circuit. The entire grid circuit 
is made of 546-inch-wide copper strap. Two 
pieces each 13x2 inches long connect the grid 
terminals to feed-through bushings that are 
provided for mounting neutralizing tabs, if 
needed. The center portion of the grid circuit is 
an egg-shaped loop mounted on the feed-throughs, 
as seen in the bottom view. The bushings are 
mounted near the inner corners of the 4-125A 
sockets. The holes for them are drilled larger 
than needed to pass the ceramic portions, to keep 
the grid-to-ground capacitance at a minimum. 
The principal neutralizing adjustment is the 

split-stator variable condenser, Cg, connected 
from the screens to ground. A single-section 
variable (Millen 19140 or Hamrnarlund MC-140) 
having supports at each end of the rotor shaft 
was modified for this purpose as these types 
provide a symmetrical path from rotor to ground 
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for each side of the circuit. A strip of brass or 
aluminum is first screwed to the metal mounting 
brackets at each end, tying them together elec-
trically and mechanically. Then the stator bars 
are sawed in half, leaving an equal number of 
plates on each side. These condensers have 9 
plates each on stator and rotor originally. The 
middle stator plate is cut out and the front rotor 
plate removed, leaving a split-stator condenser 
with 4 plates on each slat( w and 8 on the rotor. 
The two screen terminals on each socket are 
strapped together, and the connection to the 
stators of Cg is made with copper strap. Sym-
met ry and low inductance are extremely important 
in this circuit. 
The screen circuit also includes two solenoid-

type r.f. chokes connected directly to the screen 
terminals. These are under Cg and do not show 
in the bottom view. Their common connection is 
by-passed, and a small filter choke is connected 
in the screen voltage lead for modulation pur-
poses. The screen variable capacitor is driven 
through two universal joint couplings to bring the 
drive shaft out to a point t hat provides a pleasing 
front panel appearance. 

Fixed bias for the final stage is provided with-
out use of batteries or an externat supply by 
inserting a voltage regulator tube in series 
with the grid leak and by-passing the tube with 
a low-leakage capacitor. When the gas tube fires 
with application of exeitation, Cll charges. 
Removing excitation stops the current flow 
through the VIt tube and leaves the charge in 
CH applied to the 4-125A grids. This cuts off the 
plate and screen current until the charge in C11 
leaks off. The cut-off time varies with the leakage 
characteristics of Cu and associated eomponents, 
and some experimentation may be necessary. An 
external bias source of 90 volts or more may, of 
course, be substituted. 
The construction of the final plate circuit is 

obvious from the top-view photograph. The tun-
ing device, Cg, is made from parts of a standard 

Fig. 17-13 — Looking 
under the chassis of 
the high-power 2-me-
ter rig. At the lower 
right are the compo-
nents of the tripler 
stage, with the A X-
9903 driver tube just 
above the aluminum 
partition. The 4-125A 
sockets, grid circuit, 
and screen-neutraliza-
tion capacitor are at 
the left. 'I'he VII-tube 
bias system is mounted 
on the rear chassis 
wall. 

neutralizing capacitor ( Millen 15011) mounted 
on 4-inch ceramic stand-offs (National GS-4) in 
the center of the chassis. The lead screw on the 
adjustable plate is extended by means of a short 
length of %-ineh diameter brass rod soldered to 
its end, and this is connected through an in-
sulating coupling and a polystyrene rod to a 
knob on the front panel. This tuning arrange-
ment provides no logging scale or reset indicator 
of any sort, but it results in a very worth-while 
improvement in tank-circuit efficiency over con-
ventional tuning methods. 
The copper tubing tank circuit is mounted in 

place by means of straps of aluminum wrapped 
around the lines and fastened to the top of the 
stand-offs. Connection to the tube plates is made 
with 3%-inch-wide copper straps that are bolted 
to the plate lines. No solder is used anywhere in 
this plate line assembly; the heat dissipated at 
the tube end of the line would be sufficient to 
melt soldered connections. The heat-dissipating 
connectors for the 4-125A plates were cut down 
to four fins high to reduce plate lead length. Just 
beyond the stand-off insulators and Cg the plate 
lines are bent to a vertical position around a 
radius of about one inch, the bottom of the line 
ending about a half inch above the chassis. Here 
an adjustable strap of flashing copper is wrapped 
around the lines, and an r.f. choke is connected 
through a lug to a feed-through bushing carrying 
the high-voltage d.c. The by-pass, Cio, is under 
the chassis. 

Details of the antenna coupling loop are visible 
in the top view. The pick-up loop is made ad-
justable by mounting it through a polystyrene 
rod that can be rotated from the front panel. 
This rod passes through a shaft bearing and a 
tension adjusting device (National SB and Millen 
1(1061) mounted on a small aluminum bracket. 
Note that a short length of rod is fastened at the 
top of the loop, so that no adjustment of the 
coupling will allow it to come in contact with the 
line electrically. 



V.H.F. TRANSMITTERS 395 
Adjustment and Operation 

This rig contains its own filament transformer 
so only plate and screen supplies are external. 
These should be capable of furnishing 250 volts at 
75 ma. for the tripler, 400 volts at 200 ma. for 
the driver, 300 to 400 volts at 75 ma. for the final 
screens, and 1000 to 2000 volts at 400 ma. for 
the amplifier plates. The screens of the final and 
the driver plates may be run from the same supply, 
though a more flexible set-up is possible if the 
voltage applied to the final screens is adjustable 
separately. 
The tripler should be tuned up first. Plug a low-

range milliammeter in the tripler grid current 
jack, J1, and apply grid•drive through a coaxial 
cable and J4. Adjust the spacing between the 
two halves of the grid coil, L2, and the position 
of LI, for maximum grid current. This should 
be 1 to 2 ma. Transfer the meter to the driver 
grid jack, J2, and apply plate voltage through 
R3, tuning C1 for maximum grid current, which 
should be between 3 and 5 ma. The inductance 
of L3 should be adjusted so that the low end of 
the band is reached with C1 set somewhere 
between the mid-point and the maximum end of 
its range. Total plate-screen current to the 5763s 
need not be more than about 50 ma. 

Next, tune C2 through resonance and note 
whether the grid current changes. Should it dip 
down at resonance the stage will require neutral-
ization. This is unlikely with the 9903 or 5894A, 
however, as these tubes are designed to be in-
herently neutralized at frequencies around 150 
Mc. Next, plug a 200-ma. meter into J3, or con-
nect one externally in series with the plate-screen 
supply, as shown in Fig. 17-12, and apply plate 
voltage, preferably with a lamp load coupled to 
L4. If the stage is working correctly, it should be 
possible to light a 40-watt lamp to full brilliance. 
Check for self-oscillation by removing excitation 
briefly. To protect the driver tube, it might be 
well to make these initial tests at 250 volts or so, 
increasing to 400 to 500 volts only when the stage 
is found to be working correctly. 

Next, couple the output from the driver stage 
to the grid circuit of the final, by means of a 
coaxial cable and Lig and L6. The latter should 
be the same general shape as L7, and mounted 
inside or just above it, with about Winch 
separation. The resonant frequency of the grid 
circuit can be changed slightly by altering the 
shape of the grid inductance. Squeezing the sides 
together raises the frequency; making the tank 
more nearly round lowers it. When the circuit is 
properly resonated, it should be possible to 
develop 25 to 30 ma. grid current, measured in 
series with the VR tube and ground (MA2 in 
Fig. 1). The setting of the screen-to-ground 
capacitor, Cg, will affect the grid current, but 
it may be set approximately to the proper point 
by adjusting it for maximum grid current with 
the elate voltage off. The total plate and screen 
current should be 175 to 200 ma. When the cou-
pling loops at both ends of the coax have been 
adjusted so as to give maximum grid current, 

adjust the turn spacing of L4 so that its tuning 
capacitance will be the same as that of C1. The 
two condensers may then be ganged by means of 
flexible couplings and an insulating shaft. 
Now connect a 100-watt lamp at the output 

terminals and apply about 500 volts to the final 
plates and 200 or less to the screens, metering 
both circuits as shown in the schematic diagram. 
Adjust Cg for maximum output, watching the 
grid and plate meters. Move the setting of the 
screen adjustment in small steps until maximum 
output, minimum plate current, and maximum 
grid current all occur at the same setting of the 
plate tuning. This is the screen adjustment at 
which the amplifier will operate most stably. 
Neutralization can also be done by running the 
amplifier without excitation, adjusting Cg until 
there is no evidence of oscillation, but this gives 
a broader indication than the first method. 

Should it be impossible to achieve complete 
stability by the screen adjustment alone, it may 
be necessary to add grid-plate capacitance by 
mounting stiff wires or tabs on the feed-through 
bushings. In this amplifier, the capacitance 
added by the feed-through rods alone was just 
about the right amount, however. This is not the 
conventional cross-over neutralization, but rather 
additional grid-plate capacitance. The amount of 
capacitance added is adjusted in the same way 
as for triode neutralizing circuits of the crossover 
type. 
Once the amplifier is stabilized at low voltages, 

proceed to final checks at normal plate and 
screen operating conditions. A suitable load for 
high-power tests is something of a problem, as no 
lamp combination represents a load that simu-
lates an antenna system at this frequency. A fair 
load can be made, however, by connecting three 
or four 100-watt lamps in parallel. Lamps larger 
than the 100-watt variety are useless for load 
purposes, as they tend to develop filament hot 
spots and burn out before reaching anything like 
normal brilliance. 
A method of varying the screen voltage con-

tinuously is extremely useful at this juncture, 
as the final tubes can be made to draw any desired 
plate current by suitable variation of the screen 
voltage. Screen dissipation should be watched 
closely to see that it does not run much over 20 
watts in plate-modulated service or 30 watts on 
c.w., and it is strongly recommended that a 
screen-current meter be made a permanent part 
of the metering system. Efficient operation is 
possible over a range of SOO to 2500 volts on the 
plates. 
The tetrode amplifier with separate screen 

voltage supply should never be operated without 
load, or with no plate voltage applied. Screen dis-
sipation is certain to be excessive in either ease 
and tube damage or failure is invited. 

Tests with the lamp load should be monitored 
for freedom from modulation. With some types 
of chokes for L10, there may be a tendency to 
oscillation at some audible frequency. Should this 
develop, it can be damped by loading the choke 
slightly with a resistor, as shown by Rg in Fig. 
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17-12. The highest value of resistance that will 
stop the oscillation should be used, if any is 
necessary. Substituting another choke is a better 
method. It should have a minimum of 5 henrys 
inductance, but a wide variety of small filter 
chokes may be satisfactory. 

In general the manufacturer's typical operating 
conditions for the 4-125As can be followed with 
good results, but many variations are possible. 
In v.h.f. work there is no need to run high power 
at all times, so provision should be made to drop 
the plate and screen voltages. Efficient operation 
at plate voltages as low as 800 is possible, if the 
screen voltage is altered in proportion. Consider-
able latitude in grid drive is also possible. The 
principal precaution is to see that none of the 
tube elements is operated above the maximum 
safe dissipation given in the manufacturer's 
literature. 

e A FINAL AMPLIFIER FOR 50, 28 
AND 21 MC. 

The top unit in the rack of v.h.f. equipment, 
Fig. 17-7, shown in detail in Figs. 17-14 through 
17-16, is a high-powered companion to the exciter 
described earlier. It covers the same three bands, 
with a maximum power rating of 600 watts input 
on AM 'phone, or 800 on c.w., and may be used 
with any exciter capable of delivering 15 to 25 
watts output in the proper frequency range. 
It is completely shielded, for TVI reduction, and 
may be changed from band to band without 
opening the enclosure. 
The plate circuit is a pi network, with a va-

riable inductor as the main element. Conven-
tional bandswitching is employed in the grid 
circuit. Parasitic suppression and neutralizing 
methods are the principal departures from famil-
iar practice. The aluminum enclosure calls for 
forced-air cooling. 

Electrical and Mechanical Features 

Looking into the top of the amplifier, as in 
Fig. 17-14, we see the 4-250A tetrode tube at the 
left. Just below it is the neutralizing capacitor. 
At the center of the chassis is the input tuning 
condenser, Cg, of the pi-network tank circuit, 
with the variable inductor at its right. The 
variable condenser at the far right is the output 
condenser, C10. The small components to the 
right of the tube comprise the parasitic suppres-
sion circuit. The coupling capacitor, Cg, and the 
50-Mc. auxiliary coil, Lg, are near the center of 
the photograph. Grid-circuit components are 
visible in the bottom view, along with the fila-
ment transformer, cooling fan, and modulation 
choke. 

In order to obtain a satisfactory tuning range 
and minimum stray inductance, a large neutral-
izing-type condenser is used for tuning the input 
to the pi-network plate circuit. The capacity 
range is about 5 to 20 gad. The output tuning 
range needed for C10 is roughly 50 to 150 etmfd., 
so a conventional transmitting variable may be 
used. With a properly matched load the r.f. 
voltage across J2 is low, and a plate spacing of 
0.047 inch is adequate, even with high power. 
The variable inductor assembly has consider-

able stray capacitance, which would make it 

Fig. 17-14 — Looking inside the 3-band amplifier. Note the neutralizing condenser used for tuning the in-
put to the pi-network tank circuit. The small air-wound coil, center, is the 50-Mc, portion of the tank, Ls. 
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Fig. 17-15 — Schematic diagram and parts list for the 4-250A amplifier. 

CI — 220-pad. silver mica. 
C2— 30-pmfd. miniature variable, double-spaced (11am-

marlund 11F-30-X, shaft-mounted). 
Cs., CI, Ci, C13, C12, Cia, Cu, CI5 0.001.mfd. disk 

ceramic. 
C2, Cs, C113 5001idd. 10,000-volt ceramic (Centralab 

TV3-501). 
CI) — 5-20-upfil. disk-type variable (National NC-500 

neutralizing condenser, with mounting bracket 
reversed). 

Ci0 — 200-mad. variable, 0.047-inch spacing (National 
TM K-200). 

Cil — 3-30.55fd1 mica trimmer. 
C12 — 2-8-mpfd. neutralizing condenser (National NC. 

800A). 
RI — 10,000 ohms, 5 watts. 
112 — See text — use only if needed. 
R3 — Approximately 100 ohms. 6 watts (three 330-ohm 

2-watt resistors in parallel). 
Li — 2)4 turns No. 20 tinned, ‘-inch diam.; turns 

spaced inch (B & W Miniductor No. 3010). 

impossible to develop proper circuit Q at 50 Mc. 
if the variable coil alone were used, so a small air-
wound coil, Lg, is connected ahead of the variable 
unit. Its inductance is such that only a small 
portion (one turn or less) of Lg is used at 50 Mc. 

Parallel feed of the high voltage, through 
RFC2, permits the tank circuit to be operated 
with no d.c. applied to its components. The 
purpose of RFC3 is to provide a path to ground 
for the high voltage in case Cg should break down. 
The coils L5 and L6, the capacitor Cn, and the 
resistor R3 comprise a parasitic-suppression cir-
cuit that will be discussed later. 
The grid circuit is largely self-explanatory, 

with the possible exception of the neutralizing 
method used. C1 and C17 make up a capacity 
bridge, by means of which energy is fed back into 
the grid circuit from the plate. In this method, 
CI has a critical value. It should be such that the 
amplifier can be neutralized with C17 at approxi-
mately the midpoint of its range. It is possible 
that some variation in layout might eliminate 
the need for neutralization, though provision 

L2 — 4 turns B & W No. 3004 cemented inside cold end 
cif Li. 

L3 — 8 turns No. 20 tinned, 3.-inch diam., „',k¡ inch long, 
tapped at 6 turns (No. 3011). 

— 7 turns B & W No. 3001 cemented inside cold end 
of 1,3. 

1.5 — 3 turns No. 16 tinned, spaced inch, on -inch 
diam. ceramic stand-off, 1 inch long. 

Lo — 2 turns similar to Li, and about 34 inch away from 
it on same form. 

L7 — 10-hy. 100-ma, filter choke. 
Ls — 4 turns No. 14 tinned, 1/5-inch diam., spaced 3/8 

inch. 
1,5 — 6.2-#11. variable inductor (B & W No. 3851). 
Bi — Blower motor and fan (Allied Catalog Nos. 72-702 

and 72-703). 
JI. J2 — Coaxial fitting, female. 
RFC', RFC2, R FC.3 — 20-mh r.f. choke (Ohmite Z-28). 
SIA, SIB — 2-pole 3-position ceramic wafer switch (Cen-

tralab 2505, wafer type RR). 
S2 — Single-pole single-throw toggle switch. 

should be made for it when the amplifier is built. 
Note that the 4-250A socket is mounted above 

the chassis, with the control grid toward the front. 
It is raised so that the prongs just clear the 
chassis. Each contact, with the exception of the 
control grid, is then by-passed individually to 
the chassis with the shortest possible leads. 
The screen voltage is obtained from a separate 

source, in preference to the use of a dropping 
resistor connected to the plate supply. The 
modulation choke, L7, should have à minimum of 
10 henrys inductance, and a current-carrying 
capacity of about twice the expected screen 
current. The resistor connected across the choke 
should be added only if needed to suppress 
" singing" resulting from choke resonance in the 
audio range. It should be the highest value that 
will stop such tone modulation of the transmitted 
signal. 
Arrangement of parts should be such that r.f. 

leads are short, and copper or silver strap should 
be used in preference to wire in r.f. circuits wher-
ever it is mechanically feasible. The by-pass, C7, 
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and the blocking capacitor, Cs, are high-voltage 
ceramic units of the type used in TV receiver 
power supplies. The parasitic-suppression circuit 
and the parallel-feed r.f. choke are mounted on 
a ceramic pillar made from two 3-inch stand-off 
insulators. The r.f. choke should be as far from 
the tube envelope as possible, to prevent blister-
ing of the paint by heat radiated from the tube. 
The filament transformer, modulation choke, 

grid-circuit components and cooling fan are 
mounted below the chassis, which is a standard 
3 X 10 X 17-inch job. The fan may be placed 
at any point where the blades can rotate close to 
an intake hole. If this is not possible, a duct just 
larger than the area of the fan blades can be 
used to channel the air to the fan. The blades 
must be bent so that air will be drawn inward. 
Holes in the chassis just below the tube socket 
and in the top cover over the tube provide the 
only air path out of the enclosure. Any other 
holes should be plugged, and the shielding of the 
upper portion of the amplifier should make a good 
fit to the chassis. Circulation may be checked by 
placing a smoke source near the intake hole. 
The smoke should be drawn in rapidly, flowing 
out through the top holes only. A light piece of 
paper placed over the holes in the top cover 
should rise perceptibly when the fan is started. 
The shielding of the main assembly is made in 

four pieces, fitted to the front, back and sides 
of the chassis. The edges are folded over three 
quart ers of an inch and drilled and tapped, or the 
assembly may be made with self-tapping screws. 
The entire job should make good contact elec-
trically and mechanically, if cooling and TVI 
prevention measures are to be effective. 

Adjustment and Operation 

Initial tests may be made on the amplifier with 
the parasitic suppression and neutralizing circuits 
omitted, though both will probably be needed. 
Start with resistor bias only, as instability will 
be more evident if the plate current is not cut off 
in the absence of excitation. The plate and screen 
voltages should be such that the dissipation by 
these elements is below the permissible maximum 
for the tube. A suitable load for the first tests can 
be made by connecting three 100-watt lamps in 
parallel at J2. 
With a 25- or 50-ma. meter connected between 

R1 and ground, apply plate and screen voltages 
(but not grid drive) and watch for signs of grid 
current. If any appears it will indicate oscillation, 
either a v.h.f. parasitic, or tuned-plate tuned-grid 
feed-back near the operating frequency. If a 
v.h.f. parasitic is encountered, it can be suppressed 
with the LCR combination shown in the 
schematic diagram. L6 and C11 tune to the 
parasitic frequency. L6 should be as low induct-
ance as possible, in order to keep the frequency 
of the parasitic high. The lower the parasitic 
frequency the greater will be the 50-Mc. energy 
dissipated in the suppression circuit. With the 
values given in the parts list there is no over-
heating of the resistors by dissipation of 50-Mc. 
energy, yet the loading at the parasitic fre-
quency is sufficient to prevent oscillations from 
starting up, if the tuning of C11 and the coupling 
between L6 and L6 are adjusted carefully. 
A check on the need for neutralization may be 

made by operating the amplifier normally and 
observing the grid and plate currents simul-

• 

Fig. 17-16 — Bottom view of 
the amplifier for 50,28 and 21 
Mc., with bottom cover re-
moved. Note method of 
mounting the ventilating fan. 
'1'he chassis should be made as 
nearly airtight as possible, ex-
cept for the fan hole and holes 
drilled under the tube socket. 
Air is thus drawn in through 
the base and forced up around 
the base seal of the tube, 
leaving through holes in the 
top cover. Screening of the 
fan hole may be required for 
TVI prevention. 
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taneously. Maximum grid current and minimum 
plate current should occur at the same setting of 
Cg. If the grid current rises as the plate circuit is 
tuned to the high-frequency side of resonance, 
more neutralizing capacitance is needed. If 
neutralization cannot be achieved at any setting 
of C17 it may be necessary to use a different 
value of capacitance at C1. Perfect neutralization 
may not be possible on all three bands with one 
setting of C17, but it should be possible to find a 
satisfactory compromise. 
With the amplifier operating stably, actual 

on-the-air conditions can be set up. The typical 
operating conditions given by the tube manu-
facturer can be used as a guide, but any of the 
values can be varied considerably, provided the 
maximum safe figure for each of the tube ele-
ments is not exceeded. Thus it may be desirable 
to lower the grid bias when operating at low plate 
voltage, in order to get the amplifier to draw more 
plate current. As little as 1000 volts on the plate 
works well, provided that the grid drive and 
screen voltage are properly altered. 

If the antenna system has an open-wire or 
other balanced line, the output of the amplifier 
should be fed through an antenna coupler that 
provides for coaxial input and balanced output. 
A low-pass filter can then be used, if needed, 
between the amplifier and the antenna coupler, 
to reduce harmonic radiation that might cause 
TVI. 
Though the adjustments are not critical, there 

are certain optimum values of Cg and Lg. Their 
selection is explained in the discussion of tank 
circuit Q elsewhere in this Handbook. Capacitance 
required at Cg will be of the order of 7 to 12 /Add. 
for 50 Mc., 10 to 15 for 28 Mc., and around 20 
mad. for 21 Mc. This will be nearly " all out" for 
50 Mc., near the midpoint for 28, and down to 
about Yi inch for 21. The variable coil can be 
adjusted for resonance for each band, and the 
approximate number of turns required can be 
logged for future reference. Logging of settings 
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for Cg can be done similarly. Adjustment of the 
variable coil should be made at low power level, 
to avoid arcing at the contact surface and pos-
sible damage to the roller and coil. 
The capacitance needed at C10 will be about 50 

pad for 50 Mc., 100 for 28 and 150 for 21 Mc. 
Adjustment of this control is similar to the use of 
the familiar swinging link. It is an output coupling 
adjustment only, and either L9 or Cg should be 
reset for resonance whenever C10 is varied. 
Adjustment should be made with a standing-
wave bridge connected in the coaxial line between 
J2 and the antenna coupler, taking care to see 
that the load is properly matched. 

• A V.H.F. MAN'S VFO 
The frequency-control unit shown in Figs. 17-7 

and 17-17-17-19 is designed for the vhf. oper-
ator, though it may be used on all bands from 
3.5 Mc. up as well. Vhen used with the other 
equipment described in these pages it converts 
the crystal oscillator stage of the exciter to a 
frequency multiplier. The VFO unit has a speech 
amplifier and a reactance modulator for narrow-
band FM built in. 
The oscillator is a 5763, with a series-tuned 

Colpitts circuit having a tuning range of 3000 
to 4000 kc. Its plate circuit is untuned, and the 
output is fed to another 5763 that serves as either 
amplifier or doubler. The plate circuit of the 
second stage may be tuned to the oscillator fre-
quency or to its second harmonic. 

\Vith the values given in the parts list, one 
sweep of the vernier dial tunes the oscillator from 
3000 to 3713 kc., with a little leeway at each end. 
The second stage is normally tuned from 6000 to 
7425 Ice., taking care of the 21-, 27-, 28-, 50- and 
144-Mc, requirements of the complete station as 
desired. By resetting the band-set condenser, C2r 
slightly the oscillator range can be extended to 
4000 kc., permitting use of the VFO over the en-
tire 3.5-Mc, band, as well as the 7- and 14-Mc. 
bands if the user so desires. 

Fig. 17-17 — Top view of the VFO unit, with cover removed. Speech-amplifier and reactance-modulator com-
ponents are at the right, with the oscillator tuning condenser and coil near the center. An aluminum partition 
divides the oscillator socket. 'I'he amplifier stage is at the left end. 
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Fig. 17-18 — Schematic diagram and parts list for the 1; FO and reactance modulator. 

CI, C2 — 50-pad. variable with rotor hearing at each 
end of shaft (Ilaniniarlund MC-50). Remove 
plates in C1 for desired bandspread — see text. 

C3, C4 — 680-pfd. siker mica. 
Ca, C15, Cie — 47-µµM. silver mica. 
Cg, Cg, Cg, C11, C13, CI7 — 0.01-41. disk ceramic. 
C7 — 25- pfd. ceramic or mica. 
Cto — 140-ppfd. variable (11ammarlund MC-140). 
Cm, C14, Cis — 0.1-pfd. tubular. 
111 — 68,000 ohms, 34 watt. 
112 — 1000 ohms, .1/2 watt. 
Ra — 33,000 ohms, watt. 
114 — 22,000 ohms, 1 watt. 
R5 — 1 megohm, 3Á watt. 
Ils, R10, R11 — 0.47 megohm, watt. 
112 — 0.22 megohm. 
Rs — 0.5-megohm potentiometer, with switch. 

Construction 

Mechanically, the VFO is similar to the exciter, 
in that it is built inside a standard 3 X 4 X 17-
inch aluminum chassis, with the tubes and fila-
ment transformer projecting from the rear wall. 
This makes a compact shielded unit that mounts 
on a 33'-inch rack panel. Looking into the top 
front view, Fig. 17-17, we see the oscillator tuning 
condenser, C1, at the center, driven by the ver-
nier dial. The oscillator inductance is to the left. 
An aluminum partition splits the oscillator tube 
socket, with pins 4 to 7 on the right side of the 
partition. Components of the output stage are 
at the far left. On the right side are the reactance 
modulator and speech-amplifier sockets, the de-
viation control, the band-set condenser, C2, and 
the microphone jack. 

Ro — 0.1 megohm, watt. 
Biz — 820 ohms, watt. 
1113 — 10,00(1 ohms, 3/ watt. 
1.1 — 40-ph. 25-watt transmitting coil (B & W Baby 

Inductor, type M. o jib plug-in base removed) 
— 14-ph. 25-wait transmitting coil, end-linked (B 8z 

W type 40-ME1., with plug-in base removed). 
1.3— 4-turn link, part of L2 assembly. 
Ji — Closed-circuit jack. 
J2,13 — Coaxial fitting, female. 
11FC1, RFC2, liFC4 — 2.5-mh. r.f. choke, stand-off 

type (National 11-100S or n-ioou)• 
RFc3 — 2.5-mh. r.L choke (National R-100). 
Si — S.p.s.t. switch, shaft type. 
Ss — Switch or gain control, Ro. 
Ti — 6.3-volt 3-amp. filament transformer (Chicago 

1"0-63). 

The inductances in both stages are made from 
commercial plug-in coil assemblies. The plug-in 
bases are removed, and the coils mounted on 
pillars. The oscillator coil should have at least 
one half its diameter in all directions clear of 
metal objects of appreciable size. Wiring should 
be done with stiff wire, and all components con-
nected with the oscillator circuit should be 
mounted rigidly. 
Where the cable between the VFO and the fol-

lowing equipment is very short, the output from 
J2 may be fed directly into the crystal socket. 
For more remote operation it may be necessary 
to install a tuned circuit and link coupling at 
the exciter end in order to insure efficient trans-
fer of energy between the two units. 
The reactance modulator follows standard 

practice. The gain of the first 6BA6 stage is suffi-
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Fig. 17-19 — Looking into the VFO from the rear. The variable condenser at the left is C2, for setting the band on 
the vernier dial. 'I'he large variable at the right allows the output circuit to be tuned to the oscillator frequency 
or its second harmonic. 

cient to permit NFM operation on 10, 6 or 2 
meters, with a crystal microphone. With the 
method of connection between the modulator and 
the oscillator shown in the schematic, the devia-
tion is too low for use on frequencies lower than 
the 27-Mc. band. More deviation can be obtained 
by connecting the lead from the coupling capac-
itors, C15 and C16, to the stators of C1 and C2e 
instead of across the tuned circuit. If the FM is 
to be used only above 27 Mc., however, the 
method shown is recommended. 

Provision is made for turning off the heaters 
of the 6BA6s when the FM portion of the VFO 
is not in use. There is some frequency shift when 
the heaters are turned on and off in this way, 
however, and if the user expects to change fre-
quently from FM to other modes it would be well 
to have S2 break the B-plus lead, rather than the 
heaters. Where the deviation control is connected 
in the reactance-modulator grid circuit, as is 
done here, a blocking capacitor, CH, must be 
added in series with the arm of the potentiometer. 
Otherwise, variation of the control will affect the 
frequency of the oscillator. 

Operation 

Deviation should be adjusted by listening to 
the signal on the band where the transmitter is to 
be used, as it increases with each frequency 
multiplication. Monitoring the signal is easy, as 
the proper harmonic of the VFO can be used, and 
all the rest of the rig left inoperative, thus pre-
venting blocking of the receiver. Deviation re-
quirements of various receivers will vary widely, 
but a safe starting point is to set the control so 
that speech sounds clean in a communications 
receiver with its crystal filter in the broadest 
" on " position. 
The VFO dial (National MCN) can be cali-

brated with the aid of a receiver capable of tun-
ing the oscillator or doubler range. Set the vernier 
dial so that the variable condenser is at maxi-
mum. Then adjust the bandset condenser until 
the oscillator frequency is 3000 kc. Check the 
tuning range before removing plates from C1. 

The tuning range can be made to cover 3000 to 
4000 kc. without resetting the bandset con-
denser, or if the user is interested in the v.h.f. 
bands only, it can be reduced to 3000 to 3375 kc., 
multiples of which cover the 50- and 144-Mc. 
bands. Plates can be removed from C1, one at a 
time, resetting C2 each time so that the frequency 
of the oscillator is 3000 kc. with C1 at maximum, 
and checking the tuning range on the calibrated 
receiver. To cover 3000 to 3713 kc., C1 was re-
duced to 3 stator and 2 rotor plates. 
To use the VFO with the exciter described 

earlier, no more than 150 to 200 volts is needed 
on the second stage. Cathode current, metered 
at .12, will be around 10 ma. when the doubler 
plate circuit is tuned to resonance. At this low 
input the tuning is unimportant, so long as the 
stages following receive sufficient excitation. It 
is not necessary to retune the doubler plate circuit 
for frequency shifts normally made within any 
one band. 
The construction of the VFO is such that there 

should be little frequency drift clue to heating as 
the tubes are operated far below ratings, and 
being mounted outside the main assembly they 
cause little temperature change in the frequency-
controlling elements of the oscillator circuit. No 
special TVI precautions were taken, other than 
the shielding inherent in the design, and the use 
of shielded wire for all power wiring. 

It is important that the power supply used on 
the VFO and modulator be well filtered and free 
from hum. Particularly where FM is used, the 
slightest a.c. ripple will show up in objectionable 
proportions. With sufficient filtering in the power 
supply, the note should be nearly comparable to 
crystal control, even on the v.h.f. range. 
Note that no mention is made of keying the 

VFO unit. Experience has shown that oscillator 
keying results in too much frequency shift to 
be usable in v.h.f. work without precautions that 
are out of line for a simple unit such as this. In 
v.h.f. work, at least, keying should be done 
two stages or more away from the oscillator un-
less extensive stability measures are taken. 
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Transmitter-Exciters for 50 and 144 Mc. 

The units shown in Figs. 17-20 through 17-25 
are designed to serve several purposes. They may 
be used individually or together, depending upon 
whether the builder wishes to operate on both 50 
and 144 Mc. or on either band alone. They may 
serve as complete transmitters for either mobile 
or home-station service, or they may be used as 
exciters for driving higher powered stages. The 
dual tetrode amplifier of Fig. 17-26 would be a 
suitable following stage for up to 100 watts input. 

Overtone oscillator circuits are employed in the 
interest of low power consumption, circuit sim-
plicity and ease of TVI prevention. Power wiring 
is done with shielded wire, and the physical 
arrangement of the parts is such that nearly com-
plete shielding is obtained. If further enclosure is 
needed to prevent TVI it is merely necessary to 
cover the top of the unit. Power output is taken 
off by means of coaxial fittings, for convenience 
in mobile operation, and for complete shielding. 
The two units are as similar, both mechanically 

and electrically, as possible. Both are built en-
tirely on their 5 X 10-inch sheet aluminum top 
plates. These are screwed onto inverted 3 X 5 X 
10-inch steel or aluminum chassis. Both use a 
12AU7 dual triode as oscillator and frequency 
multiplier, with a 2E26 final amplifier. The 144-
Mc. unit has a 5763 doubler stage between the 
12AU7 and the 2E26, and the operating condi-
tions of the stages vary somewhat. 
The ta.!cessary driving power for the final is 

more readily obtained on 50 Mc., so the oscillator-
multiplier is set up to run at lower input. Induc-
tive neutralization (L4 and L5 in Fig. 17-22) was 
used to stabilize the 50-Mc, unit, whereas a small 
capacitance accomplishes the same end in the 
144-Mc. amplifier. An end-linked tank circuit 
works well on 50 Mc., but a balanced tank with 
center link is more satisfactory for 144 Mc. 

Both transmitters are set up to permit com-
plete metering of all stages. Looking at the male 
chassis fittings in the schematic diagrams, it may 
be seen that each grid return, screen and plate 
lead is brought out to a separate pin. It is helpful 
during the adjustment of the rigs to be able to 
meter each stage without breaking into the main 

wiring. This is done by connecting a meter tempo-
rarily between the proper power plug pins. After 
adjustment is completed the meter can be re-
placed with a jumper in the plug. The exciter 
stages require 250 to 300 volts. The amplifier may 
be operated at the same level, or if more power 
is wanted the final plate voltage may be raised 
to 400 volts. 

Adjustment and Operation 

With either rig the oscillator stage should be 
checked first. This should be done with 150 to 
200 volts until correct operation is established, 
and with no voltage on the following stages. 
Proper operation of the oscillator depends on the 
amount of feed-back, which can be adjusted by 
varying the position of L.2 with respect to L1, or 
by changing the number of turns in either wind-
ing. For best mechanical stability, the two coils 
are made from a. single piece of B & W Miniductor, 
breaking the wire to give the specified number of 
turns in each winding. Because the characteristics 
of tubes and crystals vary somewhat, it is well to 
start with at least one extra turn on each winding. 
The feed-back should be only enough to insure 

easy starting of the oscillator under load. Adjust-
ments should be made with the grid circuit of 
the following stage completed, with a low-range 
milliammeter connected to the proper terminals 
on the plug to read grid current. Oscillation will 
be evidenced by the sudden appearance of grid 
current as C1 is rotated. If the feed-back is cor-
rect, this will occur at only a small portion of the 
tuning range of C1. Listen to the oscillation at 
24 or 25 Mc. It should vary only slightly in fre-
quency, if at all, as C1 is tuned. If the frequency 
changes gradually across the tuning range the 
oscillator is not crystal controlled, and too much 
feed-back is indicated. Remove a turn at a time 
from L2 until only crystal-controlled oscillation 
remains. If there is insufficient feed-back there 
will he no oscillation. Feed-back can be increased 
by removing turns from L1, or adding turns to 
L2. If several crystals are available, try to find a 
median setting that will work with all of them. 

Crystals may he the overtone variety, marked 

Fig. 17-20 — A 25-watt transmitter 
or exciter for 50 Me. 0-eillator and 
doubler are tuned b .erewdriver 
adjustments at lower left and center 
of top plate. The amplifier control 
is the knob at the right. The 11-pin 
power fitting is at the center, rear, 
and the antenna output fitting is in 
the upper right. 



V.H.F. TRANSMITTERS 403 

• 

Fig. 17-21 — Bottom view of the 
50-Mc. transmitter-exciter. Oscilla-
tor. doubler and final circuits are 
from left to right. Note the inductive 
neutralization link between L3 and 
L4. Disregard the power fitting at the 
lower left and follow Fig. 17-22 for 
¡Kamer connections. 

• 

for frequencies bet %Veen 24 and 27 Mc., or they 
may be fundamental-type cuts for 8 to 9 Mc., 
working on their third overtone. Much less feed-
back is needed for overtone crystals ordinarily, 
and if they are to be used exclusively L2 may be 
reduced to as little as three turns. If difficulty 
with starting under load is encountered, the size 
of the coupling capacitor, C3, can be reduced, and 
it may be advantageous to connect an r.f. choke 
between Pin 2 of the frequency multiplier and 
the grid leak, R3. 

OSCILLATOR 

25Mc.  

L. 

84Mc 

To Mear or 
Pin il 

To Meter 
or Pin 3 

To 300 
to 400V. 
Modulated 

T°6•3M +250 
to 300V. 

e, 
I2AU7 6 

To Meter 
or Pin I 

To Meter 
or Pin II 

To Meter 
or Pin 1 

The second half of the 12AU7 is operated as a 
doubler to 50 Mc. in the unit for that band, and 
as a tripler to 72 Mc. in the 144-Me. model. It 
has no unusual features in either case. The am-
plifier is so easy to drive on 50 Mc. that input to 
both the oscillator and doubler stages can be kept 
at quite low level — not more than about 10 ma. 
plate current for each section. In the 144-Mc. unit 
the current drains will run about 12 to 15 ma. far 
each stage. Grid current should be 1 ma. or more 
in either case. 

DOUBLER AMPLIFIER 

Fig. 17-22 — Schematic diagram and parts list for the :in- NI v. transmitter-exciter. 

C.1 — 50-ppfd. trimmer (Millen 26050-LN). L2 — 4 turn, \ 20, )"-inch (ham., 4 inch long. La and 
C2, Cts, C7, Cs 0.001-pfd. disc ceramic. 
C9, Ce 50-ppfd. ceramic. 
C4— 25-add. trimmer ( National MS11-25). 
Cs — 20-ppfd. double-spaced shaft-type trimmer (Mil-

len 20920). 
RI — 39,000 ohms, 3.¡ watt. 
112, R4 — 470 ohms, j¡ watt. 
R3 — 100,000 ohms, watt. 
— 68,000 ohms, ,1/¡ watt. 

Rs — 30,000 ohms, 3 watts. (3 10,000-ohm 1-watt re-
sistors in series. May be reduced in resistance 
and wattage for 300-volt operation.) 

Li — 9 turns No. 20, diam., es(' inch long 
(B & W Miniductor No. 3003). 

L2 are made from a single piece of li & W Mani-
ductor No. 3003, 13 turns total. See text and 
Fig. 17-21. 

La — 5 turns No. 20, 34-inch diam., bs inch long 
(B de W No. 3003). 

Lb — 1-turn neutralizing loops connected by link, 
No. 14 enam. See Fig. 17-21. 

Le — 5 turns No. 16, 1-inch diam., 1)4 inch long 
(R & W No. 3021). 

L7 — 3 turns No. 14 enam., diam., inside cold 
end of L. 

.1t — Coaxial output fitting. 
Ji — 11-pin male chassis fitting (Amphenol 86RCP11). 
RFC' — 1-mh. r.f. choke (National R-50). 
RFC2 — 2.5-mh. r.f. choke tNational R-100). 
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The 5763 doubler stage in the 2-meter unit is 
of conventional design. Care must be taken in 
layout to keep down lead inductance. Note that 
the lead from the plate to the tuning condenser 
is made of quarter-inch wide copper strip. 

Because of the difference in layouts required 
for the two frequencies, the two amplifiers op-
erate somewhat differently. The 50-Me, unit has 
the final tank coil and antenna coupling under-
neath the chassis. There is thus more feed-back, 
and neutralization was needed. This is furnished 
by the link that may be seen in the bottom view, 
Fig. 17-21. A loop of No. 14 enameled wire is 

24 Mc. 

To Meter 
or Pin 11 

To Meter 
or Pin 3 

To 300. 
to 400V. 
Modulated 

6.3 V. 

05C. TRIPLER 

To Meter 
or Pin 1 To Meter 

or Pinll 

+250 
to 300V. = 

T lItter 
Pin t 

To Meter 
or Pin 11 

Tor'ileir o  

72 Mc. 

C81 
_ 

Fig. 17-23 — Top view of the 25. 
watt 144-Me. transmitter. Layout 
is similar to the 50- Mc. ex-
cept for the additional (builder stage 
and the mounting of the final tank 
circuit above the chassis. 

• 

mounted on stand-offs, with one turn coupled to 
L3 and the other end to L6. The position of the 
coupling loop at either end is adjusted for neu-
tralization in the same way as for capacitively 
neutralized amplifiers. The loop (L5) is between 
the second and third turns of L6, with the antenna 
coupling coil below. Slight variations in layout 
may eliminate the need for neutralization, so the 
amplifier operation should be checked without it 
at first. 

In order to shorten the plate lead, the plate 
circuit of the 2-meter unit was mounted above the 
chassis. This permits use of a balanced tank cir-

DOUBLER 

5763 

AMPLIFIER 
144 Mc. 144 Me. 

j_ 

cix —t— 

5763 2E26 

21/\\*7 

=cm 

Fig. ¡ 7.24 17-24 — Schematic diagram of the RI- Mc. transmitter. Bottom ,,f both power plug and socket are shown. 

Ci — 50-eimfd. trimmer (National PS11-50). 
C2, C5, C7, Cs, CIO. Ci. C13. CH. Cio — 0.001 .ufd. disc 

ceramic. 
Cs, Cs — ceramic. 
C4 — 25-umfd. trimmer (National PS11-25). 
Co — 10-dd. double-spaced trimmer (Millen 26020 

cut down to 2 rotor and 3 stator plates). 
Cl2 — 10-1.o.ifd. ceramic. 
CI5 — 10-joifd. per section butterfly (Johnson 101.815). 
Ri — 10,000 ohms, 1 watt. 
82, Ri — 470 ohms, 3/2 watt. 
83— 100,000 ohms, 3,¡ watt. 
Ra — 68,000 ohms, j¡ watt. 
Rs — 12,000 ohms, 3,¡ watt. 
R7 — 22,000 ohms, h watt. 

Rs — 22,000 "tuns, 1 watt. Make like Ro in Fig. 17-22 
if using more than 300 volt plate supply. 

Li, 1.2 — Similar to Fig. 17-22. 
— 4 turn. No. 18, I2-inch diam., 3,2' inch long 

(B \\ No. 3002). 
— 4 turn: I I, '4-inch diam., inch long. 

L5 — 6 turns No. I I. 3 turns each side of center spaced 
diameter of wire, '4-inch diam., 34-inch space at 
center of Lg. 

Le — 2 turns No. 14 enam., diam. 
— Coaxial output fitting. 

J2 — 11-prong male chassis fitting (Amphenol 86 
RCP11). 

RFC' — 7-uh. r.f. choke (Ohmite Z-50). 
11FC2, RFC3, R FC4 — r.f. choke (Ohmite Z-144). 
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Fig. 17-25 — 1 nder-chassis view of 
the 144-Mc. transmitter. Oscillator, 
tripler and doubler tuned circuits are 
from left to right. 

cuit and practically eliminates the need for neu-
tralization. To make up the difference in ca-
pacitance on the two sides of the circuit, a lead 
from the low side is run through a chassis bushing 
to just below the chassis level. If there is insta-
bility, the length of the lead below the chassis can 
be varied to effect neutralization. Contact is made 
to the 2E26 metal ring externally by means of a 
spring clip mounted under one of the socket-
mounting screws. This contributes to more stable 
operation of the amplifier, though connection is 
made to the ring internally through Pin 8. Shield-
ing may or may not be necessary on the 5763. 
Operation of the tube without a complete shield 
results in more effective cooling, and is recom-
mended if possible. 

Operating conditions for the various stages 
follow the tube manufacturer's recommendations 
closely. If more or less input to the final stage is 

desired it can be controlled by variation of the 
screen voltage, with a smaller or larger dropping 
resister value. 

If both transmitters are to be used, their opera-
tion may be controlled by an external switch that 
furnishes heater voltage to the unit desired at 
the moment. Plate voltages may be left con-
nected to both units in this case, as only the one 
whose heaters are energized will draw current. 
Loading on the amplifier is varied by adjusting 
the position of the output coupling winding. In 
some cases the insertion of a series tuning con-
denser between the coupling loop and ground 
may be desirable. Power output will be about 15 
watts maximum on 50 Mc. and about 10 watts 
for the 144-Mc. unit. If the plug connections 
given in the schematic diagrams are followed it 
will be possible to interchange the two power 
plugs without affecting the operation of the rigs. 

A 100-Watt R.F. Amplifier for 50 and 144 Mc. 
The r.f. amplifier shown in Figs. 17-26, 17-27 

and 17-28 is designed for use with a dual beam 
tetrode such as the 829B or AX-9903. It is capa-
ble of handling an input of up to 120 watts on 
c.w. or FM and about 100 watts on AM 'phone. 
The driver stage should have an output of 5 
watts or more, to assure adequate driving power. 
The same general layout may be used with an 
832A or 815, if a suitable value of grid resistor 
is used. The 815 also requires a different socket. 
The amplifier is built on an aluminum chassis 

3 by 4 by 17 inches in size, with practically all 
components mounted topside. The two-band 

17-26 — A dual-tetrode am-
plifier for 50 and 144 Me., with 
50- Mc, coils in place. In the fore-
ground are the 144-Me, grid coil 
and the antenna coupling loop 
used for 144-Mc. operation. 

tank circuit described in Fig. 17-3 is used, to fa-
cilitate easy band changing and assure efficient 
operation on 144 Mc. Only the plate circuit is 
tuned. The grid coils are made to resonate with 
the input capacitance of the tube. The plate 
tuning condenser is cut down to a capacitance 
suitable for 144-Mc, used by removing plates, 
leaving two stator and three rotor plates in each 
section. The two stator plates left are those on 
either side of the stator connection lug. One rotor 
plate is removed from each end of the shaft and 
four from the middle. 
The tube socket is mounted on a bracket 3% 
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inches high, with the tube cen-
tered 2 inches above the chas-
sis. The tuning condenser and 
coil socket are also mounted on 
brackets, the former 2%8 inches 
high. Both brackets have U-
shaped cutouts to pass the plate 
lines with at least 6 inch clear-
ance all around. 
The plate lines are 5!2 inches 

long, exclusive of the flexible 
portion at the plate end. This is 
of tinned braid, making 1% 
inches additional, from the end 
of the lines to the slip-on connec-
tors. The flexible portion of the 
line is made fast by inserting the 
end of the braid in the tubing and 
crimping the tubing in a vise. 
The connection is soldered for 
added firmness, but the tubing 
should be squeezed tight enough 
to hold the braid in place, as long 
periods of operation may heat the 
line sufficiently to loosen soldered 
connections. Connections from 
the lines to the tuning condenser 
are made by wrapping the tubing 
with four turns of tinned wire and 
soldering this wrap to the line 
and the condenser tab. The far 
end of the line is mounted on 2-
inch standoffs and small copper 
brackets, bringing the over-all 
height to 23/2 inches. 
The spacing of the lines, 3/1 

inch center to center, is deter-
mined by the spacing of the pills of the Millen 
37212 plug used for a shorting bar. A short is 
placed across the terminals of the plug, and 
connection is made for the B-plus with a flexible 

Fig. 17-28 — Bottom view of the tetrode amplifier. 

lead. The Millen 37211 socket, mounted at the 
end of the chassis, serves as a convenient stor-
age device for the plug and as a terminal strip 
for RFC2. The plug may be used to adjust the 
line length; sliding it into or out of the line per-
mits an adjustment of about Y4 inch in over-all 
length. This may be useful in counteracting for 
slight variations in tube characteristics. 
The grid coil socket is mounted on a plate held 

in position by the screws on which the tube 
socket is mounted. It is positioned for minimum 
lead length — an important consideration. The 

Fig. 17-27 — Schematic diagram of the two-band tetrode amplifier. 
CI, Ca — Neutralizing capacitors, see text. 
Ca, C4 — 0.001 -pfd. disc ceramic. 
Ca Split-stator variable, approx. 15ppfd. per section (Millen 24935 with 

2 stator and 3 rotor plates removed from each section). 
Ca — 0.001-ad. mica. 1200-volt rating. 
Ri — 4700 ohms, 1 watt. 
112 — 10,000 ohms, 10 watts. 
L1 — 50 Mc.: 3 turn. No. 18, 1)/vinch dia., turns spaced wire dia. 

144 Mc.: U-shaped loop )6 inch wide and 1% inch long, No. 14 
tinned. 

— 50 Mc.: 2 turns each side of Li, same dia, and spacing, center tapped. 
Can be made by removing one turn from each end of a National 
AR-16 10-S assembly. 

144 Mc.: U-shaped loop similar to Lu, but center tapped. See Fig. 
17-26. 

14 — 3 turns each side of center, No. 12 tinned, 1 inch dia., spaced 1 dia., 
center tapped. Leave -inch space for L4. 

L4 — 3 turns No. 14 enamel. 1-inch dia.. spaced 1 dia. 
L5A, La 13 Yr inch o.d. copper tubing, 5)6 inches long, spaced ,),4 inch on 

centers. Make 7 inches long for 9903/5894A. 
Ls — Hairpin coupling loop 3% inches long, AI: inch wide, No. 12 enamel. 
Ji, J2 — Closed-circuit jack. 
— Male a.c. connector. 

RFC' — r.f. choke (Ohmite Z-50). 
BFC2 — 1.8-ph. r.f. choke (Ohmite Z-144). 
T, - Filament transformer, 6.3 volts, 3 amp. 

input capacitance of the 829B is high enough so 
that it may be impossible to resonate the grid 
circuit at 148 Mc., if appreciable lead length or 
stray capacitance is introduced. If an 832A or 
AX-9903 is used the grid coil will be somewhat 
larger than that specified and neutralization may 
not be needed. 

Neutralization is accomplished, when required, 
by means of leads brought through the bracket, 
adjacent to the tube plates. These are crossed 
over to the opposite grids at the socket. Feed-
through bushings are used and soldering lugs are 
attached to the bushings to provide the neutral-
izing capacitance. If more is needed these can be 
replaced with small tabs of sheet copper. 
There may be a slight change in neutralizing 

capacitance needed for the two bands. As neu-
tralization is inclined to be more critical at the 
higher frequency, the adjustment should be 
made carefully on 144 Mc. This same setting may 
he satisfactory for 50-Mc, operation as well. 
The plug-in coils are mounted on National 

PB-16 bases, fitting XB-16 sockets. When the 
stage is used on 144 Mc. the coupling is by means 
of a hairpin loop which plugs into the coil socket. 
The r.f. output is thus fed down to a crystal 
socket on the back of the chassis, for either band. 
A similar crystal socket is used for the r.f. input, 
at the tube end of the chassis. 
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Transmitter-Exciter for 220 Mc. 

Construction of a stable transmitter for 220 
Mc. is not difficult, and though simple oscillator-
type rigs may suffice for short-range work, crys-
tal control or its equivalent is highly worth-while. 
A low-powered transmitter need not be costly, as 
receiving tubes can be used throughout, and by 
selection of a frequency near the low edge of the 
band, a crystal can be obtained that will serve 
for the upper portion of the 144-Mc, band as well. 
The transmitter shown in Figs. 17-29, 17-30 

and 17-31 delivers about two watts. The final 
stage may be modulated for voice work, or the 
unit may be used as an exciter to drive higher-
powered stages. Three 12AT7 dual triodes are 
used. The first serves as a third-overtone oscil-
lator and frequency tripler. This drives a push-
pull tripler to the operating frequency. The out-
put stage is a neutralized push-pull amplifier. 

Probably any of the several dual triodes having 
the same base connections as the 12AT7 could be 
used, and with minor modifications 6J6s will 
work well. The safe input for 6J6s is slightly 
lower, however, as their maximum plate voltage 
should not be higher than 250 volts. The 12AT7s 
will stand 300 volts, if the rig is adjusted properly. 

Crystal frequencies should lie between 8.15 and 
8.33 Mc., or 24.45 and 25 Mc. If the same crystal 
is to be used in 144-Mc. work, it should be be-
tween 8.15 and 8.222 or 24.45 and 24.66 Mc. 
Where crystals in the 8-Me. range are used, it is 
suggested that values multiplying out to frequen-
cies well inside the band edges be chosen, as the 
overtone frequency may not be exactly three 
times the frequency marked on the holder. 

Construction and Adjustment 

The transmitter is built on a sheet of aluminum 
5 by 9 inches in size, so that it may be mounted 
on a standard aluminum chassis of the same di-
mensions, 2 inches high. This makes for a mini-
mum of mechanical work, and provides excellent 
shielding. Power leads are made with shielded 
cable, and each plate and grid lead is decoupled, 
to prevent radiation of harmonics through the 
power cabling. The shielded wire may not be 
necessary as a TVI-prevention measure, but it 
makes a neat assembly, and it is easy to install. 
Should TVI become a problem, most of the pre-
ventative measures will already have been taken. 

In both top and bottom views the principal 
components may be identified readily. From left 
to right, we see the crystal and its associated 
circuit, the oscillator-tripler tube, the tripler plate 
circuit, the push-pull tripler tube, tripler plate 
and amplifier grid circuits, and final amplifier 
stage. Power is brought to the various circuits 
through an 8-pin power fitting, provision being 
made for metering all important circuits. The 
tube sockets, crystal socket, tuning condensers 
and output socket are centered on a line drawn 
down the middle of the base plate. 

Initial adjustment of the transmitter can be 
done with any power supply that will deliver 150 
to 250 volts. The rig can be operated at higher 
voltages than this, but for the first work it is well 
to stay below 250 volts. If a 300-volt supply is 
used, a 10-watt resistor of about 5000 ohms 
should be connected in series with the supply 
voltage temporarily. If the power fittings are 
wired as shown in Fig. 17-30, the various circuits 
can be metered during the testing operation. 

Fig. 17-29 — Top view of the 220-Me. transmitter. 

Start with the oscillator, by connecting a 50- or 
100-ma. meter between Pins 3 and 4. Leave Pin 2 
open for the present. Apply plate voltage and 
note the current as CI is rotated. There will be a 
sharp dip as the tube goes into oscillation. Check 
to see if this oscillation is controlled by the crys-
tal. If there is self-oscillation, reduce the size of 
the feed-back winding, L2, a half turn at a time. 
If there is no oscillation, more inductance may 
be needed in L2. Feed-back may also be controlled 
by cutting the small winding loose from the larger 
one, and adjusting the spacing between them. 
They are made from one piece of B & W Minidue-
tor, by cutting the wire at the fourth turn. 
Once the oscillator is working correctly, solder 

a jumper wire between Pins 3 and 4, and connect 
the meter between Pins 3 and 5. Tune C2 for a 
slight dip in plate current, and check the fre-
quency to be sure that the stage is tripling. There 
should be enough output to light a 2-volt 60-ma. 
pilot lamp with a single-turn loop coupled at the 
center of L3. The capacity of C3 should be set at 
the point that gives the greatest output, read-
justing C2 each time C3 is changed. The purpose 
of this capacitor is to balance the tank circuit. It 
will peak at a point that simulates the output 
capacitance of the tube appearing across the op-
posite end of L3. 
Now connect a jumper from Pin 3 to Pin 5, 

and connect the meter between Pins 3 and 6. A 
low-range meter (0-10 or 0-25 ma.) may be con-
nected between Pins 8 and 7 also, to measure the 
final grid current. Adjust al for maximum grid 
current, or for plate current dip, and move L3 
with respect to L4, retuning C4 as this is done, 
until the position that gives the highest grid cur-
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Fig. 17-30 — % iring diagram of the low-powered 220-Mc, transmitter. 

t 50-iri.rf. miniature trimmer (II ammarlund MAPC-
50). 

( :2 — 1 l-gmf. miniature butterfly variable (Johnson 
11M1311). 

Cs, Cs, CO — 3-30 med. mica trimmer. 
C4, C7 — 8-puf. miniature butterfly variable (Johnson 

9M BU ). 
— 10 turns No. 20 tinned, diem., spaced 

diam. of wire. 
L2 — 4 turns No. 20 tinned similar to Li. Li and L2 

made from single piece of B & W Nliniductor 
No. 3003: see text. 

L3 12 turns No. 18 tinned, -inch diam., spaced 
diam. of wire, center-tapped. 

rent is found. There will be little change in plate 
current, so the final grid meter is the better 
indicator. 
Add a jumper from l'in 3 to l'in 6 and proceed 

with neutralization of the final stage. This may 
lœ done in any of the conventional ways. Setting 
the neutralizing capacit ors at the point where 
there is no change in grid current as the final plate 
tank is tuned through resonance is a satisfactory 
procedure. The two trimmers should be about. the 
same setting, near minimum capacitance. Now 
apply plate voltage to the final stage, connecting 
the meter in series with l'in 2, and tune the final 
plate circuit for maximum output as indicated in 
a pilot lamp plugged into J1. This may be a blue-
bead 6.3-volt 250-ma, bulb, which will give a 
bright indication with about 2 watts output. 

220 Mc. 

L4 — 2 turns No. 18 enam., diam., spaced 
inch, center-tapped. 

L5 — 2 turns No. 18 enam., diam., spaced 
inch, center-tapped. 

L5 — U-shaped loop No. 16 tinned, made from 5 inches 
of wire. Sides of U are 1 inch apart, bent at right 
angles 1 inch from open end, center-tapped. 

L7 — Similar to Lo, but no center tap. Cover both loops 
with insulating spaghetti. 

Ji — Output terminal (crystal socket). 
J2 — Male power fitting, 8-pin (Ampheno 186-CP8). 
— Mauling cable fitting, 8-pin (Ampheno 178-PF8). 

RFC', RFC2 — 18 turns No. 22 enam., close-wound on 
1-watt resistor of high value. 

If Ln will not resonate the desired frequency, 
its inductance may be varied somewhat by 
spreading or compressing the sides of the U-
shaped tank. Making the U narrower lowers the 
inductanee, broadening it lowers its resonant 
frequency. The position of L7 with respect to L6 
should be adjusted for maximum antenna power. 
The degree of coupling will probably be somewhat 
different than that at which maximum lamp 
brilliance is found, as the lamp does not simulate 
the antenna load. l'ower input to the final stage 
should not exceed 10 watts. 

Average operating currents, with 300-volt plate 
supply, will be about as follows: oscillator — 10 
ma., tripler — 10 ma., push-pull tripler — 20 
ma., final grid current, stage operating — 6-8 
ma., final plate current, under load — 20-30 ma. 

Fig. 17-31— Interior view 
of the 220-Mc. transmitter. 
Components appear in the 
same order, left to right, as 
in external view. 

• 
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V.H.F. TRANSMITTERS 

Transmitting Equipment for 420 Mc. 

As on lower frequencies, best results will be 
obtained in 420-Me, work if the narrowest prac-
tical passband is used in the receiver. This dic-
tates the use of stabilized transmitters, if the full 
possibilities of the 420-Me, band are to be real-
ized. The band is 30 megacycles wide, however, 
so there is plenty of room for the use of simple 
rigs and broadband receivers, both of which may 
be entirely adequate for short-distance experi-
mental work. 
Many descriptions of equipment in this cate-

gory have appeared in QST in recent years. A 
bibliography at the end of this chapter lists these 
and various articles dealing with the conversion 
of war-surplus equipment for 420-Mc, use, as 
well as articles on more advanced equipment. 
Segregation of narrow and wideband techniques 
within the band appears desirable, however, and 
it is suggested that use of the 420-Me, band be 
apportioned as follows: 

420 to 432 Mc. — Modulated oscillators and 
wideband FM. 

432 to 436 Mc. — Crystal-control AM, c.w. and 
narrowband FM. 

436 to 450 Mc. — Amateur television. 

• A SIMPLE LOW-POWERED 
TRANSMITTER 

The transmitter shown in Figs. 17-32 through 
17-34 is typical of the sort of thing that can be 
used to good advantage in developing local :u.-
tivity on 420 Mc. It runs only a few watts input, 
and delivers only about one watt of output, but 
it is quite capable of working over a radius of 
several miles when used with a good antenna 

Fig. 17-32 — A 420-Mc. transmitter 
built in two units. The modulator 
portion, on a 7 X 7 X 2-inch 
uses a 6C4 driving a 6AQ5 modol., - 
tor. The oscillator uses a 6J6 and is 
assembled on a removable trough. 
shaped chassis. 
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Fig. 17-33— Bottom view of the oscillator assembly 
The trough in which the components are mounted is 
made of flashing copper. It is 6 inches long, I% inches 
high, and 2Wt inches wide, with Veinal edges folded 
over for sliding into a clip attached to the main chassis. 

system. A single 6J6 is used as a push-pull oscil-
lator, with a half-wave line in its plate circuit. 
The complete oscillator assembly is built in a 
trough made of flashing copper. The 6AQ5 mod-
ulator and 6C4 speech amplifier are on the main 
chassis, at the back of which is a copper clip into 
which the oscillator unit is fitted. This arrange-
ment permits experimenting with different types 
of r.f. sections without the necessity of making 
changes in the audio portion of the rig. 

Only three adjustments are necessary in plac-
ing the unit into operation. The frequency should 
be checked with Lecher wires or a calibrated 
wavemeter, setting the frequency near the middle 
of the band. The method of determining the 
proper point for feeding the B-plus to the line is 
discussed earlier in this chapter. When this is 
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+200V 13V 6.3V. 
-200 V. 

L, L2 

Fig. 17-34— Schematic diagram of the 420-Mc. transmitter. 

CI, C4 — 10-mfd. 25-volt electrolytic. 
C2 — 8-91d. 450-volt electrolytic. 
Ca — 0.01-afd. tubular. • 
C6 — Miniature split-stator variable, 4 add. per section. 

(Millen 219121), with one rotor plate removed 
from each section.) 

R — 470 ohms, 1 watt. 
R2 — 0.33 tnegohm, watt. 
R3, 114 — 5000 ohms, 5 watts. 
R6 — 0.47 megohm, ,1/2 watt. 
Its — 680 ohms, 1 watt. 
117, Rs — 100 ohms, !./3 watt, carbon. 

done the coupling loop should be adjusted for 
maximum power in the antenna and the transmit-
ter is ready for use. Frequency checks should be 
made again, after the antenna is connected to be 
sure that the signal radiated is well inside the 
band limits. 

• AMPLIFIERS AND 
FREQUENCY MULTIPLIERS 

Not many presently-available tubes work 
satisfactorily above 400 Mc. The 316A, 703A, 
15E, 8012 and 8025, all triodes, work fairly well 
as oscillators, but are relatively ineffective as 
frequency multipliers. The 6J6 will deliver a small 
amount of power as a tripler, and more can be 
obtained with a pair connected in push-pull-
parallel. 
Of the tetrodes, the 832A and AX9903 are most 

usel in 420-Mc frequency multipliers and ampli-
fiers. One of these tubes as a push-pull tripler from 
144 to 432 Mc. will drive another as a 432-Mc. 
amplifier. The 832A will give about 2 and 5 watts, 
while the AX9903 delivers 10 and 25 watts, re-
spectively, in these applications. The 5675, 2C43, 
2C39 and 4X150A are typical of the special u.h.f. 
tubes that are capable of high-efficiency opera-
tion, but their use involves the employment of 
special tank circuits and forced-air cooling. 
The tripler-amplifier of Fig. 17-35 uses two 

AX9903/5894A dual tetrodes to deliver 25 to 30 
watts output when driven by a 144-Mc. exciter 
of about 10 watts output. Half-wave lines are 
used in all 432-Mc. circuits, and a self-resonant 
coil in the grid circuit of the tripler. Adjustment 
of coupling between the stages is done by varying 
the position of the grid lines, L4, with respect to 
the tripler plate lines. 
Be certain that no mechanical stress is imposed 

on the plate pins by the tank circuits, as the 9903 

6J6 

OnCJI lator 

rf„ RFC, 

RFC, 

119 — 2700 ohms, 1/2 watt. 
1.1 — Midget filter choke. 
1.2 — Plate line made of two pieces of No. 12 wire, 41,4 

inches long, inch apart, center to center. 
L3 — hairpin of No. 18 wire. Portion which couples to 

L2 is about inch long. Position should be 
adjusted for maximum transfer of power to 
antenna. 

J — Closed-circuit jack. 
RFC,, It FC2 — 12 turns No. 20 enameled wire, 31s-inch 

diam., inch long. 
Ti — Single-button microphone transformer. 

is very easily broken. The 9903/5894A is a more 
rugged type recently introduced. 
The point of connection for the plate voltage 

should be checked to be sure that it is at the 
minimum r.f. voltage point. A pencil lead may be 
touched along the line until the smallest effect on 
the output is observed. Initially, the plate voltage 
may be fed into the line at a point just toward the 
tube end from the center. 
The position of the grid lines, La, is quite 

critical and must be adjusted carefully if maxi-
mum grid drive is to be obtained. Move the cop-
per strips a small amount at a time, readjusting 
C1 meanwhile, until at least 5 ma. of grid current 
is obtained. More may be used if obtainable. The 
grid circuit r.f. chokes are connected directly to 
the tube socket terminals, the input capacitance 
of the tube being high enough so that the nodal 
point is within the tube itself. Great care should 
be taken to see that the plate and grid lines do not 
come in contact with each other in the course of 
adjusting the coupling. This may be prevented by 
inserting thin sheets of mica or teflon between the 
plate and grid lines. Polystyrene is not usable for 
this purpose, as the heat radiated from the plate 
lines will melt it. 

Adjustment of antenna coupling is also very 
critical, and can best be accomplished with a 
field-strength meter, which need be nothing more 
than a crystal diode inserted in a pick-up antenna. 
A line of any length may be run from the antenna 
to the meter, for remote indication. 

Because of the relatively low efficiency obtain-
able at this frequency, the tubes should not be 
run at more than about 60 per cent of their nor-
mal ratings unless provision is made for forced-air 
cooling. The power capabilities can be stepped up 
by shielding the tubes and tank circuits and 
blowing air through the shields for cooling pur-
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• 

Hg. 17-35 — A tripler-
amplifier for 420 Me. 
Using two dual tet-
rodes, one as a tripler 
from 144 Mc. and the 
second as a straight. 
through amplifier, this 
unit delivers 25 watts 
output on 432 Mc. 
It can be driven by 
any 144-Me, exciter 
having an output of 8 
watts or more. 

• 

poses. Up to about 35 watts output can be de-
veloped safely in this way. 

Bibliography on 420-Mc. Equipment 

"Getting Started on 420 Me." (Hok-ington), 

June 1946 QST, page 43. 
"Four-Twenty Is Fun" (Tilton), Nov. 1947 

QST, page 13. 
"Operating the BC-645 on 420 Mc." (Ralph 

and Wood), Feb. 1947 QST, page 15. 
"Fun on 420 with the BC-788" (Clapp), July 

1948 QST, page 21. 
"Operating the APS-13 on 420 Mc." (Addison), 

May 1948 QST, page 57. 

TRIPLER 

AX9903 

Fig. 17-36 — Schematic diagram of the tripler-amplifier for 432 Mc. 

Ci, Ca — Midget split-stator variable, about I gad. per 
section (Millen 219121)). 

Cg 250-ggfd. ceramic. 
Iti — 50,000 ohms. 2 watts. 
112 — 100 ohms, Y2 watt, at center tap of Lt. 
113— 25,000 ohms, 10 watts. 
R4 — 10,000 ohms, 1 watt. 
Ra — 20,000 ohms, 10 watts. 
— 2 turns No. 14 enamel, ate-inch diameter, spaced 

twice wire diameter. 
— 2 turns No. 20 enamel, 3i s-inch diameter, between 

turns of Li. 
La — Flexible copper or silver ribbon, J2 inch wide and 

4 inches long. AN erage spacing about N in. 
L4 — Stiff copper strips 3 inches long. Adjust spacing 

between La and L4 for maximum grid current, 
as read in f2. 

La — Flexible copper or silver ribbon, 4¡ inch wide and 

"Tripling to 420 Mc." (Brannin), June 1948 
QST, page 52. 

"A Doorknob Oscillator for 420 Mc." (Tilton), 
January 1949 QST, page 29. 

"Simpler Gear for the 420-Me. Beginner" (Til-
ton), May 1949 QST, page 11. 

"Better Results on 420 Mc." (Tilton), August 
1950 QST, page 11. 

"Coaxial-Tank Amplifier for 220 and 420 Mc." 
(Brayley), May 1951 QST, page 39. 

"New Low-Noise Twin Triode" August 1951 
QST, page 46. 

"A 432-Mc. Converter from the Gold-Plated Test 
Oscillator," June 1952 QST, page 14. 

AMPLIFER 

AX9903 

4¡.•¡ inches long, including 34 inch bent over for 
fastening to heat-dissipating connectors. Aver-
age spacing of line is about N inch. Bend last 
half inch inward to form padder capacitance. 
(See Fig. 17-35.) The connectors must be filed 
down to provide a spacing of at least 34 inch 
between their inside edges. 

Ls — Coupling loop of No. 14 enameled wire. U-shaped 
portion is about 1 inch long. 

Ji, 12 — Closed-circuit jack. 
Ja — Crystal socket (Millen 33102). 
J4— Antenna terminal (National FWG). Not used in 

reüted version. (See Fig. 17-35.) 
RFC', RFC2, RFCa, RFC° — U.h.f. choke (ohmite 

Z-235). Attach to plate lines at point of lowest 
r.f. voltage. 

RFC3, RFC4 — 11 turns No. 22 enamel, 916-inch diam-
eter, 1 inch long. Attach directly to socket tabs. 



CHAPTER 18 

V.H.F. Antennas 

While the basic principles of antenna design 
are essentially the same for all frequencies where 
conventional elements are used, certain features 
of v.h.f. work call for changes in antenna tech-
niques above 50 Mc. Here the physical size of 
arrays is reduced to the point where an antenna 
system having some gain over a simple dipole can 
be used in almost any location, and experimenta-
tion with various types of arrays is an important 
part of the program of progressive v.h.f. ama-
teurs. The importance of high-gain antennas in 
v.h f. work cannot be overemphasized. By no 
other means can so large a return be obtained 
from a small investment as results from the erec-
tion of a good directional array. 

• DESIGN CONSIDERATIONS 
At 50 Mc. and higher the frequency range over 

which antenna systems should operate effectively 
is usually wider than that encountered on lower 
bands; thus more attention must be focussed on 
broad frequency response, possibly to the extent 
of sacrificing other qualities such as high front-
to-back ratio. 
As we go higher in frequency transmission-line 

losses rise sharply, and it becomes more important 
to match the antenna system to the line properly. 
Most v.h.f. transmission lines are long in terms of 
wavelength, so it may be more effective to use a 
high-gain array at relatively low height, rather 
than a low-gain system at great height, particu-
larly if the antenna location is not completely 
shielded by heavy foliage, buildings or other 
obstructions. 
The effectiveness of a v.h.f. array is almost di-

rectly proportional to size, rather than number of 
elements. et 4-element array for 432 Mc. may 
have as much gain over a dipole as a similarly-
designed array for 144 Mc., but it will intercept 
only one-third as much energy in receiving. To be 
equal in communication, the array for 432 Mc. 
must equal the 144-Mc, system in area, requiring 
three times the number of elements, if similar 
element configurations are used. 

Polarization 

Early v.h.f. work was done with simple an-
tennas, and since the vertical dipole gave as good 
results in all directions as its horizontal counter-
part offered in only two directions, vertical 
polarization became the accepted standard. 
Later when high-gain antennas came into use it 
was only natural that these, too, were put up 
vertical in areas where v.h.f. activity was already 
well established. 

When the discovery of various forms of long-
distance propagation stirred interest in v.h.f. 
operation in areas where there was no previous 
experience, many newcomers started in with 
horizontal arrays, these having been more or less 
standard practice on frequencies with which 
these operators were familiar. As use of the same 
polarization at both ends of the path is necessary 
for best results, this lack of standardization re-
sulted in a conflict that, even now, has not yet 
I wen completely resolved. 

Tests have shown no large difference in results 
over long pat hs though evidence points to a slight 
superiority for horizontal in certain kinds of ter-
rain, but vertical has other factors in its favor. 
Horizontal arrays are generally easier to build 
and rotate. Where ignition noise and other forms 
of man-made interference are present, horizontal 
systems usually provide better signal-to-noise 
ratio. Simple 3- or 4-element arrays are more 
effective horizontal than vertical, as their radia-
tion patterns are broad in the plane of the ele-
ments and sharp in a plane perpendicular to them. 

Vertical systems can provide uniform coverage 
in all directions, a feature that is possible only 
with fairly complex horizontal arrays. Gain can 
be built up without introducing directivity, an 
important feature in net operation, or in loca-
tions where the installation of rotatable systems 
is not possible. Mobile operation is simpler with 
vertical antennas. Fear of increased TV1 has kept 
v.h.f, men in densely-populated areas from adopt-
ing horizontal as a standard. 
The factors favoring horizontal have been 

predominant on 50 Mc., and today we find it the 
standard for that band, except for emergency net 
operation involving mobile units. The slight ad-
vantage it offers in DX work has accelerated the 
trend to horizontal on 144 Me. and higher bands, 

(A) 

Feeder 
300.600 
ohms 

5540 

ffayée 
grounded 

Line 

(,B) 

Fig. 18-1 — Two 
versions of the 
"J" antenna, often 
used in mobile in-
stallations, or in 
vertical arrays 
where parasitic 
elements may ro-
tate around a fixed 
radiator. 
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though vertical polarization is still widely used. 
The picture on 220 Mc. is still confused, the 

tendency being to follow the local 144-Mc. trend. 
Most 420-Mc, work is being done with horizontal. 
The newcomer to the v.h.f. bands should ascer-
tain which is in general use in the areas he expects 
to work, and go along with the others in those 
areas. In setting up activity where there is no 
operation presently, it is recommended that 
horizontal polarization be used, principally as a 
step toward much-needed standardization. 

• IMPEDANCE MATCHING 
Because line losses increase with frequency it is 

important that v.h.f. antenna systems be matched 
to their transmission lines carefully. Lines com-
monly used in v.h.f. work include open-wire, 
usually 300 to 500 ohms impedance, spaced one 
to two inches; polyethylene-insulated flexible 
lines, available in 300, 150 and 72 ohms imped-
ance; and coaxial lines of 50 to 90 ohms imped-
ance. Some of the methods by which these may 
he used to feed antennas of differing impedance 
are given below. 

The "I' 

Used mainly for feeding a vertical radiator 
around which parasitic ele-
ments are rotated, the "J" 
is a half-wave vertical radia-
tor fed with a quarter-wave 
matching section, as shown in 
Fig. 18-1. For 50 or 144 Mc. 
the spacing of the matching 
section should be 2 inches or 
less. The point of attachment 
of the line will depend on its 
impedance. It should be slid 
along the matching section 
until the point is found that 
results in the lowest standing-
wave ratio. The bottom of 
the matching section can be 
grounded, and it can be fed 
with balanced or coaxial line. 

The "J" is useful in 144-Mc, mobile applica-
tions, usually in the form shown in Fig. 18-1B. 

.554e 
fgt. 'aoo-ohoz 

line 

l=r 2 or less 
Fig. 18-2 — De-
tails of the folded 
.1 i pole. 

The Delta or " Y" Match 

A simple arrangement for feeding a dipole, 
either alone or as part of a parasitic array, is the 
delta or " Y" match, in which the line is fanned 
out and attached to the radiator at the points 
where the impedance along the element equals 
the line impedance. Dimensions for v.h.f. applica-
tions can be figured from data in the transmis-
sion-line chapter. Its chief weakness is the likeli-
hood of radiation from the matching section, 
which may impair the effectiveness of a multi-
element array. 

The "T" Match 

The principal disadvantages of the delta system 
can be overcome through the use of the " T" 
match, also detailed in the transmission lines 

413 
chapter. It provides a means of adjustment, by 
sliding clips along the parallel conductors, yet the 
radiation from the matching section is negligible 
because of its close proximity to the main ele-
ment. Its rigid construction is well suited to ro-
tatable arrays. Because the matching is adjust-
able, the dimensions of the "T" section are not 
particularly critical. The system may be used 
with any balanced line, including a pair of coaxial 
lines, the outer conductors of which may be 
bonded together and grounded. 

The Folded Dipole 

A flexible means of matching a wide range of 
antenna impedances is the folded dipole, shown 
in its simplest form in Fig. 18-2. When made of 
uniform conductor size the impedance at the feed 
point is equal to the square of the number of ele-
ments in the folded dipole. Thus, the example of 
Fig. 18-2 has a feed-point impedance of 4 X 72, 
or approximately 288 ohms, making it a good 
match to 300-ohm line. A 3-wire dipole steps the 
impedance up 9 times. 

Greater step-up can be obtained by making the 
fed portion of the dipole smaller in diameter than 
the solid portion. The spacing of the conductors 
affects the step-up in this case. Conductor ratios 
and spacings can be derived from the folded-
dipole monogram in the transmission lines chap-
ter. This principle is applied in the 4-element 
array of Fig. 18-6. 

The Gamma Match 

A simple device for feeding parasitic arrays 
with a single coaxial line is shown in Fig. 18-3. 
Known as the gamma match, it is a modification 
of the " T" system for unbalanced lines, well 
adapted to feeding arrays of all-metal construc-
tion. With the latter, the outer conductor of the 
coaxial line may be grounded to the metal boom, 
or to the center of the driven element. The inner 
conductor is then connected to a matching sec-
tion, usually provided with a sliding clip for 
varying the point of connection to the driven ele-
ment. The effectiveness of the system is improved 
if a condenser is connected in series with the 
gamma section, to tune out its reactance, as 
shown in Fig. 18-3. This should be mounted in a 
weatherproof box, which may be of metal and 
attached to the boom, or to the center of the 
driven element. A standing-wave bridge should be 
connected in the coaxial line, and the point of 
connection between the driven element and the 
matching section varied, readjusting the series 
condenser each time until minimum s.w.r. is ob-

D 

Fig. 18-3 18-3— Schematic version of the gamma match. 
Values for C and D are given in the text. 
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tamed. The distance out from the center of the 
driven element will be about 10 inches for 50 Mc. 
and 4 inches for 144. The maximum capacitance 

so or 70 
Ohms in 

wo to soo 
Ci Ohms out 

Fig. 18-4 — Antenna coupler for feeding a balanced load 
with coaxial line. The circuit 1.2-Ci must resonate at the 
operating frequency. 

required at C will be about 75 and 25 gad. 
respectively. The r.f. voltage is low at this point 
so a receiving-type variable condenser may be 

used. 

The Bailin 

Balanced loads such as are presented by a split 
dipole or folded dipole can be fed properly with 
coaxial line only if some form of balanced-to-
unbalanced coupler (often called balun) is used at 
the feed point. Details of the various types of 
baluns may be found in the transmission lines 
chapter. One of these provides a 4-to-1 impedance 
step-up in addition to conversion from unbal-
anced line to balanced load. 
The conversion may also be accomplished 

with a balanced circuit, link coupled to the 
coaxial line, as in Fig. 18-4. The balanced load is 
tapped onto the tuned circuit at the proper im-
pedance points, in this case. Such a circuit can be 
in the array itself, or at any point between the 
transmitter and the antenna where such a con-

version is convenient. 

CHAPTER 18 

The "Q" Section 

A quarter-wavelength of line known as a " Q" 
section may be used to match a low center im-
pedance to a higher value of line impedance, as 
described in the transmission lines chapter. This 
may take the form of two pieces of tubing, AI to 

inch in diameter, mounted so that their center-
to-center spacing can be varied to achieve an 
impedance match between the antenna and the 
line, where the antenna impedance is not pre-
cisely known in advance. Lower values of " Q" 
section impedance than are available with tubing 
sizes can be made from lengths of insulated wire, 
or even coaxial line. The length of the " Q" sec-
tion will take into account the propagation factor 

Fig. 18-5 — Collinear 
array for 144 Mc. 
made of TV ground 
wire mounted on a 
1 2-inch rug pole. 

• 

Fig. 18-6 — Dimensional drawing of a 4-element 50-Mc. 
array. Element length and spacing were derived ex-
perimentally for maximum forward gain at 50.5 Mc. 

of the line, where such insulating materials are 

used. 
In some installations it may be convenient to 

use " Q" sections longer than a single quarter 
wavelength, in which case any odd multiple of a 
quarter wavelength may be employed. The exact 
length for any such section may be determined by 
coupling the line to a source of r.f. energy of the 
proper frequency and trimming the line for maxi-

TABLE 18-I 
Dimensions for V.H.F. Arrays, in Inches 

Freq. (Mc.) 144 

Driven 
Element 

Reflector 

1st 
Director 

2nd 
Director 

Phasing 
Section* 

0.25 
av elength 

0.2 
Wavelength 

0.15 
Wavelength 

110 

116 

105 

103 

114 

57 

46 

34 

38 

40 

220 

24% 

26Y8 

36 

35% 

23% 

23% 

39 1A 

1.9 SA 

153% 

11% 

25% 

13 

10% 

420 

12% 

13% 

12/, 

12 

13 1% 

5% 

4 

*Open-wire line only. 
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mum loading. Such a " Q" section is often used as 
the flexible portion of a line feeding a rotatable 
array, to make connection from the array to a 
fixed transmission line anchor point at the top of 
the supporting tower. 
Where it is desirable to repeat the antenna 

impedance at the anchor point, a section of flexi-
ble line any multiple of a half wavelength may be 
used. 

• ANTENNA SYSTEMS FOR 
50 AND 144 MC. 

The designing of v.h.f, array is both a mechani-
cal and electrical problem. The electrical princi-
ples are basic, but a very wide range of mechani-
cal ideas may be used, and the form that an array 
will take is usually dictated by the materials that 
are available. Most v.h.f. arrays can be built to 
formula dimensions given in Table 18-I. The 
driven element is usually cut from the formula: 

Length (in inches) 
5540 

Freq. (Mc.) 

Reflector elements are usually 5 per cent longer 
than the driven element. Directors are 5 per cent 
shorter, for the one nearest the driven element, 
and 6 per cent shorter for the next. 

Fig. 18-7 — Detail drawing of inserts which may be 
used in the ends of the elements of a parasitic array to 
permit accurate adjustment of element length. 

Parasitic element spacing from the driven ele-
ment is usually 0.15 to 0.25 wavelength for a 
reflector, and 0.2 or more for directors. The closer 
the elements are spaced, the lower will be the feed 
impedance of the driven element. Close-spaced 
arrays are generally more difficult to tune up 
properly, and the frequency range over which 
they work is sharper, so they are seldom used in 
vhf, work. 

Elements for 50 Mc. are usually to 1 inch in 
diameter; 144-Mc. elements Wt to inch; 220-
and 420- Mc. elements 34.: to 3A  inch. 

A Collinear Array for 144 Mc. 

Where some gain over a dipole is needed, yet 
directivity is undesirable, several half-wave ele-
ments may be mounted vertically and fed in 
phase, as shown in Fig. 18-5. The photograph 
shows three half-wave elements, but five may be 
used in a similar way. The center element is fed 
at its midpoint, either directly with 300-ohm 
Twin-Lead, or through a " Q" section. The two 
end elements are kept in phase with the center 
one by folded half-wave sections. 
The array of Fig. 18-5 is built on a 1%-inch 

Fig. 18-8 — A 16-element array for 141 Me. using the 
all-metal construction methods outlined in Figs. 18-11 
to 18-13. rl'he 4-element array for 50 Mc. below is also 
all-metal design. 

wooden rug pole, using aluminum TV ground 
wire for the elements and phasing sections. In-
expensive TV screw-eye insulators are used to 
support the elements, with the exception of the 
supports at the element ends. At these points 
better insulation is desirable, so ceramic pillars 
are used. 
Two 117-inch pieces of wire or tubing are 

needed. The end elements are 38 inches long, the 
folded sections 40 inches over all, and the quarter-
wave portions of the middle dipole are 19 inches. 
The "Q" section, if used, is 20 inches long. The 
phasing and "Q" sections are bent around into 
loops, as shown in the photograph. If the array is 
fed with 300-ohm line the " Q" section may be 
omitted without serious mismatch. With open-
wire line, a "Q" section made of the element 
material, spaced about one inch, gives a good 
match. The spacing may be adjusted for mini-
mum s.w.r. 

A 4-Element Array for SO Mc. 

The array of Fig. 18-6 uses dimensions derived 
for maximum gain at 50.5 Mc. It will work well 
over the range from the low end of the band to 
nearly 52 Mc. If wider frequency response is de-
sired, the driven element should be cut to the 
formula given above for the desired center fre-
quency, and the reflector made slightly longer 
and the directors somewhat shorter than the di-
mensions given. The driven element is a folded 
dipole of nonuniform conductor size, stepping up 
the impedance so that the array can be fed with 
300-ohm line. A 3-element array of similar di-
mensions could be matched with a 3-to-1 con-
ductor ratio, instead of 4-to-1. The boom may be 
of metal or wood. The 50-Mc, array shown in 
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Fig. 18-9— Schematic drawing of a 16-element array. 
A variable "Q" section may be inserted at the feed point 
if accurate matching is desired. Reflector spacing is 0.2 
wavelength. 

Fig. 18-8 uses 0.15-wavelength spacing for the 
reflector and 0.2 for the directors, resulting in 
slightly less gain than the wider spacing, but al-
lowing considerably more compact construction. 
Most v.h.f, arrays are erected to formula di-

mensions, but if the builder wishes to do so he 
may tune the array for optimum front-to-back 
ratio or forward gain. Adjustable inserts for tub-
ing elements may be made by cutting short sec-
tions of the element stock lengthwise and insert-
ing these extensions in the ends of the elements 
as shown in Fig. 18-7. 

Stacking Parasitic Arrays 

The radiation angle of a v.h.f. antenna system 
can be lowered and worthwhile gain obtained by 
stacking two parasitic arrays one above the other 
and feeding them in phase. The horizontal pattern 
of a vertically polarized array may be sharpened 
and gain added by mounting two arrays side by 
side and phasing them in the same way. The 
physical spacing between the two arrays is usu-
ally 5/3 or 1 wavelength, depending on the 
phasing method used. Stacked arrays are usually 
fed at the center of the system to insure uniform 
current distribution between the driven elements. 

In stacking 50-Mc. arrays the phasing line is 
usually 0.5 wavelength long. If the two arrays 
were set up originally for 300-ohm feed when used 
separately, the phasing line, which serves as a 
double "Q" section, should have an impedance of 
about 380 ohms, if the main transmission line is 
to be 300 ohms. No. 12 wires spaced one inch 
apart make a convenient phasing line. The gain of 

two arrays stacked 0.5 wavelength apart is ap-
proximately 4 db. over that of a single array. 

Slightly more gain can be obtained by increas-
ing the spacing to N wavelength. A phasing line 
for this spacing may be made of two pieces of 
coaxial line, with the outer conductors connected 
together and grounded, if desired. Because of the 
propagation factor of the coaxial line, such a 
phasing section is electrically a full wavelength 
long. The impedance at the midpoint between 
the two arrays is approximately half that of one 
array alone. 

For 144 Mc. and higher, where the dimensions 
are within practical limits, the spacing between 
two stacked arrays may be increased to a full 
wavelength. This wide spacing is recommended 
only for arrays having three or more elements, 
and is most commonly used with 5-element 
arrays. The phasing line may be open wire, of 
any convenient wire size and spacing, and the 
impedance at the midpoint between the two ar-
rays will be half that of one array alone. A "Q" 
section at the feed point is a convenient method 
of matching such a " 5-over-5" array. Its dimen-
sions will depend on the type of dipoles used in 
the individual arrays. 

Phased Arrays 

Superior performance is obtainable on 144 Mc. 
and higher by using curtains of 4, 6, 8 or more 
driven half-wave elements, arranged in pairs fed 
in phase, and backed up by reflectors. Figs. 18-8 
and 18-9 show a 16-element array, while 18-10 is a 
12-element array of similar design. The gains are 
about 14 db. for the 16-element and 12 db. for 
the 12-element. They may be used for either 
horizontal or vertical polarization. The pattern 
of the 12-element is similar in both planes. 
The elements used in the 16-element array 

shown in the photograph are 3.-inch diameter 
dural, mounted in the manner shown in Figs. 
18-11 and 18-12. The entire structure is of metal; 
the supports being at the low-voltage point of the 
elements, no insulation is required. The support-
ing structure for a 12-element array of similar 

300-0bel Ilrle 

Fig. 18-10 — Element arrangement and feed system of 
the 12-element array. Reflectors are spaced 0.15 wave-
length behind the driven elements. 
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design is shown in detail in Fig. 18-12, with the 
clamps for holding the array together made as 
shown in Fig. 18-13. 

Element lengths and spacings are not particu-
larly critical in arrays having many driven ele-
ments, and careful adjustment is not required for 
good results. The frequency response of these 
systems is broader than is the case in arrays where-
the gain is built up by the use of directors as well 
as reflectors. Either the 12- or 16-element array 

Fig. 18-11— Model slims ing the method of assembling 
for atrmetal construction of phased arrays. Dimensions 
of clamps are given in Fig. 18-13. 

may be fed with 300-ohm line connected at the 
center of the system, as shown in the sketches. 
The reflectors in the 12-element array are spaced 
only 0.15 wavelength in back of the driven ele-
ments, in order to bring the feed impedance down 
to roughly 300 ohms. In the 16-element array 
0.2-wavelength spacing is used for the reflectors, 
and even so, the feed impedance may be some-
what lower than 300 ohms. If a long feedline is 
necessary it may be desirable to insert a variable 
"Q" section at the feed point, in order to insure 
accurate matching for minimum s.w.r. In the 
16-element array shown in the photograph, a 
"Q" section having an odd number of quarter-
wavelengths of 300-ohm Twin-Lead is used to 
match the center impedance of around 200 ohms 
to the 450-ohm open wire line used for a 100-foot 
run to the operating position. 

In all-metal construction it is important that 
the supporting structure be entirely in back of the 
reflector plane. This can be done readily by using 
the clamp method of assembly detailed in Figs. 
18-11, 18-12 and 18-13. Dimensions given in 
Fig. 18-13 are for use with the tubing sizes given 
in Fig. 18-12. Suitable dimensions for other com-
binations can be worked out readily by making 
experimental clips from soft sheet copper, and 
using these for templates in making the clips to be 
used in the final assembly. When the array is 
completely assembled the screws holding it to-
gether should be drawn up as tightly as possible 
and then coated with durable lacquer or paint to 
prevent corrosion. 
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Long- Wire Antennas 

Where long-wire systems designed for use 
on lower frequencies are available they may 
often be used on the v.h.f. bands with good 
results, particularly if the feed lines are not too 
long. " V" and rhombic antenna systems de-
signed expressly for the v.h.f. bands are small 
enough in size to be used in many locations 
where similar arrays for lower frequencies would 
be out of the question. The polarization of long-
wire systems is normally horizontal, but in loca-
tions where they have a downward slope they 
may also have a considerable vertical component. 
Their polarization discrimination is seldom as 
sharp as that of systems using half-wave elements. 

Information on the various types of long-
wire arrays will be found in an earlier chapter. At 
144 Mc. and higher it is relatively easy to stack 
two or more " V" or rhombic arrays a half wave 
apart. This improves their performance con-
siderably, but makes them essentially one-band 
devices. 

Matching devices that permit feeding long-
wire antenna systems with flat lines also intro-
duce one-band limitation, so their use is not 
advisable except in the case of 50 and 144 Mc., 
two bands that are close to third-harmonic re-
lationship. A "Q" section that is approximately 
three quarter-wavelengths long at 144 Mc. is 
one quarter-wavelength long at 50 Mc., so if the 
feed impedance of the antenna system is the 
same for both frequencies a "Q" section about 

Fig. 18-12— Supporting framework for a 12-element 
144-Mc, array of all-metal design. Dimensions are as 
follows: element supports (1) e4 by 16 inches; horizontal 
members (2) by 46 inches: vertical members (3) 

by 86 inches; vertical support (4)134inch diameter, 
length as required; reflector-to-driven-element spacing 
12 inches. Parts not shown in sketch: driven elements 
Vi by 38 inches; reflectors % by 40 inches; phasing 
lines No. 18 spaced 1 inch, 80 inches long, fanned out 
to 3% inches at driven elements (transpose each half-
wave section). 
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Bend on radius R 

B=1" 

C=1" 

Fig. 18.1:1- Detail drawings of the clamps used to as-
semble the all-metal 2-meter array. A, B and C are 
before bending into shape. The right-angle bends 
should he made first, along the dotted lines as shown, 
then the plates may be bent around a piece of pipe of 
the proper diameter. Sheet stock should be M6-inch or 
heavier aluminum. 

58 inches long may be used for both bands. In 
the case of a rhombic terminated in 800 ohms 
and fed with 300-ohm line, the matching sec-
tion should have an impedance of about 500 
ohms. 

• ARRAYS FOR 220 AND 420 MC. 
The use of high-gain antenna systems is almost 

a necessity if work is to be done over any great 
distance on 220 and 420 Mc. Experimentation 
with antenna arrays for these frequencies is 
fascinating indeed, as their size is so small as to 
permit trying various element arrangements and 
feed systems with ease. Arrays for 420 Mc., par-
ticularly, are convenient for investigation and 
demonstration of antenna principles, as even 
high-gain systems may be of table-top propor-
tions. 
Any of the arrays described previously may be 

used on these bands, but those having large num-
bers of driven elements in phase are more readily 
adjusted for maximum effectiveness. The 
and 16-element arrays of Figs. 18-9 and 18-10 are 
well adapted to use on 220 or 420. Suitable di-
mensions may be found in Table 18-1. 
A 16-element array for 220 Mc. and a 24-

element array for 420 Mc. are shown mounted 
back-to-back in Fig. 18-14. The 220-Mc, portion 
follows the 16-element design already described. 
It is fed at the center of the system with 300-ohm 
tubular Twin-Lead, matched to the center im-
pedance of the array through a " Q" section of 
%6-inch tubing, spaced about 1 inches center to 
center. This spacing was adjusted for minimum 
standing-wave ratio on the line. 

Elements in the array shown are of ¡a-inch 
aluminum fuel-line tubing, which is very light in 
weight and easily worked. The supporting struc-
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turc is dural tubing, using the clamp assembly 
methods of Fig. 18-12. 
The 420-Mc. array uses two 12-element as-

semblies similar to Fig. 18-10, mounted one above 
the other, about one half wavelength separating 
the bottom of one from the top of the other. The 
two sets of phasing lines are joined by means of 
one-wavelength sections of Twin-Lead at the 
middle of the array. This junction, which has an 
impedance of around 150 ohms, is fed with 300-
ohm tubular Twin-Lead through an adjustable 
"Q" section. 

Elements in the 420-Mc. array are cut from 
thin-walled t-inch tubing. Their supports are 
the 7A6-inch stock used for the 220-Mc. elements. 
Slots were cut in the ends of these supports to take 
the elements, and a 4/40 screw was run through 
both pieces and drawn up tightly with a nut. The 
horizontal supports were fastened in holes drilled 
in the vertical members, and were also held in 
place with a 6/32 screw and nut. The small size 
and light weight of the 420-Mc, array did not re-
quire the use of clamps to make a strong assem-
bly. 
The two one-wavelength sections of 300-ohm 

line are 21% inches long, taking the propagation 
factor into account. The "Q" section may be of 
any convenient size of tubing, WI. to inch 
diameter. It should be made adjustable, as 
matching is important at this frequency. Diimen-
sions for both arrays can be taken from able 
18-I. 

Plane-Reflector Arrays 

At 220 Me. and higher, where their dimensions 
become practicable, plane-reflector arrays are 
widely used. Except as it affects the impedance 
of the system, as shown in Fig. 18-15, the spacing 
between the driven elements and the reflecting 
plane is not particularly critical. Maximum gain 
occurs around 0.1 to 0.15 wavelength, which is 
also the region of lowest impedance. Highest 
impedance appears at about 0.3 wavelength. A 
plane reflector spaced 0.22 wavelength in back of 
the driven elements has no effect on their feed 
impedance. As the gain of a plane-reflector 
array is nearly constant at spacings from 0.1 
to 0.25 wavelength, it may be seen that the 
spacing may be varied to achieve an impedance 
match. 
An advantage of the plane reflector is that it 

may be used with two driven element systems, 
one on each side of the plane, providing for two-
band operation, or the incorporation of horizontal 
and vertical polarization in a single structure. 
The gain of a plane-reflector array is slightly 
higher than that of a similar number of driven 
elements backed up by parasitie reflectors. It also 
has a broader frequency response and higher 
front-to-back ratio. To achieve these ends, the 
reflecting plane must be larger than the area of 
the driven elements, extending at least a quarter 
wavelength on all sides. Chicken wire on a wood 
or metal frame makes a good plane reflector. 
Closely-spaced wires or rods may be substituted, 
with the spacing between them running up to 0.1 
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Fig. 18-14 — A 24-element array for 420 Mc. and a 16. 
element for 220 mounted hack-to-back on a single 
support. 

wavelength without appreciable reduction in 
effectiveness. 

Corner Reflectors 

In the corner reflector two plane surfaces are 
set at an angle, usually between 45 and 90 de-
grees, with the antenna on a line bisecting this 
angle. Maximum gain is obtained with the an-
tenna 0.5 wavelength from the vertex, but com-
promise designs can be built with closer spacings. 
There is no focal point, as would be the ease for a 

Fig. 18-15 — Feed impedance of the 
driven element in a corner-reflector 
array for corner angles of 180 (flat 
-lee°, 90, 60 and 45 degrees. " I)" is 
the dipole-to-vertex spacing. 
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parabolic reflector. Corner angles greater than 90 
degrees can be used at some sacrifice in gain. At 
less than 90 degrees the gain increases, but the 
size of the reflecting sheets must be increased to 
realize this gain. 
At a spacing of 0.5 wavelength from the vertex, 

the impedance of the driven element is approxi-
mately twice that of the same dipole in free space. 
The impedance decreases with smaller spacings 
and corner angles, as shown in Fig. 18-15. The 
gain of a corner-reflector array with a 90-degree 
angle, 0.5 wavelength spacing and sides 1 wave-
length long is approximately 10 db. Principal 
advantages of the corner reflector are broad fre-
quency response and high front-to-back ratio. 

• MISCELLANEOUS ANTENNA 
SYSTEMS 

Coaxial Antennas 

With the "J" antenna, radiation from the 
matching section and the transmission line 
tends to combine with the radiation from the 
antenna in such a way as to raise the angle of 
radiation. At v.h.f. the lowest possible radia-
tion angle is essential, and the coaxial antenna 
shown in Fig. 18-16 was developed to eliminate 
feeder radiation. The center conductor of a 
70-ohm concentric transmission line is extended 
one-quarter wave beyond the end of the line, to 
act as the upper half of a half-wave antenna. The 
lower half is provided by the quarter-wave sleeve, 
the upper end of which is connected to the outer 
conductor of the concentric line. The sleeve acts 
as a shield about the transmission line and very 
little current is induced on the outside of the line 
by the antenna field. The line is non-resonant, 
since its characteristic impedance is the same as 
the center impedance of the half-wave antenna. 
The sleeve may be made of copper or brass tub-
ing of suitable diameter to clear the transmission 
line. The coaxial antenna is somewhat difficult to 
t•onstruct, but is superior to simpler systems in its 
performance at low radiation angles. 
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Fig. 18-16— Coaxial 
antenna. The insulated 
inner conductor of the 
70-ohm concentric line 
is connected to the 
quarter-wave metal 
rod which forms the 
upper half of the an-
tenna. 

Broadband Antennas 

Certain types of antennas used in television 
are of interest because they work across a wide 
band of frequencies with relatively uniform 
response. At very-high frequencies an antenna 
made of small wire is purely resistive only over 
a very small frequency range. Its Q, and there-
fore its selectivity, is sufficient to limit is op-
timum performance to a narrow frequency range, 
and readjustment of the length or tuning is re-
quired for each narrow slice of the spectrum. 
With tuned transmission lines, the effective 
length of the antenna can be shifted by retuning 
the whole system. However, in the case of an-
tennas fed by matched-impedance lines, any 
appreciable frequency change requires an actual 
mechanical adjustment of the system. Otherwise, 
the resulting mismatch with the line will be 
sufficient to cause significant reduction in power 
input to the antenna. 
A properly designed and constructed wide-

band antenna, on the other hand, will exhibit 
very nearly constant input impedance over 
several megacycles. 
The simplest method of obtaining a broad-

band characteristic is the use of what is termed 
a " cylindrical" antenna. This is no more than 
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a conventional doublet in which large-diameter 
tubing is used for the elements. The use of a 
relatively large diameter-to-length ratio lowers 
the Q of the antenna, thus broadening the reso-
nance characteristic. 
As the diameter-to-length ratio is increased, 

end effects also increase, with the result that 
the antenna must be made shorter than a thin-
wire antenna resonating at the same frequency. 
The reduction factor may be as much as 20 per 
cent with the tubing sizes commonly used for 
amateur antennas at vhf. 

Cone Antennas 

From the cylindrical antenna various spe-
cialized forms of broadly-resonant radiators 
have been evolved, including the ellipsoid, 
spheroid, cone, diamond and double diamond. 
Of these, the conical antenna is perhaps the 
most interesting. With large angles of revolu-
tion, the variation in the characteristic imped-
ance with changes in frequency can be reduced 
to a very low value, making such an antenna 
suitable for extremely wide-band operation. The 
cone may be made up either of sheet metal or of 
multiple wire spines. A variation of this form of 
conical antenna is widely used in TV reception. 

Parabolic Reflectors 

A plane sheet may be formed into the shape 
of a parabolic curve and used with a driven 
radiator situated at its focus, to provide a highly-
directive antenna system. If the parabolic re-
flector is sufficiently large so that the distance 
to the focal point is a number of wavelengths, 
optical conditions are approached and the wave 
across the mouth of the reflector is a plane wave. 
However, if the reflector is of the same order of 
dimensions as the operating wavelength, or less, 
the driven radiator is appreciably coupled to the 
reflecting sheet and minor lobes occur in the pat-
tern. With an aperture of the order of 10 or 20 
wavelengths, sizes that may be practical for 
microwave work, a beam-width of approximately 
5 degrees may be achieved. 
A reflecting paraboloid must be carefully de-

signed and constructed to obtain ideal per-
formance. The antenna must be located at the 
focal point. The most desirable focal length of 
the parabola is that which places the radiator 
along the plane of the mouth; this length is 
equal to one-half the mouth radius. At other 
focal distances interference fields may deform 
the pattern or cancel a sizable portion of the 
radiation. 
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U.H.F. and Microwave 
Communication 
In moving into the microwave region the 

amateur encounters marked differences in both 
the technical approach and the uses to which his 
frequency assignments may be put. Above 1000 
Mc. we must discard most of our conventional 
circuitry and antenna ideas. Coils and con-
densers are replaced by coaxial tank circuits and 
resonant cavities. Parallel-wire transmission lines 
give way to coaxial lines or waveguide. Parasitic 
arrays are abandoned in favor of parabolic re-
flectors or horns. And in contrast to the random 
operating that has been so large a part of the 
amateur picture on our communication frequen-
cies, microwave work is principally a matter of 
point-to-point communication between two co-
operating stations. 

These basic differences have tended to raise a 
natural boundary in the region around 500 Mc., 
beyond which relatively few communicating ama-
teurs have ventured. The frequencies at the high 
end of the spectrum have a strong appeal to the 

experimenter, however, and the Technician Class 
license was developed to provide the means 
whereby this type of worker may legally engage 
in two-way communication on frequencies above 
220 Mc. 

At least some amateur work has been done in 
all the assignments now open to our use. The work 
of these pioneers in adapting the frequencies 
above 1000 Mc. to communication purposes has 
been in line with the best amateur tradition, and 
it is hoped that the bands beginning at 1215 Mc. 
will see much amateur exploration in the near 
future. The frequencies assigned to amateurs in 
the microwave region are as follows: 1215 to 
1300 Mc., 2300 to 2450 Mc., 3300 to 3500 Mc., 
5650 to 5925 Mc., 10,000 to 10,500 Mc., and 
21,000 to 22,000 Mc. Any frequency above 
30,000 Mc. may be used. Any type of emission 
may be used in any of these bands, except in the 
case of the lowest, where pulse transmission is 
prohibited. 

U.H.F. Tank Circuits 
In resonant circuits as employed ut the lower 

frequencies it is possible to consider each of the 
reactance components as a separate entity. A 
coil is used to provide the required inductance 
and a condenser is connected across it to pro-
vide the needed capacitance. The fact that the 
coil itself has a certain amount of self-capaci-
tance, as well as some resistance, while the 
condenser also possesses a small self-induct-
ance, can usually be disregarded. 

At the very-high and ultrahigh frequencies, 
however, it is no longer possible to separate 
these components. The connecting leads which, 
at lower frequencies, would serve merely to 
join the condenser to the coil now may have 
more inductance than the coil itself. The re-
quired inductance coil may be no more than a 
single turn of wire, yet even this single turn 
may have dimensions comparable to a wave-
length at the operating frequency. Thus the 
energy in the field surrounding the " coil" may 
in part be radiated. At a sufficiently high fre-
quency the loss by radiation may represent a 
major portion of the total energy in the circuit. 
Since energy which cannot be utilized as in-
tended is wasted, regardless of whether it is 
consumed as heat by the resistance of the wire 
or simply radiated into space, the effect is as 
though the resistance of the tuned circuit were 
greatly increased and its Q greatly reduced. 

For this reason, it is common practice to 
utilize resonant sections of transmission line as 
tuned circuits at frequencies above 300 Mc. A 
quarter-wavelength line, or any odd multiple 
thereof, shorted at one end and open at the 
other, exhibits large standing waves. When 
a voltage of the frequency at which such a 
line is resonant is applied to the open end, the 
response is very similar to that of a parallel 
resonant circuit; it will have very high input 
impedance at resonance and a large current 
flowing at the short-circuited end. The input 
impedance may be as high as 0.4 megohm for a 
well-constructed line. 
The action of a resonant quarter-wavelength 

line can be compared with that of a coil-and-
condenser combination whose constants have 
been adjusted to resonance at a corresponding 
frequency. Around the point of resonance, in 
fact, the line will display very nearly the same 
characteristics as those of the tuned circuit. 
The equivalent relationships are shown in Fig. 
19-1. At frequencies off resonance the line 
displays qualities comparable to the induc-
tive and capacitive reactances of the coil-and-
condenser circuit, although the exact relation-
ships involved are somewhat different. For all 
practical purposes, however, sections of reso-
nant wire or transmission line can be used in 
much the same manner as coils or condensers. 
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In circuits operating above 300 Mc., the 

spacing between conductors becomes an ap-
preciable fraction of a wavelength. To keep 
the radiation loss as small as possible the 
parallel conductors should not be spaced far-
ther apart than 10 per cent of the wavelength, 
center to center. On the other hand, the spacing 
of large-diameter conductors should not be 
reduced to much less twice the diameter be-
cause of What is known as the proximity effect, 
whereby another form of loss is introduced 
through eddy currents set up by the adjacent 
fields. Because the cancellation is no longer 
complete, radiation from an open line becomes 
so great that the Q is greatly reduced. Conse-
quently, at these frequencies coaxial lines must 
be used. 

Construction 

Practical information concerning the con-
struction of transmission lines for such specific 
uses as feeding antennas and as resonant cir-
cuits in radio transmitters will be found in this 
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Fig. 19-1 — Equivalent coupling circuits for parallel. 
line, coaxial-line and conventional resonant circuits. 
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and other chapters of this handbook. Cer-
tain basic considerations applicable in general 
to resonant lines used as circuit elements may 
be considered here, however. 

While either parallel-line or coaxial sections 
may be used, the latter are preferred for higher-
frequency operation. Representative methods 
for adjusting the length of such lines to reso-
nance are shown in Fig. 19-2. At the left, a slid-
ing shorting disk is used to reduce the effective 
length of the line by altering the position of 
the short-circuit. In the center, the same effect 
is accomplished by using a telescoping tube in 
the end of the inner conductor to vary its 
length and thereby the effective length of the 
line. At the right, two possible methods of 
mounting parallel-plate condensers, used to 
tune a " foreshortened" line to resonance, are 
illustrated. The arrangement with the loading 
capacitor at the open end of the line has the 
greatest tuning effect per unit of capacitance; 
the alternative method, which is equivalent to 
"tapping" the condenser down on the line, has 
less effect on the Q of the circuit. Lines with 
capacitive " loading" of the sort illustrated will 
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be shorter, physically, than an unloaded line 
resonant at the same frequency. 
The short-circuiting disk at the end of the 

line must be designed to make perfect electrical 
contact. The voltage is a minimum at this end 
of the line; therefore, it will not break down 
some of the thinnest insulating films. Usually a 
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Fig. 19-2 — Methods of tuni ig ...axial resonant lines. 

soldered connection or a tight clamp is used to 
secure good contact. When the length of line 
must be readily adjustable, the shorting plug is 
provided with spring collars which make con-
tact on the inner and outer conductors at some 
distance away from the shorting plug at a 
point where the voltage is sufficient to break 
down the film between the collar and conductor. 
Two methods of tuning parallel-conductor 

lines are shown in Fig. 19-3. The sliding short-
circuiting strap can be tightened by means of 
screws and nuts to make good electrical con-
tact. The parallel-plate condenser in the second 
drawing may be placed anywhere along the 
line, the tuning effect becoming less as the 
condenser is located nearer the shorted end 
of the line. Although a low-capacitance varia-
ble condenser of ordinary construction can be 
used, the circular-plate type shown is symmet-
rical and thus does not unbalance the line. It 
also has the further advantage that no insulat-
ing ma 1 ' rial is required. 

Fig. 19-3 — Methods 
of tuning parallel-
type resonant lines. 

Equivalent impedance points, for coupling or 
impedance-t ransformation purposes, are shown 
in Fig. 19-1 for parallel-line, coaxial-line, and 
conventional coil-and-condenser circuits. 

Lumped-Constant Circuits 

At the very-high frequencies the low values 
of L and C required make ordinary coils and 
condensers impracticable, while linear circuits 
offer mechanical difficulties in making tuning 
adjustments over a wide frequency range, and 
radiation from unshielded lines may reduce 
their effectiveness materially. 
To overcome these difficulties, special high-Q 
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lumped-constant circuits have been developed 
in which connections from the " condenser" to 
the " coil" are an inherent part of the structure. 
Integral design minimizes both resistance and 
inductance and increases the CIL ratio. 
The simplest of these circuits is based on the 

use of disks combining half-turn inductance 
loops with semicircular condenser plates. By 
connecting several of these half-turn coils in 
parallel, the effective inductance is reduced to 
a value appreciably below that for a single 
turn. Tuning is accomplished by interleaving 
grounded rotor plates between the turns. Both 
by shielding action and short-circuited-turn 
effect, these further reduce the inductance. 

Another type of high-C circuit is a single-
turn toroid, commonly termed the " hat" res-
onator. Two copper shells with wide, flat 
"brims" are mounted facing each other on an 
axially-aligned copper rod. The capacitance in 
the circuit is that between the wide shells, while 
the central rod comprises the inductance. 

"Butterfly" Circuits 

The tank circuits described in the preceding 
section are primarily fixed-frequency devices. 
The " butterfly" circuits shown in Fig. 19-4 are 
capable of being tuned over an exceptionally 
wide range, while still having high Q and rea-
sonable physical dimensions. The circuit at A 
is derived from a conventional balanced-type 
variable condenser. The inductance is in the 
wide circular band connecting the stator plates. 
At its minimum setting the rotor plate fills the 
opening of the loop, reducing the inductance to 
a minimum. Connections are made to points 1 
and 2. This basic structure eliminates all con-
necting leads and avoids all sliding or wiping 
electrical contacts to a rotating member. A dis-
advantage is that the electrical midpoint shifts 
from point 3 to point 3' as the rotor is turned. 
Constant magnetic coupling may be obtained 
by a coupling loop located at point 4, however. 

In the modification shown at D, two sectoral 
stators are spaced 180 degrees, thereby achiev-

Wave Guides and 
A wave guide is a conducting tube through 

which energy is transmitted in the form of elec-
tromagnetic waves. The tube is not considered 
as carrying a current in the same sense that the 
wires of a 1 wo-conductor line do, but rather as 
a boundary which confines the waves to the 
enclosed space. Skin effect prevents any elec-
tromagnetic effects from being evident outside 
the guide. The energy is injected at one end, 
either through capacitive or inductive coupling 
or by radiation, and received at the other 
end. The wave guide t lien merely confines the 
energy of the fields, which are propagated 
through it to the receiving end by means of 
reflections against its inner walls. 
The difficulty of visualizing energy transfer 

without the usual closed circuit can be relieved 
somewhat by considering the guide as being 
evolved from an ordinary two-conductor line. 

(D) 

(B) (c) 

(E) 

Fig. 19-4 —"Butterfly" tank circuits for v.h.f., showing 
front and cross-section views and the equivalent circuit. 

ing the electrical symmetry required to permit 
tapping for balanced operation. Connections 
to the circuit should be made at points 1 and 2 
and it may be tapped at points 3 and 3', which 
are the electrical midpoints. Where magnetic 
coupling is employed, points 4 and 4' are suit-
able locations for coupling links. 
The capacitance of any butterfly circuit may 

be computed by the standard formula for 
parallel-plate condensers given in the data chapter. 
The maximum inductance can be obtained ap-
proximately by finding the inductance of a 
full ring of the same diameter and multiplying 
the result by a factor of 0.17. The ratio of min-
imum to maximum inductance varies between 
1.5 and 4 with conventional construction. 
Any number of butterfly sections may be con-

nected in parallel. In practice, units of four to 
eight plates prove most satisfactory. The ring 
and stator sections may either be made in a 
single piece or with separate sectoral stator 
plates and spacing rings assembled with ma-
chine screws. 

Cavity Resonators 
In Fig. 19-5A, several closed quarter-wave 

stubs are shown connected in parallel across a 
two-wire transmission line. Since the open end 
of each stub is equivalent to an open circuit, the 
line impedance is not affected by their presence. 
Enough stubs may be added to form a " U"-
shaped rectangular tube with solid walls, as at 
B, and another identical " U "-shaped tube may 
be added edge-to-edge to form the rectangular 
pipe shown in Fig. 19-5C. As before, the line 
impedance still will not be affected. But now, 
instead of a t wo-wire transmission line, the 
energy is being conducted within a hollow 
rectangular tube. 

This analogy to wave-guide operation is not 
exact, and therefore should not be taken too 
literally. In the evolution from the two-wire 
line to the closed tube the electric- and mag-
netic-field configurations undergo considerable 
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(A) (B) 
Fig. 19-5 — Evolution of a wave guide from a two-wire transmission line. 

change, with the result that the guide does not 
actually operate like a two-conductor line 
shunted by an infinite number of quarter-wave 
stubs. If it did, only waves of the proper length 
to correspond to the stubs would be propa-
gated through the tube, but the fact is that 
such waves do not pass through the guide. 
Only waves of shorter length — that is, higher 
frequency — can go through. The distance x 
represents half the cut-off wavelength, or the 
shortest wavelength that is unable to go 
through the guide. Or, to put it another way, 
waves of length equal to or greater than 2x 
cannot be propagated in the guide. 
A second point of difference is that the ap-

parent length of a wave along the direction of 
propagation through a guide always is greater 
than that of a wave of the same frequency in 
free space, whereas the wavelength along a 
two-conductor transmission line is the same as 
the free-space wavelength (when the insula-
tion between the wires is air). 

Operating Principles of Wave Guides 

Analysis of wave-guide operation is based on 
the assumption that the guide material is a 
perfect conductor of electricity. Typical dis-
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Fig. 19-6 — Field distribution in a rectangular wave 
guide. The TEho mode of propagation is depicted. 
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tributions of electric and mag-
netic fields in a rectangular 
guide are shown in Fig. 19-6. 
It will be observed that the 
intensity of the electric field 
is greatest at the center along 
the x dimension, diminishing 
to zero at the end walls. The 
latter is a necessary condition, 
since the existence of any elec-

tric field parallel to the walls at the surface would 
cause an infinite current to flow in a perfect con-
ductor. This represents an impossible situation. 

Zero electric field at the end walls will result 
if the wave is considered to consist of two sepa-
rate waves moving in zigzag fashion down the 
guide, reflected back and forth from the end 
walls as shown in Fig. 19-7. Just at the walls, 
the positive crest of one wave meets the nega-
tive crest of the other, giving complete can-
cellation of the electric fields. The angle of 

POSITIVE CREST 

NEGATIVE CREST 

(A) 

  (B) 
y 

Fig. 19-7 — Reflection of two component waves in a 
rectangular guide. X = wavelength in spare, Xg = wave-
length in guide. Direction of wave motion is perpendicu-
lar to the wave front (crests) as shown by the arrows. 

reflection at which this cancellation occurs de-
pends upon the width z of the guide and the 
length of the waves; Fig. 19-7A illustrates 
the case of a wave considerably shorter than 
the cut-off wavelength, while B shows a longer 
wave. When the wavelength equals the cut-off 
value, the two waves simply bounce back and 
forth between the walls and no energy is trans-
mitted through the guide. 
The two waves travel with the speed of light, 

but since they do not travel in a straight line 
the energy does not travel through the guide as 
rapidly as it does in space. A further conse-
quence of the repeated reflections is that the 
points of maximum intensity or wave crests 
are separated more along the line of propaga-
tion in the guide than they are in the two sepa-
rate waves. In other words, the wavelength in 
the guide is greater than the free-space wave-
length. This is also shown in Fig. 19-7. 

Modes of Propagation 

Fig. 19-6 represents a relatively simple dis-
tribution of the electric and magnetic fields. 
There is in general an infinite number of ways 
in which the fields can arrange themselves in a 
guide so long as there is no upper limit to the 
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frequency to be transmitted. Each field config-
uration is called a mode. All modes may be 
separated into two general groups. One group, 
designated TM (transverse magnetic), has the 
magnetic field entirely transverse to the direc-
tion of propagation, but has a component of 
electric field in that direction. The other type, 
designated TE (transverse electric) has the elec-
tric field entirely transverse, but has a com-
ponent of magnetic field in the direction of 
propagation. TM waves are sometimes called 
E waves, and TE waves are sometimes called 
II waves, but the TM and TE designations are 
preferred. 
The particular mode of transmission is 

identified by the group letters followed by two 
subscript numerals; for example, TEim, 
7'Mi.t, etc. The number of possible modes in-
creases with frequency for a given size of guide. 
There is only one possible mode (called the 
dominant mode) for the lowest frequency that 
can be transmitted. The dominant mode is the 
one generally used in practical work. 

Wave-Guide Dimensions 

In the rectangular guide the critical dimen-
sion is x in Fig. 19-5; this dimension must be 
more than one-half wavelength at the lowest 
frequency to be transmitted. In practice, the y 
dimension usually is made about equal to 
to avoid the possibility of operation at other 
than the dominant mode. 

Other cross-sectional shapes than the rec-
tangle can be used, the most important being 
the circular pipe. Much the same considera-
tions apply as in the rectangular case. 

Wavelength formulas for rectangular and 
circular guides are given in the following table, 
where x is the width of a rectangular guide and 
r is the radius of a circular guide. All figures 
are in terms of the dominant mode. 

Rectangular Circular 
Cut-off wavelength  2x 3.41r 
Longest wavelength trans-

mitted with little atten-
uation  1.6s 3.2, 

Shortest wavelength before 
next mode becomes pos-
sible  1.1x 2.8r 

Cavity Resonators 

At low and medium radio frequencies reso-
nant circuits usually are composed of " lumped" 
constants of L and C; that is, the inductance is 
concentrated in a coil and the capacitance con-
centrated in a condenser. However, as the fre-
quency is increased, coils and condensers must 
be reduced to impracticably small physical 
dimensions. Up to a certain point this difficulty 
may be overcome by using linear circuits but 
even these fail at extremely high frequencies. 
Another kind of circuit particularly applicable 
at wavelengths of the order of centimeters is 
the cavity resonator, which may be looked upon 
as a section of a wave guide with the dimensions 
chosen so that waves of a given length can be 
maintained inside. 

The derivation of one type of cavity resona-
tor from an ordinary LC circuit is shown in 
Fig. 19-8. As in the case of the wave-guide 
derivation, this picture must be accepted with 
some reservations, and for the same reasons. 

Considering that even a straight piece of wire 
has appreciable inductance at very-high fre-
quencies, it may be seen in Fig. 19-8A and 13 
that a direct short across a two-plate con-
denser with air dielectric is the equivalent of a 
tuned circuit with a typical coiled inductance. 
With two wires between the plates, as shown 
in Fig. 19-8C, the circuit may be thought of 

C 
I. (A) 

(c) c 

(3) 

-L (D) 

Fig. 19-8 — Steps in the derivation of a cavity resona-
tor from a conventional coil-and-condenser tuned circuit. 

as a resonant-line section. For d.c. or even low 
frequency r.f., this line would appear as a short 
across the two condenser plates. At the ultra-
high frequencies, however, such a section of 
line a quarter wavelength long would appear as 
an open circuit when viewed from one of the 
plates with respect to the other end of the 
section. 

Increasing the number of parallel wires be-
tween the plates of the condenser would have 
no effect on the equivalent circuit, as shown at 
D. Eventually, the closed figure at E will be 
developed. Since each wire which is added in D 
is like connecting inductances in parallel, the 
total inductance across the condenser becomes 
increasingly smaller as the solid form is ap-
proached, and the resonant frequency of the 
figure therefore becomes higher. 

lf energy now is introduced into the cavity 
in a manner such as that shown at F, the circuit 
will respond like any equivalent coil-condenser 
tank circuit at its resonant frequency. A cavity 
resonator may therefore be used as a u.h.f. tun-
ing element, along with a vacuum tube of suit-
able design, to form the main components of 
an oscillator circuit which will be capable of 
functioning at frequencies considerably beyond 
the maximum limits possible when conven-
tional tubes, coils and condensers are employed. 

Other shapes than the cylinder may be used 
as resonators, among them the rectangular 
box, the sphere, and the sphere with re-entrant 
cones, as shown in Fig. 19-9. The resonant fre-
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SQUARE PRISM 

SPHERE 

quency depends upon the dimensions of the 
cavity and the mode of oscillation of the waves 
(comparable to the transmission modes in a 
wave guide). For the lowest modes the reso-
nant wavelengths are as follows: 

Cylinder  2.61r 
Square box  1.411 
Sphere  2.28r 
Sphere with re-entrant cones  4r 

The resonant wavelengths of the cylinder 
and square box are independent of the height 
when the height is less than a half-wavelength. 
In other modes of oscillation the height must 
be a multiple of a half-wavelength as measured 
inside the cavity. Fig. 19-8F shows how a 
cylindrical cavity can be tuned when operating 
in such a mode. Other tuning methods include 
placing adjustable tuning paddles or " slugs" 
inside the cavity so that the standing-wave 
pattern of the electric and magnetic fields can 
be varied. 

CYLINDER 

SPHERE WITH 
REENTRANT CONES 

Fig. 19-9 — Forms of cavity resonators. 

A form of cavity resonator in wide practical 
use iithe re-entrant cylindrical type shown in 
Fig. 19-10. It is useful in connection with vac-
uum-tube oscillators of the types described 
for u.h.f. use elsewhere in this chapter. In con-
struction it resembles a concentric line closed 
at both ends with capacitance loading at the 
top, but the actual mode of oscillation may 
differ considerably from that occurring in 
coaxial lines. The resonant frequency of such a 
cavity depends upon the diameters of the two 
cylinders and the distance d between the ends 
of the inner and outer cylinders. 

d 
t. 

CROSS-SECTIONAL VIEW 

Fig. 19-1(1 Re-entrant cylindrical cavity resonator. 

Compared to ordinary resonant circuits, 
cavity resonators have extremely-high Q. 
A value of Q of the order of 1000 or more is 
readily obtainable, and Q values of several 
thousand can readily be secured with good 
design and construction. 

Coupling to Wave Guides and Cavity 
Resonators 

Energy may be introduced into or ab-
stracted from a wave guide or resonator by 
means of either the electric or magnetic field. 
The energy transfer frequently is through a 
coaxial line, two methods for coupling to which 
are shown in Fig. 19-11. The probe shown at A 
is simply a short extension of the inner con-
ductor of the coaxial line, so oriented that it 
is parallel to the electric lines of force. The 
loop shown at B is arranged so that it encloses 
some of the magnetic lines of force. The point 
at which maximum coupling will be secured 
depends upon the particular mode of propa-
gation in the guide or cavity; the coupling 
will be maximum when the coupling device 
is in the most intense field. 

Coupling can be varied by turning either the 
probe or loop through a 90-degree angle. 
When the probe is perpendicular to the elec-
tric lines the coupling will be minimum; simi-
larly, when the plane of the loop is parallel 
to the magnetic lines the coupling will have 
its least possible value. 

(A) (B) 

Fig. 19-11 — °militia to wave guides and resonators. 

U.H.F. and Microwave Tubes 
At ultra-high frequencies, interelectrode ca-

pacitance and the inductance of internal leads 
determine the highest possible frequency to 
which a vacuum tube can be tuned. The tube 
usually will not oscillate up to this limit, how-
ever, because of dielectric losses, grid emission, 
and " transit-time" effects. In low-frequency 
operation, the actual time of flight of electrons 
between the cathode and the anode is negligible 
in relation to the duration of the cycle. At 1000 
ice., for example, transit time of 0.001 microsec-
ond, which is typical of conventional tubes, is 
only 1/1000 cycle. But at 100 Mc., this same 

transit time represents 1/10 of a cycle, and a 
full cycle at 1000 Mc. These limiting factors 
establish about 3000 Mc. as the upper fre-
quency limit for negative-grid tubes. 

With most tubes of conventional design, the 
upper limit of useful operation is around 150 Mc. 
For higher frequencies tubes of special construc-
tion are required. The " acorn" and " doorknob" 
types have been available for many years, these 
being useful up to 500 Mc. or more in special cir-
cuits. Newer miniature types, developed for use 
in u.h.f. television receivers, now provide good 
performance up to nearly 1000 Mc. 
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Very low interelect rode capacitance and lead 

inductance have been achieved in the newer 
tubes of modified construction. In some types 
the electrodes are provided with up to five sepa-
rate leads which, when connected in parallel, 
have considerably-reduced effective inductance. 
In double-lead types the plate and grid elements 
are supported by heavy single wires which run 
entirely through the envelope, providing ter-
minals at either end of the bulb. When a resonant 
circuit is connected to each pair of leads, the 
shunting capacitance divides between the two 
circuits. With linear circuits the leads become a 
part of the line and have distributed rather than 
lumped constants. Radiation loss is minimized 
and the effect of the transit time is reduced. In 
"lighthouse" tubes or megatrons the plate, grid 
and cathode are assembled in parallel planes, as 
shown in Fig. 19-12, instead of coaxially. The 
uniform coplanar electrode design and disk-
seal terminals permit low interelectrode capaci-
tance. 

Velocity Modulation 

In negative-grid operation the potential -on 
the grid tends to reduce the electron velocity 
during the more negative half of the oscillation 
cycle, while on the other half-cycle the positive 
potential on the grid serves to accelerate them. 
Thus the electrons tend to separate into groups, 
those leaving the cathode during the negative 
half-cycle being collectively slowed down, while 
those leaving on the positive half are ac-
celerated. After passing into the grid-plate 
space only a part of the electron stream follows 
the original form of the oscillation cycle, the 
remainder traveling to the plate at differing 
velocities. Since these contribute nothing to the 
power output at the operating frequency, the 
efficiency is reduced in direct proportion to the 
variation in velocity, the output reaching a 
value of zero when the transit time approaches 
a half-cycle. 

This effect, such a disadvantage in conven-
tional tubes, is an advantage in velocity-modu-
lated tubes in that the input signal voltage on 
the grid is used to change the velocity of the 
electrons in a constant-current electron beam, 

rather than to 
vary the inten-
sity of a con-

Plate stant-velocity 
current flow as 

Class is the method 
Cathode in ordinary 

tubes. 
Fcaihods A simple 

form of veloe-
ity-modulation 
oscillator tube 
is shown in 
Fig. 19-13. 
Electrons 
emitted from 
the cathode are 

Heater 

Grid 

connection 

OC.Cathode 
connection 

Fig. 19-12 — Sectional view of the 
-lighthouse" tube's construct' . 
Close electrode spacing redimes 
transit time while the disk electrode 
connections reduce lead inductance. 

CONCENTRIC LINE 
OUTPUT CIRCUIT 

.30 V 

+35O/. 

COLLECTOR 
+4V 

Fig. 19-13 — Simple form of cylindrical-grid velocity. 
modulated tube with retarding-field collector and 
coaxial-line output circuit, used as a superheterodyne 
high-frequency oscillator or as a superregenerative 
detector. Similar tubes can also be used as r.f. ampli-
fiers and frequency converters in the 5-50-cm. region. 

accelerated through a negatively-biased cylin-
drical grid by a constant positive voltage ap-
plied to a sleeve electrode, shown in heavy lines. 
This electrode, which is the velocity-modulation 
control grid, consists of two hollow tubes, with 
a small space at each end between the inner 
tube, through which the electron beam passes, 
and the disks at the ends of the larger tube 
portion. With r.f. voltage applied across these 
gaps, which are small compared to the distance 
traveled by the electrons in one half-cycle, 
electrons entering the tube will be accelerated 
on positive half-cycles and decelerated on the 
negative half-cycles. The length of the tube is 
made equal to the distance covered by the 
electrons in one-half cycle, so that the electrons 
will be further accelerated or decelerated as 
they leave the tube. 

As the beam approaches the collector elec-
trode, which is at nearly zero potential, the 
electrons are retarded, brought to rest, and 
ultimately turned back by the attraction of 
the positive sleeve electrode. The collector 
electrode is, therefore, also termed a reflector. 
The point at which electrons are returned de-
pends on their velocity. Thus the velocity 
modulation is again translated into current 
modulation. 

Velocity-modulated tubes operate satisfac-
torily up to 6000 Mc. (5 cm.) and higher, with 
outputs of 100 watts or more. 

The Klystron 

In the klystron velocity-modulated tube, the 
electrons emitted by the cathode are acceler-
ated or retarded during their passage through 
an electric field established by two grids in a 
cavity resonator, or rhumbatron, called the 
"bundler." The high-frequency electric field 
between the grids is parallel to the electron 
stream. This field accelerates the electrons at 
one moment and retards them at another, in 
accordance with the variations of the r.f. volt-
age applied. The resulting velocity-modulated 
beam travels through a field-free " drift space," 
where the slowly-moving electrons are gradu-
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ally overtaken by the faster ones. The electrons 
emerging from the pair of grids therefore are 
separated into groups or bunched along the 
direction of motion. The velocity-modulated 
electron stream is passed to a " catcher" 
rhumbatron. Again the beam passes through 
two parallel grids; the r.f. current created by 
the bunching of the electron beam induces an 
r.f. voltage between the grids. The catcher cav-
ity is made resonant at the frequency of the 
velocity-modulated electron beam, so that an 
oscillating field is set up within it by the pas-
sage of the electron bunches through the grid 
aperture. 

If a feed-back loop is provided between the 
two rhumbatrons, as shown in Fig. 19-14, oscil-
lations will occur. The resonant frequency de-
pends on the electrode voltages and on the 
shape of the cavities, and may be adjusted by 
varying the supply voltage and altering the 
dimensions of the rhumbatrons. The bunched 
beam current is rich in harmonies, but the out-
put waveform is remarkably pure because the 
high Q of the catcher rhumbatron suppresses 
the unwanted harmonies. 

Magnetrons 

A magnetron is fundamentally a diode with 
cylindrical electrodes placed in a uniform mag-
netic field with the lines of electromagnetic 
force parallel to the elements. The simple cylin-
drical magnetron consists of a filamentary 
cathode surrounded by a concentric cylindrical 
anode. In the more efficient split-anode magne-
tron the cylinder is divided longitudinally. 
Magnetron oscillators are operated in two 

different ways. Electrically the circuits are 
similar, the difference being in the relation be-
tween electron transit time and the frequency 
of oscillation. 

In the negative-resistance or dynatron type 

UPS V.A 

Fig. 19-14 — Circuit diazram of the klystron osedlator, 
showing the feed-back logo coupling the frequency-con-
trolling rhumbatrons and the output loop in the catcher. 

of magnetron oscillator, the element dimen-
sions and anode voltage are such that the 
transit time is short compared with the period 
of the oscillation frequency. Electrons emitted 
from the cathode are driven toward both 
halves of the anode. If the potentials of the two 
halves are unequal, the effect of the magnetic 
field is such that the majority of the electrons 

Direction o/moq'e1icfeId— 

Durcüoa of magne& field 

(A) 

(B) 
Fig. 19-15 — Conventional magnetrons, with equivalent 
schematic symbols at the right. A, simple cylindrical 
magnetron.B,split-anodenegative-resistancemagnetron. 

travel to that half of the anode that is at the 
lower potential. In other words, a decrease in 
the potential of either half of the anode results 
in an increase in the electron current flowing to 
that half. The magnetron consequently exhib-
its negative-resistance characteristics. Nega-
tive-resistance magnetron oscillators are use-
ful between 100 and 1000 Me. Under the 
best operating conditions efficiencies of 20 to 
25 per cent may be obtained. Since the power 
loss in the tube appears as heat in the anode, 
where it is readily dissipated, relatively large 
power-handling capacity can be obtained. 

In the transit-time magnetron the frequency 
is determined primarily by its dimensions and 
by the electric and magnetic field intensities 
rather than by the tuning of the tank circuits. 
The efficiency is much better than that of a 
positive-grid oscillator and good power output 
can be obtained even on the superhighs. 

In a nonoscillating magnetron with a weak 
magnetic field, electrons traveling from the 
cathode to the anode move almost radially, 
their trajectories being bent only slightiy by 
the magnetic field. With increased magnetic 
field the electrons tend to spiral around the 
filament, their radial component of velocity 
being much smaller than the angular com-
ponent. Under critical conditions of magnetic 
field strength, a cloud of electrons rotates 
about the filament. It extends up to the anode 
but does not actually reach it. 
The nature of these electron trajectories is 

shown in Fig. 19-16. Cases A, B and C corre-
spond to the nonoscillating condition. For a 
small magnetic field ( A) the trajectory is bent 
slightly near the anode. This bending increases 
for a higher magnetic field (B) and the elec-
tron moves through quite a large angle near 
the anode before reaching it, signifying a large 
increase of space charge near the anode. For a 
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strong magnetic field (C) electrons start radi-
ally from the cathode but are soon bent and 
curl about the filament in the form of a long 
spiral before reaching the anode. This means a 
very long transit time and a very large space 
charge in the whole region where the spiraling 
takes place. Under critical conditions ( D), no 
current flows to the anode and no electron is 
able to move from cathode to anode, but a large 
space charge still exists between the cathode 
and anode. The spiraling becomes a set of con-
centric circles, and the entire space-charge 
distribution rotates about the filament. 

(Al (E() t) 

e 
l„ 

(D) (E) (F) 

H 

Fig. 19-16 — Electron trajectories for increasing values 
of magnetic field strength, 1/. Below is shown the corre-
sponding curve of plate current, L. Oscillations com-
mence when 11 reaches a critical value, He, progressively 
higher-order modes of oscillation occur beyond this point. 

Fig. 19-16E, F and G depicts higher-order 
(harmonie-type) modes of operation in which 
the space charge oscillates not only symmetri-
cally but in transverse directions contrasting 
to the vibrations of the fundamental. 

In a transit-time magnetron oscillator the 
intensity of the magnetic field is adjusted so 
that, under static conditions, electrons leaving 
the cathode move in curved paths which just 
fail to reach the anode. All electrons are there-
fore deflected back to the cathode, and the 
anode current is zero. When an alternating 
voltage is applied between the two halves of 
the anode, causing the potentials of these halves 
to vary about their average positive values, the 
conditions in the tube become analogous to 
those in a positive-grid oscillator. If the period 
of the alternating voltage is made equal to the 
time required for an electron to make one 
complete rotation in the magnetic field, the 
a.c. component of the anode voltage reverses 
direction twice with each electron rotation. 
Some electrons will lose energy to the electric 
field, with the result that they are unable to 
reach the cathode and continue to rotate 
about it. Meanwhile other electrons gain energy 
from the field and are returned to the cathode. 

ICOLLECTOR 

GUN ANODE HELIX 

Cathode 
Fig. 19-17 — 
Split- anode 
magnetron 
with integral 
resonant anode 
cavity for 
use at u. h.f. 

Since those electrons that lose energy remain 
in the interelectrode space longer than those 
that gain energy, the net effect is a transfer of 
energy from the electrons to the electric field. 
This energy can be applied to sustain oscilla-
tions in a resonant transmission line connected 
between the two halves of the anode. 

Split-anode magnetrons for u.h.f. are con-
structed with a cavity resonator built into the 
tube structure, as illustrated in Fig. 19-17. The 
assembly is a solid block of copper which 
assists in heat dissipation. At extremely high 
frequencies operation is improved by subdivid-
ing the anode structure into from 4 to 16 or 
more segments, the resonant cavities for each 
anode coupled by slots of critical dimensions 
to the common cathode region, as in Fig. 19-18. 
The efficiency of multisegment magnetrons 

reaches 65 or 70 per cent. Slotted-anode mag-
netrons with four segments function .up to 
30.000 Mc. (1 cm.), delivering up to 100 watts 
at efficiencies greater than 50 per cent. Using 
larger multiples of anodes and higher-order 
modes, performance can be attained at 0.2 cm. 

Fig. 19-18 — 
Multisegment 
magnetron 
with four res-
onant cavities. 
This construc-
tion is used for 
extremely high 
frequencies. 

Traveling- Wave Tubes 

Gain as high as 23 db. over a bandwidth of 
800 Mc. at a center frequency of 3600 Mc. has 
been obtained through the use of a fairly-simple 
traveling-wave amplifier tube. Shown schemati-
cally in Fig. 19-19, the circuit consists of a helix, 
down which an electromagnetic wave travels. An 
electron beam is shot through the helix parallel 
to its axis, and in the direction of propagation 
of the wave. When the electron velocity is about 
the same as the wave velocity in the absence of 
the electrons, turning on the electron beam 
causes a power gain for wave propagation in the 
direction of the electron motion. 

HEATER CATHODE 
INPUT 

I 
OUTPUT 

Fig. 19-19 — Schematic 
drawing of a traveling. 
wave amplifier tube. 

• 
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The portions of Fig. 19-19 marked "input" and 

"output" are wave-guide sections to which the 
ends of the helix are coupled. In practice two 
electromagnetic focusing coils are used, one form-
ing a lens at the electron gun end, and the other 
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a solenoid running the length of the helix. 
The most valuable feature of the traveling-

wave tube is its great bandwidth. The gain is 
high, though the efficiency is rather low. Typical 
power output is of the order of 200 milliwatts. 

Amateur Microwave Technique 
All the bands that have been assigned to ama-

teurs in the microwave region have been used for 
experimental two-way communication. Complete 
descriptions of suitable equipment for all these 
bands is beyond the scope of this text, but ex-
amples of the techniques employed are shown 
below. Reference is made to various articles 
that have appeared in QST, describing micro-
wave gear used by amateurs, for those who wish 
more details. 

1215 Mc. 

In this band it is possible to use a few more-
or-less conventional triodes with linear circuits, 
though great care must be used in designing such 
layouts, and the efficiency will be very low. A 
transmitter for 1215 Mc., designed and built by 
W3MLN and W3HFW, is shown in Figs. 19-20 
— 19-22. It uses a 703A doorknob triode, com-
pletely shielded, with the antenna as an integral 
part of the assembly. The tube is mounted at the 
end of a halfwave line. Output is capacitively 
coupled to the folded quarter-wave antenna by 
means of a probe mounted alongside the plate 
line. 

It should be emphasized that complete shield-
ing of the oscillating circuit (including the tube 
elements) is absolutely necessary. The circuit will 
not oscillate at all if the shield is removed from 
the grid and plate rods, and only very weakly if 
the tube shield is not in place. Output is only 
about one watt, with an input of RO inn. a 

Fig. 19-20 — An oscillator and antenna system for 
1215 Me., built as one unit. ( 11'3/1F1,— ..'IMLN) 

volts, but two of these units have been used to 
communicate over distances up to 12 miles or so 
with S9 signals. The equipment is described in 
detail by the designers in QST for April, 1948, 
page 16. 

Fig. 19-21 — Schematic diagram of the 1215-Mc. 
oscillator. 

Lighthouse tubes in suitably designed circuits 
are more efficient at this frequency. For best re-
sults cavities should be used, though trough-line 
awl flat-plate circuits have been used. 

Parabolic reflectors are usually employed foi 
this and higher frequencies. It is desirable to 
make tIte t ransmitter or receiver an integral part 
of the antenna system if possible. If this cannot 
1,e done, coaxial line of t he sin ut est usable length 
may be used. Air-insulated line is preferred to the 
flexible polyethylene-insulated variety, because 
of the higher losses in the latter. 

2300 Mc. 

Most of the work on 2300 Mc. has been done 
with lighthouse tulK•s in cavity oscillators, 
though some of the klystron types such as the 
70713 have been used. Cavil ji s ior this frequency 
may be a quart er wavelength, half wavelength or 
three-quarter wavelengt h long. 

Details of a half-wave cavity oscillator using 
a 2C40 lighthouse tube are shown in Figs. 19-22 
and 19-23. This oscillator was designed and 
built by W2RMA. It may be duplicated by any 
worker who has access to a few metal-working 
tools. 
The main body of the cavity is 1-inch brass 

pipe, silver plated. The end that fits over the tube 
is cut out to an inside diameter of 1 3j inch, the 
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Fig. 19-22 — Detail drawing of the 703 oscillator for 
1215 Mc. 

only lathe work required. This end is also sawed 
crosswise at several points so that it may be 
clamped tightly to the tube with a brass strap, 
as seen in the photograph. Plate voltage is fed 
into the cavity through a feed-through capacitor 
mounted on the side of the tubing, and power is 
coupled out by means of a capacity probe and 
coaxial fitting at the hot end. The cavity is tuned 
with a screw mounted in the end, providing a 
variable capacitance to the anode post. 

Output, with a 250-volt supply, will be 50 to 
250 milliwatts. This seemingly small amount of 
power may be made to do very well with the 
antenna gain that is possible at this frequency 
with a parabolic reflector of reasonable dimen-
sions. Gear for 2300 Me. is described in QST for 
July, 1946, page 32, August, 1947, page 128, and 
February, 1948, page 11. 

3300 Mc. 

Lighthouse oscillators may be used on this 
frequency, but it is close to the top limit of t heir 
capabilities, so bet ter results are obtainable wit h 
the klystron types. An advantage of the latir is 
that the frequency of oscillation may be varied 
over an appreciable range by changing the re-
flector voltage. This characteristic is also useful 
in providing a convenient means of obtaining 
frequency modulation. This sensitivity to volt-
age changes makes it desirable to use a regulated 
hum-free supply. 
On this and higher frequencies a convenient 

system for two-way work is the use of a klystron 
as both transmitting oscillator and as a local 
oscillator for receiving. A crystal mixer is used in 
this case, its output being fed into a receiver 
serving as the if, system. If the receiver so used is 
capable of f.m. detection it is only necessary to 
modulate the klystron reflector voltage to pro-
vide Lin. communication of good quality. The 
oscillators of the two stations in communication 
are then operated on frequencies differing by the 

value of the intermediate frequency selected. A 
single antenna system is used for both transmit-
ting and receiving, and no change-over arrange-
ment is needed. 

5650 Mc. 

Amateur work in this range has been done 
largely with reflex klystrons, two types of which 
(2K43 and 2K44) are capable of operation within 
our band. The one-tube system described above 
may be used for each station, or of course sepa-
rate tubes may be used for transmitter and local 
oscillator. In the tat ter case two antenna systems 
are required, but the transmitter efficiency is 
somewhat higher as some power is dissipated 
across the crystal in the one-tube arrangement. 

Frequency modulation of klystrons is more 
practical than amplitude modulation. Modulation 
of the repellor voltage requires no audio power, 
as there is no current drawn by this tube element. 
A carbon microphone and a microphone trans-
former, with the repellor voltage fed through 
the secondary, will handle the audio requirements 
nicely. 
The first two-way microwave communication 

in amateur history was carried out in this way by 
A. E. Harrison, \i'6BMS/2, and R. E. Merchant, 
W2LGF, who operated in the temporary 5300-
Mc. band. Their equipment, described in QST 
for January, 1946, page 19, will also work in the 
present band. 

10,000 Mc. 

The 723A/B reflex klystron, available at low 
cost, for some time on the surplus market, pro-
vided amateurs with a convenient and inexpen-
sive means of operation on 10,000 Mc. As manu-
factured, the tube will not ordinarily operate in 
the amateur band without modification. 

Like other tubes of the reflex klystron variety, 
the frequency of oscillation is varied by warping 
the built-in cavity. It is used with a modified 
octal socket, with pin No. 4 removed and the 

Fig. 19-23 — A half-way e cavity oscillator for 2300 Me. 
(W2RMA) 
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Fig. 19-24 — Mechanical details of the 2300-Me. 
lighthouse oscillator. 

hole enlarged to pass the coaxial line that is part 
of the tube. This line is terminated in an " an-
tenna" which is ordinarily used to transfer power 
to a waveguide. 
Two vertical struts are provided for tuning, 

one of which is already variable by means of 
a stud, which spreads or contracts the flexible 
strut on the right side, compressing or stretching 

Soft solder 

the bellows, lowering or raising the frequency re-
spectively. 
The upper limit of frequency range, reached 

by rotating the tuning stud, will seldom be within 
the amateur band, hence it is necessary to per-
form the following operation. It may be seen that 
the top of the cavity is held in a fixed position on 
the strut on the side of the tube by two small 
nuts which, after having been tightened, have 
been spot-welded to each other. The spot weld 
should be filed away until each nut can be moved 
freely on the threaded stud. Next, the position 
of these nuts should be adjusted very carefully, to 
raise the top of the cavity as was done on the 
other side. Extreme care should be used in this 
operation, as excessive stretching of the bellows 
may break some of the seals and render the tube 
inoperative. It is advisable to move the lower 
nut only until a firm resistance is felt. The operat-
ing frequency should then be checked, and if it is 
still below the limit of the band another tube 
should be tried, as any further attempt to raise 
the frequency will almost certainly ruin the tube. 
Equipment for use on 10,000 Mc. is described 

in detail in QST for February, 1947, page 58. 

21,000 Mc. 

Operation in this frequency, and in the unas-
signed region above 30,000 Mc. is still highly ex-
perimental in nature. Only once has the 21,000-
Mc. band been used for amateur two-way com-
munication. This was accomplished under lab-
oratory conditions by two engineers whose spe-
cialty is development work in this field. Their 
work is detailed in QST for August, 1946, page 
19. Type Z-668 reflex klystrons were used, with 
horn and parabolic antenna systems, to work 
two-way over a distance of 800 feet. 
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Mobile Equipment 
The amateur who goes in for mobile opera-

tion will find plenty of room for exercising his 
individuality and developing original ideas in 
equipment. Each installation has its special 
problems to be solved. 
Most mobile receiving systems are designed 

around the use of a h.f. converter working into 
a standard car broadcast receiver tuned to 
1500 kc. which serves as the if. and audio 
amplifiers. The car receiver is modified to take 
a noise limiter and provide power for the 
converter. 

While a few mobile transmitters may run an 
input to the final amplifier as high as 100 watts 
or more, an input of about 30 watts normally is 
considered the practical limit unless the car is 
equipped with a special battery-charging sys-
tem. The majority of mobile operators use 'phone. 

In contemplating a mobile installation, the 
car should be studied carefully to determine 
the most suitable spots for mounting the 
equipment. Then the various units should be 
built in a form that will make best use of that 
space. The location of the converter should 
have first consideration. It should be placed 
where the controls can be operated conven-
iently without distracting attention from the 
wheel. The following list suggests spots that 
may be found suitable, depending upon the 
individual car. 

On top of the instrument panel 
Attached to the steering post 
Under the instrument panel 
In a unit made to fit between the lower lip 

of the instrument panel and the floor at 
the center of the car 

On the left-hand door panel (detachable 
when not in use) 

Under the left-hand front seat 
In the motor compartment (controls ex-

tended through the instrument panel) 

The transmitter power control can be 
placed close to the receiver position, or in-
cluded in the converter unit. This control 
normally operates relays, rather than to switch 

the power circuit directly. This permits a 
minimum length of heavy-current battery 
circuit. Frequency within any of the 'phone 
bands sometimes is changed remotely by 
means of a stepping-switch system that 
switches crystals. In most cases, however, it is 
necessary to stop the car to make the several 
changes required in changing bands. 
Depending upon the size of the transmitter 

unit, one of the following places may be found 
convenient for mounting the transmitter: 

In the glove compartment 
Under the instrument panel 
In a unit in combination with or without 

the converter, built to fit between the 
lower edge of the instrument panel and 
the floor at the center 

Under the right-hand or left-hand front seat 
On the ledge above the rear seat 
Fastened to the back of the front seat 
In the trunk 
In the motor compartment 

Most mobile antennas consist of a vertical whip 
with some system of adjustable loading for the 
lower frequencies. Power supplies are of the 
vibrator-transformer-rectifier or motor-generator 
type operating from the car storage battery. 

Units intended for use in mobile installa-
tions should be assembled with greater than 
ordinary care, since they will be subject to 
considerable vibration. Soldered joints should 
be well made and wire wrap-arounds should 
be used to avoid dependence upon the solder 
for mechanical strength. Self-tapping screws 
should be used wherever feasible, otherwise 
lock-washers should be provided. Any shafts 
that are normally operated at a permanent or 
semi-permanent setting should be provided 
with shaft locks so they cannot jar out of ad-
justment. Where wires pass through metal, 
the holes should be fitted with rubber grom-
mets to prevent chafing. Any cabling or wiring 
between units should be securely clamped in 
place where it cannot work loose to interfere 
with the operation of the car. 

Noise Elimination 
Electrical-noise interference to reception in a 

car may arise from several different sources. As 
examples, trouble may be experienced with igni-
tion noise, generator and voltage-regulator hash, 
or wheel and tire static. 
A noise limiter added to the car b.c. receiver 

will go far in reducing some types, especially 
ignition noise from passing ears as well as your 
own. But for the satisfactory reception of 
weaker signals, some investigation and treat-

ment of the car's electrical system will be 
necessary. 

Ignition Interference 

Fig. 20-1 indicates the measures that may be 
taken to suppress ignition interference. The 
condenser at the primary of the ignition coil 
should be of the coaxial type; ordinary types are 
not effective. It should be placed as close to the 
coil terminal as possible. In stubborn cases, two 
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of these condensers with an r.f. choke between 
them may provide additional suppression. The 
size of the choke must be determined experi-
mentally. The winding should be made with 
wire heavy enough to carry the coil primary 
current. A 10,000-ohm suppressor resistor should 
be inserted at the center tower of the distributor, 
a 5000-ohm suppressor at each spark-plug tower 
on the distributor, and a 10,000 ohm suppressor 
at each spark plug. The latter may be built-in or 
external. A good suppressor element should be 
molded of material having low capacitance. 
Erie type 117VR-10NIE and L7VR-5ME are 
satisfactory. In extreme cases, it may be neces-
sary to use shielded ignition wire. The 1951 
Pontiac car was equipped with suppressor igni-
tion wires, the resistance being distributed 
throughout the length of the wire. This is some-
what superior to lumped resistance and may be 
used if the lead lengths are right to fit your car. 
They should not be eut, but used as they are 
sold. 

Generator Noise 

Generator hash is caused by sparking at the 
commutator. The pitch of the noise varies with 
the speed of the motor. This type of noise may be 
eliminated by using a 0.1- to 0.25-µfd. coaxial 
condenser in the generator armature circuit. 
This condenser should be mounted as near the 
armature terminal as possible and directly 

SPARK PLUG 

Fig. 20-2— The right % ay to install by-passes to re-
duce interference from the regulator. A condenser 
should never he connected across the generator field 
lead without the small series resistor indicated. 

on the frame of the generator. 
To reduce the noise at 28 

Mc., it may be necessary to 
insert a parallel trap, tuned 
to the middle of the band, in 
series with the generator out-
put lead. The coil should have 
about 8 turns of No. 10 wire, 
space-wound on a 1-inch di-
ameter and should be shunted 
with a 30-aafd. mica trimmer. 
It can be pretuned by putting 
it in the antenna lead to the 
home-station receiver tuned 
to the middle of the band, 
and adjusting the trap to 
the point of minimum noise. 
The tuning may need to be 
peaked up after installing in 
the car, since it is fairly 
critical. 

Voltage-Regulator Interference 

In eliminating voltage-regulator noise, the 
use of two coaxial condensers, and a resistor-
mica-condenser combination, as shown in Fig. 
20-2, are effective. A 0.1- to 0.25-dd. coaxial 
condenser should be placed between the battery 
terminal of the regulator and the battery, with 
its case well grounded. Another condenser of the 
saine size and type should be placed between the 
generator terminal of the regulator and the 
generator. A 0.002-dd. mica condenser with 
a 4-ohm carbon resistor in series should be 
connected between the field terminal of the 
regulator and ground. Never use a condenser 
across the field contacts or between field and 
ground without the resistor in series, since this 
greatly reduces the life of the regulator. In some 
cases, it may be necessary to pull double-braid 
shielding over the leads between the generator 
and regulator. It will be advisable to run new 
wires, grounding the shielding well at both 
ends. If regulator noise persists, it may be 
necessary to insulate the regulator from the car 
body. The wire shielding is then connected to 
the regulator ease at one end and the generator 
frame at the other. 

Wheel Static 

Wheel static shows up as a steady popping 
in the receiver at speeds over about 15 m.p.h. 
on smooth dry streets. Front-wheel static col-
lectors are available on the market to elim-
inate this variety of interference. They fit 
inside the dust cap and bear on the end of the 
axle, effectively grounding the wheel at all 
times. Those designated particularly for your 
car are preferable, since the universal type 
does not always fit well. They are designed to 
operate without lubrication and the end of the 
axle and dust cap should be cleaned of grease 
before the installation is made. These collectors 
require replacement about every 10,000 miles. 

Rear-wheel collectors have a brush that 
bears against the inside of the brake drum. It 
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may be necessary to order these from the fac-
tory through your dealer. 

Tire Static 

This sometimes sounds like a leaky power 
line and can be very troublesome even on the 
broadcast band. It can be remedied by injecting 
an antistatic powder into the inner tubes 
through the valve stem. The powder is mar-
keted by Chevrolet and possibly others. 
Chevrolet dealers can also supply a convenient 
injector for inserting the powder. 

Tracing Noise 

To determine if the receiving antenna is 
picking up all of the noise, the shielded lead-in 
should be disconnected at the point where it 
connects to the antenna. The motor should be 
started with the receiver gain control wide 
open. If no noise is heard, all noise is being 
picked up via the antenna. If the noise is still 
heard with the antenna disconnected, even 
though it may be reduced in strength, it indi-
cates that some signal from the ignition system 
is being picked up by the antenna transmission 
line. The lead-in may not be sufficiently-well 
shielded, or the shield not properly grounded. 
Noise may also be picked up through the 6-volt 
circuit, although this does not normally hap-
pen if the receiver is provided with the usual 
r.f.-choke-and-by-pass-condenser filter. 

In case of noise from this source, a direct wire 
from the " hot" battery terminal to the receiver 
is recommended. 

Ignition noise varies in repetition rate with 
engine speed and usually can be recognized by 
that characteristic in the early stages. Later, 
however, it may resolve itself into a popping 
noise that does not always correspond with 
engine speed. In such a ease, it is a good idea to 
remove all leads from the generator so that the 
only source left is the ignition system. 

Regulator and generator noise may be de-
tected by racing the engine and cutting the 
ignition switch. This eliminates the ignition 
noise. Generator noise is characterized by its 
musical whine contrasted with the ragged raspy 
irregular noise from the regulator. 
With the motor running at idling speed, or 

slightly faster, cheeks should be made to try to de-
termine what is bringing the noise into the field of 
the antenna. It should be assumed that any con-
trol rod, metal tube, steering post, etc., passing 
from the motor compartment through an insu-
lated bushing in the firewall will carry noise to a 
point where it can he radiated to the antenna. 
All of these should he bonded to the firewall 
with heavy wire or braid. Insulated wires can 
be stripped of r.f. by by-passing them to ground 
with 0.5-afd. metal-ease condensers. The fol-
lowing should not be overlooked: battery lead 
at the ammeter, gasoline gauge, ignition switch, 
headlight and taillight leads and the wiring of 
any accessories running from the motor com-
partment to the instrument panel or outside the 
car. 

(A) 

AVC R2 

(B) 

C) 

C4 — 

RIO 

46T8 or 
6S8GT 

R„, 

6.1.8 or 
6S8GT . 

.\-
1 

Rs 

B. 

Fig. 20-3 — Diagrams showing addition of noise limiter 
to car receiver. A — Usual circuit. B — Modification. 
CI, C3 — 100-spfd. mica. 
Ca, C4, Cs — 0.01 .14fd. paper. 
Ca — 0.1.afd. paper. 
RI — 47,000 ohms. 
Ra. Rio — 1 megohm. 
Ra — megohm 
117, Rs, 113 — 0.47 megohm. 
R4 — 10 megohms. 
Rs — megohm. 
Rs — 0.1 megohm. 
Ti — 1.f. transformer. 
V1 — Second detector. 

The firewall should be bonded to the frame 
of the car and also to the motor block with heavy 
braid. If the exhaust pipe and muffler are in-
sulated from the frame by rubber mountings, 
they should likewise be grounded to the frame 
with flexible copper braid. 

Noise Limiter 

Fig. 20-3 shows the alterations that may be 
made in the existing car-receiver circuit to 
provide for a noise limiter. The usual diode-
triode second detector is replaced with a type 
having an extra independent diode. If the car 
receiver uses octal-base tubes, a 6S8GT may 
be substituted. The 7X7 is a suitable replace-
ment in receivers using loktal-type tubes, 
while the 6T8 may be used with miniatures. 
The switch that cuts the limiter in and out 

of the circuit may be located for convenience 
on or near the converter panel. Regardless of 
its placement, however, the leads to the switch 
should be shielded to prevent hum pick-up. 
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A Compact Multiband Mobile Converter 

Figs. 20-4 through 20-9 show photographs and 
diagrams of a small mobile converter covering 
all bands from 3.5 to 29 Mc. 
As the diagram of Fig. 20-6 indicates, the cir-

cuit includes an r.f. stage, mixer and h.f. oscilla-
tor, each using a 6AJ5, similar to the 6AK5 which 
can be used interchangeably in this circuit. The 
input circuit can be peaked up with the 50-pafd. 
air trimmer, C1. The grid circuit of the mixer is 
broadbanded, requiring no attention after pre-
liminary adjustment. The main tuning control is 
C17 in the h.f. oscillator circuit. Fixed parallel 
padders are selected to spread each of the bands 
over a good share of the dial. All coils, including 
the if., are slug-tuned. Included in the band-
switch are the sections So and SD, which turn off 
the filament and plate power, as well as the dial 
lamps, when the gang is thrown to the b.c. posi-
tion. A small relay, controlled from the transmit-
ter panel, cuts the B supply to the converter while 
transmitting. The over-all dimensions are 3% by 
5% by 6% inches, not including protuberances, 
such as the r.f. tuning knob and the power plug. 
The panel is 5 by 3% inches and includes the dial, 
antenna-trimmer control and bandswitch. The 
chassis is 5 by 5% by 2. All parts of the enclo-
sure are of aluminum sheet. 
The dial mechanism is a planetary unit with 

a 5 to 1 ratio (National AVD). This is mounted 
on the panel 1% inches from the bottom edge. 
The dial face is a piece of .j-inch Lucite or Plexi-
glas 3 by 5 inches. A semicircle is cut out of the 

bottom edge with a jig saw to clear the dial mech-
anism, and is also notched out on the right-hand 
side to pies the shaft of the antenna trimmer. Be-
fore making these cuts, however, the various dial 
scales should be laid out with a compass scriber, 
using the position of the dial shaft as the scribing 
center. The back side of the plastic is covered with 
ordinary black or other dark-colored paint to form 
a contrasting background for the calibration 
marks. A dial lamp is mounted in each upper cor-
ner of the panel and the plastic is drilled part way 
through at these points. The ends of the bulbs 
extend into these depressions and the transmitted 
light illuminates the panel. Twelve-volt lamps 
(operating at 6 volts, of course), or two 6-volt 
lamps in series, provide plenty of light at half 
normal voltage. A metal cover of light-gauge 
aluminum was fashioned to fit over the upper 
corners of the plastic to eliminate direct light 
from the lamps. The pointer is a piece of thin 
transparent plastic, cut to shape and fastened 
to the dial mechanism with the screws provided. 
A line is scribed down the center of the pointer. 

Underneath, the main tuning-condenser shaft 
is matched up with the dial shaft and mounted in 
place. While the condenser shown in the photo-
graph is a two-section job, only one of the sections 
is used. An L-shaped shield runs along the right-
hand side and across the rear of the condenser to 
isolate it from the antenna trimmer mounted 
nearby on the right-hand edge of the chassis. 
The bandswiteh gang is made up from Cen-

Fig. 20-4 — Bandswitching 
converter designed by 
%%3111NR and % 3DZZ in-
stalled under the dashboard 
near the b.c. receiver. 
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• 

Fig. 204 — The dial of the band. 
switching mobile converter is a pieee 
of clear plastic with calibration marks 
inscribed. The bantlswitch control is 
at the lower left and the antenna 
trimmer to the right. 

• 

tralab switch-kit parts and consists of five 
ceramic wafers. Three wafers carry two circuits 
of five positions (Centralab type RR). The 
sixth position, shown in the diagram, is the arm 
slider contact which can be used in this case be-
cause the last switch position for all but Sm  is an 
open-circuit position. Sic and SID are separate wa-
fers each having one circuit and six positions (Cen-

Fig. 20-6 — Circuit of the bandswitching converter. 

Ci — 50onsfd. miniature variable. 
C2, Ce — 50-toàfd. mica. 
C3 — 100samfd. mica. 
CA, Ca, C7, Ce, Cis — 0.001-dd. mica. 
Cg — 220sumfd. mica. 
Cie — 3 jnifd. 
C11 — 51-ppfd. silvered mica. 
C12, C13 — 160-pmfd. silvered mica. 
C14 150.ggfd. silvered mica. 
Cis — 33- pfd. silvered mica. 
Cie — 33-pmfd. mica. 
CI7 15sumfd. variable 
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tralab type X). The switch is mounted directly 
behind the main tuning condenser in a vertical 
position, its shaft inches from the front edge 
of the chassis. This unusual mounting is conven-
ient for grouping tubes and coils around the 
switch sections. Only the switch index head and 
the first wafer are below the chassis. The two cir-
cuits of this wafer, comprising Sle and SIB, handle 

RI, 114. Re — 10,000 ohms, ,t4 watt. 
R2 — 180 ohms, 3.¡ watt. 
Re, Re — NW ohms, 4 vs att. 
R7, R8 — Values dependent on supply voltage. Adjust 

for voltages marked. 
It, 12 — 12•VOIL dial lamp. 
11, 13 — Coaxial connector. 
J2 — 5-pin male power plug. 
Ryt — 6svolt relay. 
Si — Ceramic rotary switch — 4 wafers, 2 circuits per 

wafer, 6 positions per circuit, and 1 wafer, 1 
circuit, 6 positions (I below, 4 above chassis) 
(made from Centralab kit parts). 
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Fig. 20-7 — Top vim. of the bandswitching converter, showing oscillator and miler coils grouped 
around the bandswiteh. The relay mounted against the front edge of the chassis etas the power to 
the converter during transmissions. 

the r.f. input circuits. The other four wafers are 
mounted above and a clearance hole for the 
switch shaft is drilled in the rhassis. Additional 
braving against 'the action of the omtrol lever is 
provided by adding a strap brtscket across the 
index head at right angles to the assembly rods. 
This strap is fastened to holes in the index head 
and with long screws to the chassis. 

Coil Table for Bandswitching Converter 

Rand,' Wire Length, Cath. 
Coil Mr. Lph. Turns Size bytes Turns Tap 

Ll• 29 0 85 12 
L2* 21 I 4 It 
Le 14 3 I 24 
L. 7 Ii 52 
Ls 3 5 38 92 
L.* 29 I 5 18 L•.:.:t.e. 3.; 
LC 21 2 8 27 26 ' 
Ls• 14 6.2 35 28 d.s.e. 
IA 7 25 98 31 d.s.e. 
LI. 4 82 140 34 enam. j 

29 0 35 9 28d.,,.e. 
Lo• 21 0 26 7 IS do.'. 34. 
Lle 14 0 56 10 2.8.d.s.e. 
LI.* 7 I 9 IS ZS d.s.r. 
L,:„ 4 15 60 IS 
Lie I 5 52 100 34 ennui. 25 

_ 

3 
3 

ti 
20 

• Wound on National XII-91 iron-slug form, kg in. dinen.. 11.¡ 
in. long, as close as possible to end opposite slug screw; others 
sanie, but on XII-93 forms. I% in. long Antenna coils wound 
over ground end of r.f, grid roils with same size wire. Catiode-
tap turns counted from ground end of oscillator rails. 

A sketch of the switch operating mechanism 
is shown in Fig. 20-S. Dimensions can be adjusted 
to suit a variety of eonditions. It is merely a mat-
ter of experimenting with a few pieces of card-
board and some thumbtacks to find dimensions 
that will fit each case. The short arm attached to 
the switch shaft should preferably be of brass so 
that the nut can be soldered fast,. The set-screw 
collar to whieh the short arm is attached is a panel 
bearing. The threaded neck is cut and filed down 
so that it is is. lit t ic longer than the t hickness of the 
arm. The excess is then hammered down over the 
al-In to make a firm joint. Solder flowed around 
the isole will itd,1 strength. The flange of the panel 
bearing should be drilled and tapped for two 
set. screws. Tite bandswitch scale is a strip of 
thin aluminum. The positiora: for the various 
bands are marked with a scriber and the lines 
filled in with crayon. 
The r.f. tube is the only one mounted top-side 

up. The mixer and oscillator tubes are upside 
down and have their connections and associated 
coils above the chassis. This arrangement per-
mits bet ter utilization of space and the chassis 
becomes a shield for the r.f. circuit. 

Adjustment 

Standard automobile receivers are designed 
for high-impedance antennas and transmission 
lines. Since the output of the converter is 
coupled to a low-impedance voax line, eon-
siderable mismatch results. Most. b.c. receivers 
have enough gain so that -the losses as a con-
sequence can be tolerated. However, the gain 
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• 

Fig. 20-8— Sketches 
showing the construction 
and dimensions of the 
bandsw itch mechanism 
for the multiband con-
verter. 

• 

-  

Metal block 

4 

il" Brass 

Bottom View 

Spacer 

Set screw--, 

'\—Soldered nut 

can be increased considerably by modifying 
the r.f. coil in the b.c. set. This is accomplished 
by winding a link of about 25 turns of No. 
28 wire on the " cold" end of the antenna coil. 
This modification, however, will reduce the 
gain on the b.c. band. One compromise is to 
use one push button only for the converter 

Panel bearing 

Switch shaft 

Side View 

Spacer 

mechanism 

8and scale 

(aluminum strip) 

Plastic dial 
plato 

and modify only the coil associated with that 
channel. 
The entire converter was wired and aligned 

with a grid-dip meter before applying power. 
Depending on the forms used, some slight altera-
tion in the number of turns shown in the coil 
table may be necessary. 

Fig. 20-9 — Bottom view of the bandswitching converter showing the switch operating mechanism 
and inverted mounting of the h.f. oscillator and mixer tubes. 
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A Mobile Converter for 28 and 50 Mc. 
The converter shown in Figs. 20-10 to 20-13 

was designed for mobile reception on 6, 10, 
and 11 meters, but it may also be used in fixed-
station work with good results. The inter-
mediate frequency is 1500 Itc., to permit its 
use with mobile broadcast receivers. 

Circuit Details 

Tho converter circuit diagram is shown in 
Fig. 20-11. A OAKS broadband r.f. amplifier 
is followed by a 6J6 mixer-oscillator. The os-
cillator circuit is the ultraudion type, operat-
ing 1500 kc. below the signal frequency. The 
need for gang-tuned circuits is eliminated by 
the broadband r.f. amplifier; thus only the os-
cillator tuning condenser, C1, requires adjust-
ment during normal tuning operation. Band 

Fig. 20-10 — A bandswitching converter for 6, 10 and 
11 meters. 'I'he pilot light at the lower right has an 
adjustable beam, for convenience in mobile work. 

changing is accomplished with a 5-section 
selector switch, shown on the diagram as 
SU, 111 C, DI E. 

Seven commercially-available coils are used, 
six of them being identical except for the set-
ting of the slugs. The wide inductance range of 
the slug-tuned units makes it possible to use 
similar coils for the r.f., mixer and oscillator 
coils for both ranges. Padder capacitance is 
added across the 10-meter r.f. and mixer coils, 
L4 and L6, and across both oscillator coils, L7 
and L4. Varying the slug position takes care 
of the necessary differences in coil inductance 
for all these positions. 
A single whip antenna may be used for both 

broadcast and amateur reception. A jumper 
connection between sections A and E of SI 
completes the circuit between the antenna and 
the broadcast receiver, with the switch in the 
position marked B.C. in Fig. 20-11. A filament 

switch, AS2, is provided to remove the load of 
the converter tubes from the car battery when 
the receiver is being used for broadcast re-
ception. 

Broadbanding of the r.f. and mixer circuits 
is accomplished through the use of low-Q coils 
and tight coupling in the antenna circuit. The 
plate coil of the mixer is self-resonant at the inter-
mediate frequency, giving a degree of broadness 
sufficient to permit tuning the receiver over a 
limited range near the high end of the broadcast 
band, providing a vernier effect. 

Construction 

All of the metal components are formed from 
;.¡ 8-inch aluminum stock. The interior view, 
Fig. 20-12, shows the " L "-shaped section 
which serves as the front panel and the bottom 
plate of the unit. The panel and the bottom 
areas are each 5 inches square. Lips, inch 
wide, are folded over along the top and side 
edges of the panel and also along the sides 
of the bottom section. The rolled-over edges 
are drilled and tapped to accommodate 6-32 
machine screws. 
A three-sided portion and a square top 

plate complete the converter cabinet. The 
sides are 5 inches square and the rear wall is 
51 s inches wide. All three sides are 5 inches 
high with ,-ineh flanges folded over on the 
top edges and drilled and tapped for 6-32 
screws. The sides and bottom edges of the case 
are drilled to clear machine screws; the holes 
should line up with the tapped holes of the 
panel-bottom assembly. A rectangular hole, 
17/8 inches high and 2 inches wide, is cut at 
the bottom left-hand corner (as seen from the 
rear of the converter) of the rear wall, to pro-
vide clearance for the cable connectors. The 
top plate for the converter measures 5 by 5 
inches. Holes, drilled along the edges, allow 
the cover to be fastened to the flanges at the 
top of the cabinet. 
The physical shape of the converter chassis 

can best be visualized by study of the interior 
views. The chassis is 5 by 47% by 1% inches in 
size, with flanges inch wide folded over 
along the front and the bottom edges to pro-
vide a means of mounting. A 23(4 X 3%-inch 
cut-out at the center of the chassis allows 
clearance for the bandswitch. A large round 
hole located in the rear, wall of the chassis 
simplifies the job of finding the oscillator 
padder condenser when this control requires 
adjustment. 
A vertical partition used as the mounting 

surface for the oscillator tuning condenser, Cn 
also serves as the shield between the plate and 
the grid circuits of the r.f. amplifier. It is 3 
inches wide and 4 VI inches high, and is notched 
to clear the main chassis and the spacer bars 
and rotor arm of the bandswitch. The parti-
tion is held in place by a spade lug which 
passes through the chassis and by a mounting 
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Fig. 20.11 — Circuit diagram of the bandswitching v.h.f. converter. 

C1 — 15-gpfd. variable reduced to one stator and 2 
rotor plates ( Millen 20015). 

Cz, Ca, Cs — 3-30-ppfd. mica trimmer ( Millen 27010). 
Cs, ( — 0.0015-pfd. ceramic (Centralab DA018002A). 
Cs, Cs — 100-pfd. ceramic (Centralab CC32Z). 
CS, CIO 10-ppfd. ceramic (Centralab CC20Z). 
Cli — 500- fil. ceramic (Centralab D6501). 
C12 — 0.01-pfd. ceramic (Centralab DA048003A). 
Ri — 220 ohms, watt. 
112, RS — 680 ohm., t¡ watt. 
113 — 1.5 megohms, !"Z watt. 
R4 — 12,000 ohms, watt. 
H5 — 17,000 ohms, 1-¡' watt. 
— 5000 ohms, 10 watts. 
12 -4 turns No. 28 d.s.c. close-wound over ground 

ends of Ls and L4. 

lip which is screwed to the bottom side of the 
cabinet. It is located 3 inches in from the front 
edge of the chassis. 
The heater switch and the pilot-light as-

sembly are mounted at the lower 
left- and right-hand corners of the 
front panel with the bandswitch at 
the center, 1% inches up from the 
bottom edge. The selector-switch 
index plate should have a rotor-
shaft length of at least 3 inches, 
and the switch wafers should be 
mounted on the shaft with the first 
separated from the index plate by 
1-inch spacers and with the second 
wafer separated from the first by 
1% inches. 
The National MCN dial is cen-

tered above the bandswitch with 
the control shaft 3 inches above the 
bottom edge of the panel. It is wise 
to cut the large mounting hole sug-
gested in the dial-mounting instruc-
tion sheet and then do the final 
fastening down of the dial after the 
tuning condenser and its mounting 

Fig. 20-12 — Interior view of the con-
verter. Only the oscillator is tuned by the 
front-panel control, eliminating tracking 
problems. 
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Lz, L4, L2, Is, L7, Ls — 6 turns No. 20 enameled wire 
close-wound on 3/5-inch diameter form; slug. 
tuned: inductance range 0.35 to 1.0 ph. (Cam-
bridge Thermionic Corp. LS3-30 Mc.). 

La — Scramble-type winding on %-inch slug-tuned 
form; inductance range 325 to 750 ph. (Cam-
bridge Thermionic Corp. LS3-1 Mc.). 

Lis — 20 turns No. 28 d.s.c. scramble-wound next to L9. 
li — Adjustable-beam dial-light assembly. 
Ji, J2 — Coaxial-cable jacks ( Arnphenol 75-PC1M). 
Ja — 3-prong cable connector (Jones P-303AB). 
RFC] — 300-ph. r.f. choke ( Millen 34300). 
S1 A, E, E, D, E — 2-gang 6-circuit bandswitch (two Cen-

tralab SS sections). 
Sz — S.p.s.t. toggle switch. 

plate have been permanently secured in place. 
The interior view of the completed converter 

shows the 6AK5 amplifier tube in front of the 
shield partition, with the grid inductances to 

-  
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the right of the tube. The padder condensers 
for 27 and 28 Mc. are mounted on the forward 
coil. From left to right across the rear of the 
chassis are the mixer-oscillator tube, five of 
the slug-tuned inductances, and the regulator 
tube. The i.f. output coil and the two oscillator 
coils are mounted below the chassis, as seen in 
the bottom view of the chassis subassembly. 
The r.f. plate coils are above the chassis to the 
left of the OB2 regulator, the 28- Mc. coil 
being the one with the trimmer condenser 
mounted across the terminals. 

Construction will be simpler if the builder 
uses coils as shown. The Type LS3 30- Mc. in-
ductors will resonate at 50 Mc. with the tube 
and circuit capacitances, and only a small 
padder capacitance is required to tune them 
to 27 and 28 Mc. 

Coaxial jacks for the antenna and i.f. output 
cables are at the rear of the chassis to the left of 
the power-cable jack. They are closely grouped 
so that the input and output cables may be 
taped together to form a common cable. 

Wiring can be done readily if the subas-
sembly method is employed. The bottom-view 
photograph of the chassis, Fig. 20-13, shows how 
the circuit components are closely grouped around 
the tube sockets, with wiring completed to the 
point of making connections to the band-switch. 
Twin-Lead of the 75-ohm type is used to make 
the connection between the antenna input jack 
and the bandswitch. The two wires enclosed in 
spaghetti at the right of the chassis in the 
bottom view are the 6.3-volt leads which go to 
the heater switch. 

Testing 

The heater requirements of the converter 
are 6.3 volts at 0.625 amp., and the plate sup-
ply should deliver 200 to 250 volts at 25 to 30 
ma. These may be drawn from the receiver 
with which the converter is to be used, or a 
separate supply may be employed. With power 
turned on, the plate voltage of t he mixer and 
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r.f. amplifier should measure 105 volts and the 
6AK5 cathode resistor should provide a drop 
of approximately 2 volts. The 6AK5 cathode 
current should be about 8.5 ma. The regulator-
tube drain will be about 8 ma. 

Alignment of the converter is made most 
simple if a calibrated signal generator is avail-
able, otherwise amateur transmitter signals of 
known frequency may be used. The r.f. and 
i.f. circuits can be peaked on background 
noise. The oscillator stage should be on the 
low side of the signal frequency. It is pos-
sible to vary the bandspread of the converter 
over a wide range. With a fairly low order of 
padder capacitance, and with the inductance 
increased by the tuning slug, the 10- and 11-
meter bands can be covered with one swing of 
the tuning dial. Anyone not interested in 11 
meters can increase the bandspread on the 
10-meter range by adding more padder capaci-
tance and by decreasing the inductance of L8. 
The converter as shown has 13 divisions of 
bandspread at 11 meters and 52 divisions at 
10 meters, wit h the logging of frequencies 
made on the B scale of the dial. Bandspread 
for the 50- Mc. band is 48 divisions on the A 
scale. This spread may be increased by the 
saine method. 
Some operators favor a selected group of 

frequencies within a band. A slight improve-
ment in the performance of the converter can 
be made in this case by peaking the r.f. ampli-
fier circuits at a favorite spot rather than at 
the center of a band. There may be a tendency 
toward regeneration, in the 50- Mc. r.f. ampli-
fier, however, if the input and plate circuits 
are peaked at precisely the same frequency, 
making stagger tuning desirable. 

Reducing Spurious Responses 

In localities where there are stations operat-
ing in the high FM band a converter or re-
ceiver having broadband r.f. stages will ex-
perience considerable interference on the 

50-Mc. range. This can be corrected 
in several ways, the simplest being 
the insertion of a 100-Mc, trap in 
the antenna lead. 

Fig. 20-13 — Construe  
of the converter is made 
easier if as much wiring as 
possible is done before the 
assembling is completed. 
'this bottom view of the 
chassis subassembly shows 
the wiring completed to 
the point of connection to 
the bandswitch. 
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A Crystal-Controlled Converter for Two-Meter 

Mobile Reception 

The 144-Mc, mobile converter shown in Figs. 
20-14 through 20-16 is designed primarily for 
mobile operation. Therefore to serve the aims of 
simplicity, compactness and low battery drain, 
some of the features that might be considered 
desirable in a home-station unit have been 
omitted. However, the cost is low and the per-
formance of the system is entirely satisfaetory, 
both as to stability and sensitivity. 

Circuit 

Since the tuning range of the usual car broad-
cast receiver is insufficient to permit coverage of 
the entire 2-meter band without changing crys-
tals, this converter is designed to work into an-
other converter which, in turn, works into the 
regular ear receiver. This second converter is 
used as a tunable i.f, and should cover the range 
of 26 to 30 Mc. to provide the necessary 4-Me. 
range to take care of the whole of the 2-meter band. 

Fig. 20-15 — Bottom view 
of the 2-meter converter. 
The coil tam at the upper 
left is the mixer plate cir-
cuit. Oseillator- Beef 
components are at the 
upper right. 

Fig. 20-14 — Top view of 
W2UTII's crystal-con-
trolled converter for 2-
meter mobile reception. 
The oscillator-multiplier 
tube and crystal are at the 
left. At the right are the 
r.f. amplifier, mixer and 
if. amplifier, looking up 
from the bottom. Because 
no external adjustments 
are needed, the converter 
may be built in almost any 
shape that will fit avail. 
able space in the ear. 

The r.f. stage uses a 6AK5, pentode connected. 
This results in a slight sacrifice in noise figure, 
compared to that obtainable with a triode, but 
with the other noises usually prevalent in mobile 
work, the ultimate in first-tube is not so impor-
tant in practice. The mixer is a 6AB4 triode. 
The oscillator is the simplest form of triode 

circuit, using a crystal at 39.33 Mc. in the first 
half of the 6J6, the second portion tripling to 
118 Mc. Crystals such as the James Knights 
JK-H17 or H-173, the Bliley BH-6, or GE 
G64B, can be readily obtained for this frequency. 
Where the mixer is a separate tube from the 

oscillator-multiplier, some injection coupling may 
be necessary, although the minimum required 
value should be used. The 1.5 mmfd. needed was 
obtained by connecting two 3-mmfd. units in series. 
The i.f, stage, using a 6AK5, employs an out-

put circuit that provides low-impedance coupling 
to the following converter. 
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The converter is built on a 5 X 5-inch chassis 

that fits inside a standard utility box. Since there 
is no adjustment required during operation, the 
unit can be built in almost any shape that can 
be fitted into available space in the car. The coils 
and condensers are mounted under the chassis, 
and once the initial adjustment is made, they 
are left alone. 

In order to isolate the input and output cir-
cuits, of the r.f. amplifier, a small right-angle 
shield is placed across the 6AK5 socket in such a 
way as to enclose the antenna coil. The shield 
may be seen in the lower left side in the bottom 
view of Fig. 20-15. The antenna is connected 
directly to the grid coil through coaxial cable. 
The mixer output coil, L4, is mounted between 

RE AMP 
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144-148 
M .  

Ls 

144-148 
C4 MC C5 

R.F. AMP MIXER OSC. I.F. AMP 
6AK5 6AB4 6 6 6AK5 

39.33 
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the 6AB4 and the i.f. amplifier tube, in the upper 
right-hand corner in the top view of Fig. 
20-14. 
At a supply voltage of 150, the converter drain 

will be about 15 ma. If a higher supply voltage is 
used, Ri.5 should be increased accordingly. Ad-
justment is straightforward. The slug in L5 is 
first adjusted for maximum background noise in 
the output of the system. Then L4 is adjusted for 
maximum response on 2-meter signals in the 
most-used part of the band. L1 can be peaked up 
by squeezing the turns together or spreading 
them apart slightly as needed. 
With a 19-inch whip good signals have been 

obtained with this converter at distances up to 
30 miles or more. 
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I.E AMP 
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Fig. 20-16 — Schematic diagram and parts list for the 
frequency than 39 Mc. are to be used an overtone oscill 

C2, Ca, Co, CIO, Cla, C14, Cis, Cis — 0.001 pfd. 
C4, Cu — 5 ppfd. 
Cd, Cs — 50 ,.dd. 
C6 — 1.5 ppfd. (two 3-ppfd. in series). 
C7 — 10 mpfd. 
Co — 30 gad. 
Cid, C17 — 4-30-ppfd. ceramic trimmer. 
Cie — 25 pmfd. 

(All fixed capacitors ceramic.) 
Ri — 150 ohms. 
R2 — 10,000 ohms. 
R3— 0.68 megohm. 
R4 — 1000 ohms. 
Rs — 3300 ohms. 
Rd — 0.1 megohm. 
R7 — 680 ohms. 
Rs — 39,000 ohms. 
R9 — 7000 ohms. 
Rio — 1500 ohms. 
1111 — 47,000 ohms. 

II 

crystal-controlled 2-meter converter. If crystals lower in 
ator circuit can be substituted for the crystal circuit shown. 

R12, RI4 — 4700 ohms. 
Ria — 0.22 megohm. 
Ris — 5600 ohms, 1 watt. (All other resistors % watt.) 
Li — 5 turns No. 16, %-inch diam., 1,¡ inch long, tapped 

at 1% turns. 
L2 — 3/2-watt resistor wound full of No. 30 enameled 

wire. 
La — 3 turns No. 16, %-inch diam., % inch long. 
L4— 10 turns No. 24 enam. on 19î2-inch diam. form 

(Millen 69041), brass slug. 
— 10 turns No. 20 enam. on j¡-inch slug-tuned form 

from BC-624 receiver. National XII-50 also 
usable. 

Ls— Ii turns No. 18, 3/2-inch diam. (B & W No. 3003 
M iniductor). 

L7 — 3 turns No. 18, 4-inch diam. 
143, L9 — ,A-watt resistor wound full of No. 18 enam. 
Ji — Coaxial fitting, female. 
— Coaxial fitting, male. 

Si — Double-pole single-throw toggle switch. 
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A Multiband Mobile Transmitter 

Fig. 20-17 — The bandswitching mobile transmitter 
installed under the dashboard of Y4 2RPU's car. 

The unit shown in Figs. 20-17 through 20-19 
is a complete bandswitching mobile transmitter, 
including modulator and covering all bands from 
4 to 29 Mc. 
The circuit diagram is shown in Fig. 20-19. 

Either crystal control or VFO is available simply 
by snapping the toggle, Si. A 6C4 is used in the 
VFO and this is the only indirectly-heated tube 
in the transmitter. All others are direct-heater 
types. The heater of the 6C4 operates from a sep-
arate circuit through 53 so that it can be left on 
during receiving periods. This cuts down initial 
drift and eliminates waiting for the cathode to 
come up to temperature before each transmission. 
VFO output is taken from the cathode tap to min-
imize loading effects on frequency. The tuning 
range of the VFO is limited to 3500 to 4000 kc. 
This makes it necessary to use crystal control 
on 11 meters, unless it is desired to extend the 
VFO range. The plate voltage for the VFO is 
stabilized by an OB2 regulator tube. 
The 5618 following the VFO may be used as 

an 80- or 40-meter crystal oscillator, or as an am-
plifier or doubler for the VFO, since the output 
circuit, C2L2, will tune to either band, one near 
maximum capacitance and the other near mini-
mum. 
The next stage, also using a 5618, may be oper-

ated as a doubler to 14 Mc., as a tripler to 21 Mc., 
or a quadrupler to 28 Mc., depending on the set-
ting of C23 which covers all three bands. This 
stage is inserted or removed from the circuit by 83. 
Thirty volts of fixed bias from the modulator-
biasing battery practically cuts off plate current 
to the 5618 when this stage is not in use. 
A 5516 is used in the final amplifier. This tube 

has the same power rating as the 2E25, but it is 
shorter physically so that it can be fitted into a 
smaller space. The use of an all-band tuner in 
the final-amplifier output circuit eliminates the 
necessity for plug-in coils or switching. 

In the audio section, a carbon microphone 
drives a triode-connected 5618 which, in turn, 
drives two 2E30s in the Class AB2 modulator. 
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Microphone voltage is obtained from the car bat-
tery through the filter consisting of C20 and Lg. 
The milliammeter, MAI, can be switched to 

read current at the important points in the cir-
cuit. When switched to position E, it can be used 
to check plate voltage for the rig's final amplifier 
stage. 

In the front-view photograph ot Fig. 20-17, the 
control knobs across the panel are, from k ft to 
right, for VFO, first 5618, second 5618, and final 
amplifier. The meter switch is to the left of the 
meter. Along the bottom are the VFO-crystal 
switch, a dual crystal socket (one socket unwired 
for a spare crystal), the frequency-multiplier 
switch, 83, microphone-control jack and the VFO 
heater switch. 

In the rear-view photograph of Fig. 20-18, the 
four tuning condensers are lined up across the 
panel, just above the chassis level. C12 is a dual 
midget Hammarlund, originally of 140 add. per 
section. To obtain the desired range, one rotor 
and two stator plates were removed from each 
section. The high-frequency coil, L4, is mounted 
vertically at the rear of the condenser, while L5 is 
placed at right angles alongside the condenser to 
minimize coupling between the two. Care should 
be taken to make sure, with a grid-dip meter, that 
the circuit when completed does not tune simul-
taneously to fundamental and harmonic fre-
quencies. This can be controlled by altering the 
coils somewhat. 
L3 is mounted vertically behind the meter. 1.2, 

at right angles, is fastened to Cg. L1 is vertical 
behind C1. The r.f. tubes are lined up across the 
center of the chassis. The 6C4 is hidden by the 
biasing battery to the right. The two 5618s are 
to the right of the 5516 final-amplifier tube. A 
baffle shield is placed between the tube and L3 
to the right. The audio components and the OB2 

Fig. 20-18 — Rear interior view of W2RPU's mobile 
transmitter, showing the arrangement of components 
on the chassis. 
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occupy the rear portion of the chassis. All small 
components are mounted underneath. The ehas-
sis measures SU inches long, 57/3 inches from front 
to back and 1 inch deep. 

Although this transmitter may he operated 
from a suitable dvnamotor. t here is an advantage 
in the use of two supplies. While the rest of the 
transmitter may be operated at 300 volts, a volt-
age of 250 is the maximum rated value for the 
2E30 modulators. A separate supply for the Class 
AB2 modulator with its varying plate current 
also improves the voltage regulation for the rest 
of the transmitter. Two 100-ma. vibrator-type 

VEO °SC.-AMP.1MR. 
5618 

4   3567M. I 

Ci — 50-ppfd. variable (National PSE-50). 
Ca — 100-ppfd. silvered mica. 
Ca, C4 — 0.001-pfd. silvered mica. 
Ca, Ca — 100-pmfd. mica. 
C7 — 0.01-pfd. mica. 
Cs, C111 Cl2, C13 — 0.001-5M. mica. 
C9, Cla — 100-gpfd. variable (National PSE-100 with 

3-inch shaft). 
Cio, CI4 — 47-ppfd. ceramic. 
Cis, C17 — 0.001.dd. 1000-volt mira. 
Cis 0.01-pfd. 1000-volt mica. 
C19 — 110-551d-per-section variable (11ammarlund 

IIFD-I40; see text). 
C21) — 25-pfd. 25-volt electrolytic. 
RI, Ra — 0.1 megohm, 3a watt. 
Ra — 56,000 ohms, watt. 
R4, Rs — 100 ohms, watt. 
Ra — 27,000 ohms, 1 watt. 
R7 — 2500 ohms, 5 watts. 
Rs — 10,000 ohms, 2 watts. 
R9 — 27,000 ohms, 2 watts. 
Ris — 2000 ohms, 2 watts. 
Ru i — 56,000 ohms. 2 watts. 
R171— 5000 ohms, 2 watts. 
Ria, RI4 — Meter shunts made of resistance wire to pro-

vide for full-scale meter reading of 100 ma. 
Ris — 0.15 megohm, 1 watt (depends on meter used). 
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power supplies, one delivering 300 volts and the 
other 250 volts, are recommended. 
The two exciter tank circuits, C5L2 and Can, 

can be resonated to the desired bands by observ-
ing grid current to the following stage. A grid cur-
rent of 2 to 3 ma. should be adequate for the mul-
tiplier stage and 3 to 5 ma. for the final. 
The antenna should be of the center-loaded 

type. The RG-8/I7 coaxial cable feeding the base 
of the antenna is tapped on L5 at a compromise 
point that serves for all hands. Some slight im-
provement can be gained by adjusting the tap 
for the band considered most important. 

OBLR.-TRPLR:-ODPLR. 

Fig. 20-19 — Circuit diagra n of ti e multiband mobile transmitter. 

L1-48 turns No. 26 enam., 1-inch diam., 1% inches 
long (may have to be slightly modified to pro-
vide proper bandspread). 

L2 — 28 turns No. 24 enam., I-inch diam., ;74, inch long. 
14-9 turns No. 20 enam., h-inch diam., 7/8" inch long. 
L4 — 16 turns No. 20 enain., diam., 74 inch long. 
La — 19 turns No. 20 enam., 1%-inch diam., 1 4,j, inches 

long, tapped 4 turns. 
Ls — 10-by. 30-ma. choke (filter). 
Bi — 30-volt battery with tap at 7 volts. 
Ji — 3-contact open-circuit microphone jack (midget). 
Ja — 6-contact connector (Jones P.306-All). 
MAI — Milliammeter, 10-ma. scale. 
RFC', R FC2 — 2.5-mh. r.f. choke (National R-50). 
RFC3— 2.5-mh. r.f. choke (National R-100U). 
Si — S.p.d.t. toggle switch. 

S.p.d.t. toggle switch. 
Sa — D.p.d.t. toggle switch. 
S4 — 2-pole 5-position rotary switch. 
Ss — Push-to-talk switch. 
Ti — Midget output transformer: single plate to 200 

ohms (mic, connected to 200 ohms). 
Ta — Single plate to p.p. grids for Class AB2. 
Ta — Modulation transformer, Class AB2. 

NoTE: 12 connections as follows: ( 1) VFO heater, (2) 
other heaters, (3) push-to-talk control to power sup-
plies, (4) -1- h.v. audio, (5) ground, (6) + h.v. r.f. 
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A Band-Changing Mobile Transmitter for 

50 and 144 Mc. 

Figs 20-20 through 20-25 show circuits and 
constructional details of a compact transmitter 
covering the 6- and 2-meter bands. Band-chang-
ing is done entirely by the panel controls. The 

unit is only 3 inches deep, and therefore is suit-
able for instrument-panel mounting. 
Output on either band may be obtained using 

crystals in the 8-, 12-, or 25-Me. ranges. Although 
it is possible to operate the 2E26 output stage at 
higher voltage, the unit is designed primarily to 
work from a 300-volt. 100-ma. supply. A single 
200-ma, supply should take care of both this unit 
and a modulator in the latter case. Changing 
from one band to the other is accomplished 
through the use of wide-range tanks in the exciter, 
and a multieircuit tuner in the output. Metering 
circuits are included. 

Circuit 

The circuit of the unit is shown in Fig. 20-22. 
Type 5763$ are used in the Tri-tet oscillator and 
the driver stage. The oscillator has a fixed cathode 

Fig. 20-21 — In this view the per. 
fated top cover has been removed 
to show the completed transmitter. 
The input and output connectors are 
on the rear chassis wall and the 5763 
subassembly is in the foreground, to 
the left of the meter switch. The Z. 
shaped partition supports C12, RFC1 
and the 2E26. Cl2 is mounted on a 
feed-through hushing. The oscillator 
tuning capacitor, Ca, is panel-mounted 
directly below C12. The output 
switch. Si is partially hidden by the 
Z-shaped plate. 'I'he multicircuit 
tuner is at the upper end of the 
chassis, just below the link timing 
condenser, Cis. 
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circuit resonant at approximately 15 Mc. C5 has 
sufficient range to tune the oscillator output cir-
cuit from 24 through 36 Me. This circuit is tuned 
to 25 Me. for 50-Mc. output from the transmitter, 

Fig. 20-20 — The crystal is 
mounted above the meter switch, 
to the left of the amplifier grid-
tuning control. The tuning knob 
for the oscillator is at the lower 
left-hand side of the output 
switch, Si. Controls for the out-
put and amplifier plate circuits 
are at the right. The unit may be 
used vertically by orientating the 
meter. Ventilating holes should 
be drilled in the end used as the 
top. 

and may be tuned to either 24 or 36 Mc. for final 
output at 144 Mc. 
The multiplier output circuit, Ci2L3, covers the 

range of 48 to 72 Mc., and operates as a doubler 
to 50 Mc., or as either a doubler or tripler (de-
pending on the oscillator output frequency) to 
72 Mc. for final output at 144 Mc. The multiplier 
is capacity-coupled to the 2E26 amplifier grid. 
This stage operates straight through at 50 Mc., 
and as a doubler to 141 Mc. A combination of 
fixed bias and grid leak is used. The value of fixed 
bias is not critical — 22 to 45 volts. The 22K 
screen resistor gives proper screen voltage over a 
supply-voltage range of 300 to 400 volts. 
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The plate tuner for the amplifier consists of a 

capacitor, C17, and inductors L4 and L6. Output 
from the amplifier is transferred to J1 by a series-
tuned circuit consisting of Cis, Lis and Si. L6 is 
electrically subdivided by a tap which connects to 
Cis. That portion of L6 above the tap provides 
output coupling at 50 Mc., and the lower section 
of the coil couples to L6 when S1 is set for 144-Mc. 
operation. 
The metering circuit uses S2, a 200-ma. d.c. 

milliammeter, and resistors Ro, Rs, RIO, R12 and 
R13. R13 is connected to Terminals E and El of 
the switch and, in turn, to Pins 7 and 8 of the 
power-input connector, J2. The latter set of con-
nections allows the plate current of an external 
modulator to be checked by the meter. 

Provision for connecting either a single or a 
pair of supplies to the transmitter is made at J2. 
If a single 300-volt pack is used for the entire 
unit, it is necessary to connect a jumper between 
Pins 3 and 5 of J2. With separate supplies for 
exciter and final, connect the 300-volt supply to 
Pin 3 and the amplifier supply to Pin 5. When a 
modulator is connected to the transmitter, con-
nect the secondary of the modulation transformer 
between Pins 5 and 8 of J2, connect to the 
2E26 to Pin 8, and then return the lead 
of the modulation-transformer primary to Pin 7. 

Construction 

A 3 X 5 X 10-inch aluminum chassis is used 
as the housing for the transmitter. The construc-
tion is made easier through the use of subassem-
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blies. Fig. 20-24, along with the sketch of Fig. 
20-23, identifies the components for the oscillator-
multiplier section. The bracket supporting the 
components has %-inch lips along the right and 
bottom edges for fastening to the chassis. The 
wire leader that later connects to C5 should be 
about 3 inches long, while the five leads that 
will be joined to J2 and 52 can be about 5 inches 
long. 

Fig. 20-21 shows a Z-shaped partition spanning 
the chassis. This can be made and installed most 
easily in two pieces overlapping and fastened 
together at the center. The height is made to 
fit the chassis depth. In Fig. 20-21, the segment 
lengths, from left to right, are 2%, 1%, and 2% 
inches. Lips are bent at the ends and along the 
bottom for fastening to the chassis. A 13'-inch 
hole is punched in the center of the segment on 
which the 2E26 is mounted, while a small feed-
through bushing (Millen 32100) is set in the other 
segment. Position this bushing so that Ci2, 

which is mounted on it, will be at the right level, 
and clear of the partition segment to the rear. 
The 2E26 socket is mounted on 5%-inch spacers. 
Prongs 1, 2, 4, 6 and 8, and the screen by-pass, 
C9, should be returned directly to ground on the 
socket side of the partition. A 2-terminal tie point 
to the rear of the socket supports the heater lead 
and the h.v. end of the screen resistor, R11. 
Mount the meter-shunt resistors across the 

terminals of 52. Join Contacts A1 and B1, and 
connect 8-inch leads to the rotor-arm contacts 
and to Stationary Contacts C1, Di. E and El. A 

AMPLIFIER 

ce 
k=c, 

R7 
22K 

C,3..50 

5763 2E26 

4r $ e 7 

.00I 

200 

Fig. 20-22 — Circuit diagram of the v.h.f. mobile transmitter. 

(Note: All resistance values in ohms. K = 1000. 
Resistors Y¡ watt, unless otherwise noted.) 
C5 — 100-55f. variable (Ilammarlund HF-100). 
Cu, Cis — 50-ppf. variable (Hammarlund HF-50). 
CI7 — 15-pd.-per-section variable (Hammarlund 11FD-

15-X). 
• — 1.9 ph., 34 turns No. 22 enam., 3d-inch diam., 

close-wound. 
Ls — 0.44 ph., 6 turns No. 20 tinned, .¡-inch 

34 inch long (B & W 3003). 
— 0.155 ph., 3 turns No. 18 tinned, 34-inch diam., 

,4) inch long (B & W 3002). 

2E26 

RFC4 
2.5 fith 

43-72mc. 

i4 V 

r 6.3 v 
E R, 

 /00- E 

5.50.7 
#44 Mc. 

L4 — 0.36 ph. (see text). 
Ls — 0.2 ph. (see text). 
Ls — See text. 
Ji — Amphenol coaxial connector. 
.12 — 8-prong male connector. 
RFC' — National type R-50 r.f. choke. 
11FC.2, RFC3— Ohmite type Z-50 r.f. choke. 
11FC.4— National type II- 100S r.f. choke. 
Si, S2 — 2-pole 6-position miniature selector switch. 

Si used as s.p.d.t. (Centralab PA-2003). 
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Fig. 20-23 — Drawing of 
the parts layout for the 
exciter subassembly. A 
and R are 2- and 5.ter-
minal tie-point strips. 

• 

+5IDE S2 

lead about 1 foot long should be soldered to 
Contact D. 

In constructing the multicircuit tuner, first 
reduce the 3006 B & W Miniductor to a total of 
14% turns. Without breaking the supporting 
bars, clip the winding at points that will leave 5 
full turns at one end and 3% turns at the opposite 
end. The 6 turns left intact between end windings 
are used as the output coupling inductance, L6. 
Short leads of No. 16 wim should now be soldered 
to the free ends of the three windings. Also, solder 
a short lead I% turns in from the 144-Me. end 
of the coupling coil. This should place the tap at 
the top of the coil when it is mounted. 
To assemble the tuner, turn C17 with the insu-

lated support bar facing toward the partition. 
Place the coil about % inch above the condenser, 
and bend the four leads from L4 and L5 into place. 
The outside ends of these sections go directly to 
the rear stator terminal of the condenser, while 
the inside lead of L5 goes to the front stator termi-
nal. The inside end of Li is grounded to the frame 
at the rear. 

In Mounting parts on the chassis, center J2 
on the rear wall 4% inches from the exciter end 

• 

Fig. 20-24— This subassem-
bly measures 21 ía by 33,4 
inches and supports most of 
the components for the ex-
citer stages. C13, with one end 
floating free, is at the upper 
right-hand corner. I'he wire 
leaders at the hott  of the 
plate connect to the oscillator 
tank, meter .4% itch and power 
connector, as shown by Fig. 
20.22. 

MULTIPLIER 

TO Cl2 

RFC2 

PIPI 2 R8 
.12 
MN 3 Jz 

of the chassis, and J1 it the lower corner of the 
amplifier end. On the panel side, the shafts for 
C17 and C18 are 1 inch from the right end. S1 is 
rent ered 2% inches from the right end, while the 
coitl rols for C5 and C12 are 4% inches in. A panel 
bearing is needed for C12, which is fitted with an 
insulating shaft coupling. The remaining two 
controls are 6% inches from the right-hand end. 
The meter is at the left-hand end. 
The subassemblies may now be positioned 

while the mounting holes are marked. The 
bracket for the 5763s is placed 3% inches from the 
left-hand end of the chassis, while the rear end 
of the Z-shaped partition comes at 5% inches 
from the same end. 

Before fastening the subassemblies in place, 
proceed with the wiring. Connect Si to L1 and J1; 
solder the tap on L6 TO Cis; mount L2 on the ter-
minals of C5; connect the rotor arms of S2 to the 
meter. 
Mount the exciter assembly and attach the 

proper loose leads to C5, J2 and 52. Mount a tie 
point at the right-hand mounting screw of the 
crystal socket, and fasten R9 between the tie point 
and Contact C of S2. Run leads to the crystal 
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Voltage and Current Chart for the V.H.F. Mobile Transmitter 

(»dilator 

'r 
Freq.., Mc. 

8.3 

12.5 

25 0 

E. 

210 

235 

210 

Ma. 

20 

15 

8.0 

12 0 

24 0 

210 

220 
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210 

20 

Plate 
Freq., Mr. 

25 

Multiplier 

—so 

20 

16 

24 

24 

18 

21 

36 

21 

— 120 

—60 

—85 

— 140 

E. 

240 
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240 

250 

1,, I Plate 
Ma. Freq., Mc. 

25 

27 

25 

50 

25 72 

255 27 

— 115 215 " 

—65 250 

.Implifier 

E. 

—190 

—210 

— 185 

—155 

— 190 

Ma. 

4 

4.5 

4 

3.2 

4 

—215 

— 110 

4.5 

3 

E. 

135 

120 

145 

170 

155 

150 

180 

Ma. 

45 

Plate 
Freq., Me. 

50 

50 144 

47 •6 

50 

socket and then mount the Z-shaped partition 
in place. 

Testing 

For 50-Me. operation, the crystal frequency 
must lie within one of the following ranges: 8.333 
to 9.0 Me.; 12.5 to 13.5 Mc.; 25.0 to 27.0 Mc. 
With a small B battery for fixed bias and a 300-
volt supply connected to the exciter, but not the 
amplifier, tuning of the exciter at 50 Mc. requires 
only that C5 and C12 be resonated at 25 and 50 
Mc. respectively. The chart shows the approxi-
mate operat ing conditions for the 5763s. 

Before testing the amplifier, turn the supply 
off and connect a jumper between Pins 3 and 5 
of J2, and connect a 115-volt 10-wat 1 lamp to the 
output connector. S1 should be set at the 50-Me. 
position. Apply power and resonate C17, indicated 
by a dip in plate current. This should come well 
toward minimum capacitance. Set C15 near full 
capacitance and retune C17 for resonance. (The 
amplifier data in the chart were taken with the 
dummy load. In operation, the currents will de-
pend upon loading.) If biasing voltages are 
checked, use a v.t.v.m., or a general-purpose test 
instrument with a radio-frequency choke in-

SPEECH 
12AX7 

006 

.t MEG 

.1 NEG. 

rolri 
20-20, 
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141-Mc. mobile transmitter. Pin numbers on Fig. 20-25— Circuit of a modulator for the 50- and 
transformer leads refer to .17 in Fig. 20-22. 

Ti — Driver transformer; parallel 6 \ 7 to Class B 6N7 grids (Stancor A-4702). 
T2 — Class B modulation transformer (Stancor A-3845; 5000-ohm tap). 

ductance of at least 1 mh. connected in series. 
In tuning up for 144-Mc. output, work with 

the exciter stages only at first, using a crystal in 
any one of the following frequency ranges: 8.0 
to 8.222 Mc.; 12.0 to 12.333 Mc.; 24 to 24.666 
Mc. If a 12-Mc, crystal is selected, the oscillator 
may be tuned to either 24 or :36 Me. In either 
case, the multiplier must be tuned to 72 Mc. by 
C17. The oscillator is always tuned to 24 Me. with 
crystals in the 8- and 24-Me. ranges. 

In checking amplifier operation at 144 Mc., 
Si must be in the 144-Me. position. The plate 
current will show a relatively small dip at reso-
nance on this band. For resonance, condensers 
C17 and C18 will be set well toward minimum 
capacitance. 

Antenna 

The tuned-link output circuit is designed for 
use with low-impedance antenna systems, so 
quarter-wave whips are recommended. A logical 
system for mobile work would make use of a two-
section 50-Mc, whip that ean be reduced to 144-
Me. dimensions by removing a top section. 

Fig. 20-25 shows the circuit of an appropriate 
modulator. 

108 

DRIVER 
6N7 

12AX7 6N7 6N7 

To pin 7 

To pin 5 

To pin 8 

ulation 
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Mobile Power Supply 

By far the majority of amateur mobile in-
stallations depend upon the ear storage battery 
as the source of power. The tube types used in 
equipment are chosen so that the filaments or 
heaters may be operated directly from the 
battery. High voltage may be obtained from 
a supply of the vibrator-transformer-rectifier 
type or from a small motor-generator operat-
ing from the battery. 

Fi/amen ts 

Because tubes with directly-heated cathodes 
(filament-type tubes) have the advantage that 
they can be turned off during receiving periods 
and thereby reduce the average load on the 
battery, they are preferred by some for trans-
mitter applications. However, the choice of 
types with direct heating is limited, especially 
among those for 6-volt operation, and the 
saving may not always be as great as antici-
pated, because directly-heated tubes may re-
quire greater filament power than those of 
equivalent rating with indirectly-heated cath-
odes. In most cases, the power required for 
transmitter filaments will be quite small com-
pared to the total power consumed. 

Plate Power 

Under steady running conditions, the vi-
brator-transformer-rectifier system and the 
motor-generator-type plate supply operate 
with approximately the same efficiency. How-
ever, for the same power, the motor-genera-
tor's over-all efficiency may be somewhat lower 
because it draws a heavier starting current. 
On the other hand, the output of the generator 
requires less filtering and sometimes trouble is 
experienced in eliminating interference front 
the vibrator. 

Converter units, both in the vibrator and 
rotating types, are also available. These operate 
at 6 or 12 volts d.c. and deliver 115 volts a.e. 
This permits operating standard a.c.-powered 
equipment in the car. Although these systems 
have the advantage of flexibility, they are less 
efficient than the previously-mentioned systems 
because of the additional losses introduced by 
the transformers used in the equipment. 

Mobile Power Considerations 

Since the car storage battery is a low-voltage 
source, this means that the current drawn 
from the battery for even a moderate amount 
of power will be large. Therefore, it is impor-
tant that the resistance of the 6-volt circuit 
be held to a minimum by the use of heavy con-
ductors, no longer than necessary, and good 
solid connections. A heavy-duty relay should 
be used in the line between the battery and 
the plate-power unit. An ordinary toggle 
switch, located in any convenient position, 

451 

may then be used for the power control. A 
second relay may sometimes be advisable for 
switching the filaments. If the power unit must 
be located at some distance from the battery 
(in the trunk, for instance) the 6-volt cable 
should be of the heavy military type. 
A complete mobile installation may draw 

30 to 40 amperes or more from the 6-volt bat-
tery. This requires a considerably increased 
demand from the ear's battery-charging gen-
erator. The voltage-regulator systems on cars 
of recent years will take care of a moderate 
increase in demand if the car is driven fair dis-
tances regularly at a speed great enough to 
insure maximum charging rate. However, if 
much of the driving is in urban areas at slow 
speed, or at night, it may be necessary to 
modify the charging system. Special commu-
nications-type generators, such as those used 
in police-car installations, are designed to 
charge at a high rate at slow engine speeds. 
The charging rate of the standard system can 
be increased within limits by tightening up 
slightly on the voltage-regulator and current-
regulator springs. This should be done with cau-
tion, however, checking for excessive generator 
temperature or abnormal sparking at the com-
mutator. The average car generator has a rating 
of 35 amperes, but it may be possible to adjust 
the regulator so that the generator will at least 
hold even with the transmitter, receiver, lights, 
heater, etc., all operating at the same time. 

Another scheme that has been used to in-
crease generator output at slow driving speeds 
is to decrease slightly the diameter of the gen-
erator pulley. This means, of course, that the 
generator will be running above normal at 
high driving speeds. Some generators will not 
stand the higher speed without damage. 

If higher transmitter power is used, it may 
be necessary to install an a.c. charging system. 
In this system, the generator delivers a.c. and 
works into a rectifier. A charging rate of 
75 amperes is easily obtained. Commutator 
trouble often experienced with d.c. generators 
at high current is avoided, but the cost of such 
a system is rather high. 
Some mobile operators prefer to use a sep-

arate battery for the radio equipment. Such a 
system can be arranged with a switch that cuts 
the auxiliary battery in parallel with the car 
battery for charging at times when the car 
battery is lightly loaded. The auxiliary battery 
can also be charged at home when not in use. 
A tip: many mobile operators make a habit 

of carrying a pair of heavy cables five or six 
feet long, fitted with clips to make a connec-
tion to the battery of another car in case the 
operator's battery has been allowed to run too 
far down for starting. 

(See power-supply chapter, vibrator supplies.) 
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The Mobile Antenna 

For mobile operation in the range between I .s 
and 30 Mc., the vert irai whip antenna is almost 
universally used. Since longer whips present 
mechanical difficulties, the length is usually lim-
ited to a dimension that will resonate as a quarter-
wave antenna in the I 0-meter band. The ear body 
serves as the ground connection. This antenna 
length is approximately 8 feet. 

Fig. 20-26— The quarter. 
wave whip at resonance will 
show a pure resistance at the 
feed point X. 

With the whip length adjusted to resonance in 
the 10-meter band, the impedance at the feed 
point, X, Fig. 20-26, will appear as a pure re-
sistance at the resonant frequency. This resist-
ance will be composed almost entirely of radiation 
resistance (see index), and the efficiency will be 
high. However, at frequencies lower than the 
resonant frequency, the antenna will show an 
increasingly large capacitive reactance and a 
decreasingly small radiation resistance. 

Fig. 20-27— At frequencies below the resonant fre-
quency, the whip antenna will show capacitive react-
ance as well as resistance. RR is the radiation resistance, 
and CA represents the capacitive reactance. 

The equivalent circuit is shown in Fig. 20-27. 
For the average 8-ft. whip, the reactance of the 
capacitance, (7A, may range from about 150 ohms 
at 21 Mc. to as high as 8000 ohms at 1.8 Mc., 
while the radiation resistance, RR, varies from 
about 15 ohms at 21 Mc. to as low as 0.1 ohm at 
1.8 Mc. Since the resistance is low, considerable 
current must flow in the circuit if any appreciable 
power is to be dissipated as radiation in the re-
sistance. Yet it is apparent that little current 
can be made to flow in the circuit so long as the 
comparatively high series reactance remains. 

Fig. 20-28 — The capacitive 
reactance at frequencies lower 
than the resonant frequency 
of the whip can he canceled 
out by adding an equivalent 
inductive reactance in the 
form of a loading coil in series 
with the antenna. 

CHAPTER 20 

Eliminating Reactance 

The rapavitive reactanve can be canceled out 
by connect ing an equivalent inductive reactance, 
/4,, in series, as shown in Fig. 20-28, thus tuning 
the system to resonance. 

Unfortunately, all eoils have resistance, and 
this resistance will be added in series, as indi-
cated at Rc in Fig. 20-29. While a large coil may 
radiate some energy, thus adding to the radiation 
resistance, the latter will usually be negligible 
compared to the hiss resistance introduced. How-
ever, adding the coil makes it possible to feed 
power to the circuit. 

Ground Loss 

Another element in the circuit dissipating 
power is the ground-loss resistance. Fundamen-
tally, this is related to the nature of the soil in 
the area under the antenna. Little information 

Fig. 20-29— Equivalent circuit of a loaded whip an-
tenna. CA represents the capacitive reactance of the 
antenna, Li, an equivalent inductive reactance. Bc is 
the loading-coil resistance, RG the ground-loss resist-
ance, and RR the radiation resistance. 

is available on the values of resistance to be 
expected in practice, but some measurements 
have shown that it may amount to as much as 
10 or 12 ohms at 4 Mc. At the lower frequencies, 
it may constitute the major resistance in the 
circuit. 

Fig. 20-29 shows the circuit including all of the 
elements mentioned above. Assuming CA lossless 
and the loss resistance of the coil to be represented 
by Rc, it is seen that the power output of the 
transmitter is divided among three resistances — 
Bi-, the coil resistance: /?G, the ground-loss re-
sistance: and RR, the radiation resistance. Only 
the )ower dissipated in ko is radiated. The power 
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Fig. 20-30 — Graph showing the approximate capaci-
tance of short vertical antennas for various diameters 
and lengths. These values should be approximately 
halved for a center-loaded antenna. 
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Approximate Values for 8-ft. Mobile Whip 

Base Loading 

1 1.•. Loading R. ( Q50) Rt. ( Q300) lin Feed R* Matching 
Ohms Ohms Ohms Ohms Liiii.* 

1800 343 77 13 0.1 23 3 

3800 77 37 6.1 0.35 16 1.2 

7200 20 18 
- 

3 1.35 15 0.6 

4.5 
- 

1.3 5.7 14,100 
_ 

7.7 12 0.28 

21,250 1.25 3.4 0.5 14.8 16 0.28 

29 ,000 ... . . . . . .... 36 0.23 

Center Loading 

1800 700 158 23 0.2 34 3.7 

3800 150 72 12 0.8 22 1.4 
-  
40 36 3 19 0.7 7200 6 

14,200 
._ 

8.6 15 2.5 II 19 0.35 

'1 , , 2_60  2.5 6.6 1.1 27 29 0.29 

Rc = Loading-coil resistance; RR = Radiat'on resistance. 
*Assuming loading coil Q = 300, and including estimated ground-loss 

resistance. 

Suggested coil dimensions for the required loading inductances are shown in a 
1, Mowing table. 

developed in /4; and RO is dissipated in heat. 
Therefore, it is important that the latter two 
resistances be minimized. 

e MINIMIZING LOSSES 
There is little that can be done about the 

nature of the soil. However, poor electrical con-
tact between large surfaces of the ear body, and 
especially between the point where the feed line 
is grounded and the rest of the body, can add 
materially to the ground-loss resistance. For 
example, the feed line, which should lie grounded 
as close to the base of the antenna as possible. 
may be connected to the bumper, while the 
bumper may have poor contact with the rest of 
the body because of rust or paint. 

Loading Coils 

The accompanying table shows the approxi-
mate loading-coil inductance required for tlic 
various bands. The graph of Fig. 20-30 shows the 
approximate capacitance of whip antennas 01 

various average diameters and lengths. For 1.8, 
4 and 7 Mc., the loading-coil inductance required 
(when the loading coil is at the base) will be ap-
proximately the inductance required to resonate 
in the desired band with the whip capacitance 
taken from the graph. For 14 and 21 Mc., this 
rough calculation will give more than the re-
quired inductance, but it will serve as a starting 
point for final experimental adjustment that 
must always be made. 

Also shown in the table are approximate values 
of radiation resistance to be expected with an 

453 
8-ft. whip, and the re-
sistances of loading coils 
- one group having a Q 
of 50, the other a Q of 300. 
A comparison of radiation 
and coil resistances will 
show the importance of 
reducing the coil resist-
ance to a minimum, espe-
cially on the three lower-
frequency bands. 
To minimize loading-

coil loss, the coil should 
have a high ratio of 
reactance to resistance, 
i.e., high Q. A 4-Mc, load-
ing coil wound with small 
wire on a small-diameter 
solid form of poor qual-
ity, and enclosed in a 
metal protector, may have 
a Q as low as 50, with a 
resistance of 50 ohms or 
more. High-Q coils require 
a large conductor, " air-
wound" construction, 
turns spaced, the best 
insulating material avail-
able, a diameter not less 
than half the length of the 
coil (not always mechan-

ically feasible), and a minimum of metal in the 
field. Such a coil for 4 Mc. may show a Q of 300 
or more, with a resistance of 12 ohms or less. This 
reduction in loading-coil resistance may be equiv-
alent to increasing the transmitter power by 3 
times or more. Most low-loss transmitter plug-in 
;oils of the 100-watt size or larger, commercially 
produced, show a Q of this order. Where larger 
nductance values are required, lengths of low-
loss space-wound coils are available (B & W). 

Suggested Loading-Coil Dimensions 

lico'd 
Turns 

;fire Diam. Length Form or 
I. h . Size In, In. B & IV Type 

7,SJ 190 22 3 10 Polystyrene 

345 135 18 3 10 Polystyrene 

150 100 16 2% 10 Polystyrene 

77 75 14 2% 10 Polystyrene 
77 29 12 5 4% 160T 

40 28 16 2% 2 80B less 7 t. 
40 34 12 2% 4% 80T 

17 16 2% 1% 80B less 18 t. 
22 12 2% 2% 80T less 12 t. 

8.8 16 14 2 2 40B less 4 t. 
8.8 15 12 2% 3 40T less 5 t. 

-- --
4.6 14 10 2 1% 40B less 10 t. 
4.6 12 12 2% 4 40T 

2.6 8 12 2 2 I5B 
2.6 8 6 2% 4% 15T 

1.25 6 
- 
1% 2 10B 12 

1.25 6 6 2% 4% IOT 
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Center Loading 

The radiation resistance of the whip can be 
approximately doub leel by placing the loading 
coil at the center of the whip, rather than at the 
base, as shown in Fig. 20-31. (The optimum posi-
tion varies with ground resistance. The center is 
optimum for average ground resistance.) how-
ever, the inductance of the loading coil must be 

• 
Fig.20-31— Placing the load-
ing coil at the center of the 
whip antenna, instead of at 
the base, increases the radia-
tion resistance, although a 
larger coil must he used. 

approximately doubled over the value required 
at the base to tune the system to resonance. For a 
coil of the same Q, the coil resistance will also lw 
doubled. But, even if this is the case, center 
loading represents a gain in antenna efficiency, 
especially at the lower frequencies. This is because 
the groun(l-loss resistance remains the same, and 
the increased radial it ) 11 resistance becomes a 
larger portion of the total cirmit resistance. even 

Fig. 20-32 The top-hm.1,1 I- \ 1.•. WIth used by 
W6SCX. The loading coil \\ transmitting coil. 
The coil can be tuned by the variable link which is 
connected in series with the two halves of the coil. 

CHAPTER 20 

though the coil resistance also increases. How-
ever, as turns are added to a loading coil (other 
factors being equal) the inductance (and there-
fore the rea('tance) increases at a greater rate titan 
the resistance, and the larger coil will usually 
have a higher Q. 

Top Loading Capacitance 

Since the coil resistance varies with the induct-
ance of the hurling ti di, the mil resistance can 
be reduced by reducing the number of turns. 
This ran be done, while still maintaining reso-
nance, by adding en pacitance to the portion of 
the antenna al ove tie toil. Titis caparitance ran 
be provided by a ttarhing a raparitive surfare 

110 

CYLINDER 

SPHERE 

DISC 

10 IS 20 25 30 35 40 45 50 55 60 

DIAMETER INCHES 

Fig. 20-33 — Capacitann, ti spheres, disks and cylin-
ders in free space. '1111-. S :dues are approximately those 
to be expected when used s, it la top-loaded whip anten-
nas. The cylinder length assunted to be equal to its 
diameter. 

as high up on the antenna as is mechanically 
feasiltle. Capacitive " hats," as they are usually 
called, may consist of a light-weight metal ball, 
cylinder, disk, or wheel structure as shown in 
Fig. 20-32. Fig. 20-33 shows the approximate 
added capacitance to he expected front top-
loading devices of various forms and dimensions. 
Titis should lw added to the capacitance of the 
whip above tin' loading coil (from Fig. 20-30) in 
determining the approximate inductance of the 
loading coil. 
When renter loading is used, the amount of 

capacitance to lw added to permit the use of the 
same loading intlurtance required for base loading 
is not great. and should be seriously considered, 
situe the total gain made by moving the roil to 
the venter of the antenna may be quite marked. 

Tuning the Band 

Especially at the lower frequencies, where the 
resistance in the circuit is low compared to the 
coil reactance, the antenna %NM represent a very 
high-Q circuit, making it nevessary to retune for 
relatively small changes in frequency. While 
many methods have been devised for tuning the 
whip over a band, one of the simplest and most 
efficient is shown in the sketches of Figs. 20-3-1 
and 20-35, and the photograph of Fig. 20-37. In 
this case, a standard B & W plug-in coil is used as 
the loading coil. A length of large-diameter 
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C:1-->—)yedeit;   

380onc. 

Washers 

tower Washer 

Upper Washer 

Meier Nark 

t-- 4000kt. Cat Nark 

Upper Antenna Ser/ion 

Center 

Caoene 
---to 

Lower Ant. Section 

Fig. 20-34 — Details of rod construction. Dimensions 
can lee varied to suit the whip diameter and the builder's 
eon % enienee. Adjustment of rod lengths is described in 
the text. 

polystyrene rod is drilled and tapped to fit be-
tween the upper and lower sections of the an-
tenna. The assembly also serves to clamp a pair 
of metal brackets on each side of the polystyrene 
block that serve both as support and connections 
to the loading-coil jack bar. 
A 3/8-inch steel rod, about 15 inches long, is 

brazed to each of two large-diameter washers 
with holes to pass the threaded end of the upper 
section. The rods form a loading capacitance that 
varies as the upper rod is swung away from the 
lower one, the latter being stationary. Enough 
variation in tuning can be obtained to cover the 
80-meter band. Fig. 20-34 shows the top washer 
slight ly smaller to facilitate marking a frequency 
scale on the stationary washer, after the upper 

Upper Section 

77/0/09 Reis , 
gl'Ora/ Rod 

Poly. Bronze Alma. 

dock 
Bar 

Fig. 20-35 — Construction details of the mounting for 
the rods and plug-in coil. 
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washer has been marked with an index. After the 
movable rod has been set, it is clamped in posi-
tion by tightening up the upper antenna section. 
The plug-in mounting provides a convenient 
means of changing loading coils to go to another 
band. 

e FEEDING THE ANTENNA 
It is usually found most convenient to feed 

the whip antenna with coax line. Unless very 
low-Q loading coils are used, the feed-point im-
pedance will always be appreciably lower than 
52 ohms — the characteristic impedance of the 
commonly-used coax line, RG-8/U or IIG-58/U. 
Since the length of the transmission line will 
seldom exceed 10 ft., the losses involved will be 
negligible, even at 29 Mc., with a fairly-high s.w.r. 
However, unless a line of this length is made 
reasonably fiat, difficulty may be encountered in 
obtaining sufficient coupling with a link to load 
the transmitter output stage. 
One method of obtaining a match is shown in 

Fig. 20-36. A small inductance, Lm, is inserted at 

• 

Fig. 20-36 — A method of 
matching the loaded whip to 
52-ohm coax cable. Li, is the 
loading coil and LM the 
matching coil. 

• 

the base of the antenna, the loading-coil induct-
ance being reduced correspondingly to maintain 
resonance. The line is then tapped on the coil at a 
point where the desired loading is obtained. The 
table shows the approximate inductance to be 
used between the line tap and ground. It is ad-
visable to make the experimental matching coil 
larger than the value shown, so that there will 
be provision for varying either side of the proper 
position. The matching coil can also be of the 
plug-in type for changing bands. 

Adjustment 

For operation in the bands from 29 to 1.8 Me., 
the whip should first be resonated at 29 Mc. with 
the matching coil inserted, but the line discon-
nected, using a grid-dip oscillator coupled to the 
matching coil. Then the line should be attached, 
and the tap varied to give proper loading, using 
a link at the transmitter end of the line whose 
reactance is approximately 52 ohms at the oper-
ating frequency, tightly coupled to the output 
tank circuit. After the proper position for the tap 
has been found, it may be necessary to readjust 
the antenna length slightly for resonance. This 
can be checked on a field-strength meter several 
feet away from the car. 
The same procedure should be followed for each 

of the other bands, first resonating, with the 
g.d.o. coupled to the matching coil, by adjusting 
the loading coil. 
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After the position of the matching tap has been 
found, the size of the matching coil can be re-
duced to only that portion bet wets) the tap and 
ground, if desired. If turns are removed here, it 
will be necessary to reresonate with the loading 

coil. 
If an entirely flat line is desired, a s.w.r. indi-

cator should be used while adjusting the line tap. 
With a good match, it should not be necessary to 
readjust for resonance after the line tap has been 
set. 

It should be emphasized that the figures shown 
in the table are only approximate and may be 
altered considerably depending on the type of 
car on which the antenna is mounted and the spot 
at which the antenna is placed. 

• ANTENNAS FOR 50 AND 144 MC. 
A common type of antenna etn fo r 
mobile .or mobile operation on 50 and 141 NI v. is the 
quarter-wave radiator which is fed with a 
coaxial line. The antenna, which may be a 
flexible telescoping " fish pole,'' is mounted in 
any of several places on the car. Quite a good 
match may be obtained by tlis method with 
the 50-ohm coaxial line low available; how-
ever, it is well to provide some means of tun-
ing the system, so that till variables can be 
taken care of. The simplest tuning arrange-

CHAPTER 20 

Fig. 20-37 — NASAL: :\ 's ad-
justable rapacity hat for tun-
ing the whip antenna over a 
band. The coil is a B & Vt 
type B 160.meter coil, ith a 
turn or two removed. Spread-
ing the rods apart increases 
the capacitance. This simple 
top loader has sufficient ca-
pacitance to permit the use of 
approximately the same load-
ing-coil inductance at the 
center of the antenna as 
would normally be required 
for base loading'. 

ment consists of a variable condenser con-
nected between the low side of the transmit-

Fig. W-38 — Method of feeding quarter.wave 
mobile antennas with coaxial line. Cu should 
have a maximum capacitance of 75 to 100 mad. 
for 28. and 5Ø.l'. work. 14 is an adjustable link. 

ter coupling coil and ground, as shown in Fig. 
20-38. This condenser should have a maximum 
capacitance of 75 to 100 ;Lead. for 50 Mc., and 
should be adjusted for maximum loading with 
the least coupling to the transmitter. Some 
method of varying the coupling to the trans-
mitter should be provided. 
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CHAPTER 21 

Measurements 
It is practically impossible to operate an 

amateur station without making measurements 
at one time or another, even though the methods 
used may he quite crude. An example of a simple 
measurement is one that determines whether an 
amPlifier stage in a transmit ter is properly tuned: 
it can be done with no more elaborate equipment 
than a flashlight lamp and a piece of wire, but 
whatever the method used, a measurement is es-
sential because the circuit itself gives no visible 
indication of the state of its tuning. The more re-
fined the measuring equipment and methods, the 
more information can be obtained, and with more 
information at hand it becomes possible to adjust 
a piece of equipment for optimum performance 
more quickly and surely. .Measuring  and test 
equipment is especially valuable in building and 
in the initial adjustment of radio gear, and in 
locating and correcting breakdowns and faults. 
The basic measurements are those of current, 

voltage, and frequency. Determination of the 
values of circuit elements — resistance, induct-
ance and capacitance — are almost equally im-
portant. The inspection of waveform in audio-
frequency circuits is highly useful. For these pur-

poses there is available a wide assortment of in-
struments, both complete and in kit form; the 
latter, particularly, compare very favorably in 
cost with strictly home-built instruments and are 
frequent ly more satisfactory both in appearance 
and ralihration. The instruments described in 
this chapter are ones having features of particular 
usefulness in amateur applications. 

In using any instrument it should always be 
kept in mind that there is no such thing as an 
"absolute" measurement, and that measure-
ments depend not only on the inherent accuracy 
of the instrument itself (which, in the case of 
commercially built units is usually within a few 
per cent, and in any event should be specified by 
the manufacturer) but also the conditions under 
which the measurement is made. Large errors can 
he introduced by failing to recognize the existence 
of conditions that affect the instrument readings. 
The instrument can only record what it sees — 
and what it sees may be something quite different 
from what the operator thinks it sees. This is 
particularly true in certain types of r.f. measure-
ments, where there are many stray effects that 
are hard to eliminate. 

D.C. Measurements 

A direct-current instrument — voltmeter, am-
meter, milliammeter or microammeter — is a 
device in which magnetic force is used to deflect 
a pointer over a calibrated scale in proportion to 
the current flowing. In the D'Arsonval type a 
coil of wire, to which the pointer is attached, is 
pivoted between the poles of a permanent mag-
net, and when current flows through the coil it 
causes a magnetic field that interact s wit h that 
of the magnet to cause the coil to turn. The turn-
ing force is exerted against a spiral spring at-
tached to the coil and the pointer deflection is 
directly proportional to the current. 
A less expensive type of instrument is the 

moving-vane type, in which a pivoted iron vane 
is pulled into a coil of wire by the magnetic field 
set up when eurrent flows through the coil. The 
farther the vane ex tent Is into the coil the greater 
the magnetic force on it, for a given change in 
current, so this type of instrument does not have 
"linear" deflection — that is, the scale is cramped 
at the low-current end and spread out at the high-
current end. 
The same basic instrument is used for measur-

ing either current or voltage. Good-quality in-
struments are made with fairly high sensitivity — 
that is, they give full-scale pointer deflection 
with very small currents — when intended to be 
used as voltmeters. The sensitivity of instru-

ments intended for measuring large currents can 
be lower, but a highly sensitive instrument can 
be, and frequently is, used for measurement of 
currents much greater than needed for full-scale 
defleetion. 

e VOLTMETERS 
Only a fraction of a volt is required for full-

scale deflection of a sensitive instrument (1 mil-
liampere or less full scale) so a high resistance is 
connected in series with it, Fig. 21-1, for measur-

SHUNT 

Fig. 21-1 — How voltmeter multipliers and milliam-
meter shunts are connected to extend the range of a 
d.c. meter. 

ing voltage. Knowing the current and the resist-
ance, the voltage can easily be calculated from 
Ohm's Law. The meter is calibrated in terms of 
the voltage drop across the series resistor or 
multiplier. Practically any desired full-scale 
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voltage range can be selected by proper choice of 
multiplier resistance, and voltmeters frequently 
have several ranges seleeted by a switch. 
The sensitivity of the volt meter is usually ex-

presse (I in "ohm's per volt. - A sensitivity of 1000 
ohms per volt means t hat the resistance of the 
voltmeter is 1000 times the full-scale voltage. 
and by Ohm's Law the current required for full-
scale deflection is 1 milliampere. A sensitivity of 
20,000 ohms per volt, another commonly used 
value, means that the instrument is a 50-micro-
ampere meter. The higher the resistance of the 
voltmeter the more accurate the measurements 

100V. 

250V 
Full 
Scale 

150K 

1 Ma. 
250V, 

1000 0/v. Meter reads app. 71V. 

20K ^/v. Meter reads app. 98V. 

II Meg. Meter reads app. 99V. 

Fig. 21-2 — Effect of voltmeter resistance on accuracy 
of readings. It is assumed that the d.c. resistance of the 
screen circuit is constant at 100 kilohms. The actual 
current and voltage without the voltmeter connected 
are 1 nia. and 100 volts. The voltmeter readings will 
differ because the different types of meters draw differ-
ent amounts of current through the 150-kilohm resistor. 

in high-resistance circuits, because the current 
taken by the voltmeter may cause the voltage to 
differ from its value with the voltmeter discon-
nected. This is shown in Fig. 21-2. 
The required multiplier resistance is found by 

dividing the desired full-scale voltage by the cur-
rent, in amperes, required for full-scale deflection 
of the meter alone. Strictly, the internal resist-
ance of the meter should be subtracted from the 
value so found, but this is seldom necessary (ex-
cept perhaps for very low ranges) because the 
meter resistance will be negligibly small compared 
with the multiplier resistance. An exception is 
when the instrument is already providt•d with an 
internal multiplier, in which case the multiplier 
resistance required to extend the range is 

R = R.(n — 1) 

where R is the multiplier resistance, R. is the 
total resistance of the instrument itself, and n is 
the factor by which the scale is to be multiplied. 
For example, if a 1000-ohms-per-volt voltmeter 
having a calibrated range of 0-10 volts is to be 
extended to 1000 volts, R. is 1000 X 10 = 
10,000 ohms, n is 1000/10 = 100, and I? = 
10,000(100-1) = 990,000 ohms. 

If a milliammeter is to be used as a volt-
meter, the value of series resistance can be 
found by Ohm's Law: 

1000E  
R = 

where E is the desired full-scale voltage and / 
the full-scale reading of the instrument in 
milliamperes. 
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The accuracy of a voltmeter depends on the 
calibration accuracy of the instrument itself and 
the accuracy of the multiplier resistors. Precision 
wire-wound resistors are used in high-quality 
instruments, but for most purposes standard M-
or 1-watt composition resistors will make an 
acceptable aml economical substitute. Such 
resistors are supplied in tolerances of 5, 10 or 20 
Per cent ± the marked values. By obtaining 
matched pairs from the dealer's stock, one of 
which is, for example, 4 per cent low while the 
other is 4 per cent high, and using the pairs in 
parallel or series to obtain the required value of 
resistance, good accuracy can be obtained at 
small cost. High-voltage multipliers are prefer-
ably made up of several resistors in series; this not 
only raises the breakdown voltage but tends to 
average out errors in the individual resistors 
attributable to manufacturing tolerances. 

• MILLIAMMETERS AND AMMETERS 
A microammeter or millianuneter can be used 

to measure currents larger than its full-scale 
reading by connecting a resistance shunt across 
its terminals as shown in Fig. 21-1. This diverts 
part of the current through the shunt, and the 
total current is the sum of that through the shunt 
and that through the meter. Knowing the meter 
resistance and the shunt resistance, the relative 
currents can easily be calculated. 
The value of ;hunt resistance required for a 

given full-scale current range is given by 

R = 
n — 1 

where I? is the shunt, R. is the internal resistance 
of the meter, and n is the factor by which the 
original meter scale is to be multiplied. The in-
ternal resistance of a milliammeter is preferably 
determined from the manufacturer's catalog, but 
if this information is not available it can be deter-
mined by the method shown in Fig. 21-3. Do not 
use an ohmmeter to measure the internal resist-
ance of a milliammeter; it may ruin the instru-
ment. 

R. 

Fig. 21-3 — Determining the internal resistance of a 
milliammeter or microammeter. Ut is an adjustable 
resistor having a maximum value about twice that 
necessary for limiting the current to full scale with 82 
disconnected; adjust it for exactly full-scale reading. 
Then connect R2 and adjust it for exactly half-scale 
reading. The resistance of 82 is then equal to the in-
ternal resistance of the meter, and the resistor may be 
removed from the circuit and measured separately. 
Internal resistances vary from a few ohms to several 
hundred ohms, depending on the sensitivity of the 
instrument. 



MEASUREMENTS 459 
Homemade milliammeter shunts can be con-

structed from any of the various special kinds 
of resistance vire, or from ordinary copper 
wire if no resistance wire is available. The ( l'opper 
Wire Table in the data chapter gives the resist-
ance per 1000 feet for various siz(•s of copper 
wilt. After computing the resistance requin•d, 
determine the smallest wire size that %yin Carry 
the full-scale eurrent (at 250 eireular mils per 
ampere). NIeasure oil enough wire (pulled tight 
but not st rut ( lie( I) to provide the required resist-
ance. Accuracy can be checked by causing enough 
current to flow through the meter to make it read 
full scale without the shunt connerting the shunt 
511001d then give the correet reading on the new 
full-settle range'. 
Any eurrent-measuring instrument 5110111(1 

have very low resistance eompared with the re-
sistance of the circuit being measured; other-
wise. inserting the instrument will valise the 
current to differ from its value with the instru-
ment out of the circuit. (This does not matter if 
the instrument is left permanently in the circuit.) 

Fig. 21-1— Voltmeter method of measuring current. 
This method permits using relatively large % aloe r ii 

resistance in the shunt, standard valui; of fixed resistiirs 
frequently being usable. If the multiplier resistance i-
times the shunt resistance (or more) the error in assum-
ing that all the current flows through the si  will not 
be of consequence in most practical applicati llll s. 

However, the resistance of many circuits in radio 
equipment is quite high and the circuit operation 
is affected little, if at all, by adding as much as a 
few hundred ohms in series. In such eases the 
voltmeter method of measuring current, shown in 
Fig. 21-4, is frequently convenient. A voltmeter 
— or low-range milliammeter provided with a 
multiplier and operating as a voltmeter — having 
a full-scale voltage range of a few volts, is used to 
measure the voltage drop across a compara-
tively high resistance acting as a shunt. The 
formula above is used for finding the proper 
value of shunt resistance for a given scale-multi-
plying factor, R. in this case being the multiplier 
resistance. 

D.C. Power 

Power in direct-current circuits is determined 
by measuring the current and voltage. When 
these are known, the power is equal to the voltage 
in volts multiplied by the current in amperes. If 
the current is measured with a milliammeter, the 
reading must be divided by 1000 to convert it to 
amperes. 

• RESISTANCE MEASUREMENTS 
Measurement of d.c. resistanee is based on 

measuring the current through the resistance 
when a known voltage is applied, then using 
Ohm's Law. A simple circuit is shown in Fig. 21-5. 

Fig. 21-5— -Nleasuring resistance with a voltmeter and 
milliammeter. If the approximate resistance is known 
the voltage can lie selected to cause the millianuneter, 
11.•1„ to read about half scale. If not, additional resist-
ance si lui be tir-t connected in series with R to limit 
the current to .1 ,ife alun' for the milliammeter. The 
set-up then 111,1.111,.. t he total resistance, and the value 
of R can lie found lo ubtraeting the known additional 
resistance fr he total. 

The internal n•sista tire of the ammeter or milliam-
meter, .1/.1, should be low compared with the re-
sistance. R. r ii g mmsurr since the voltage 
rear I 11V the voltmeter, I is the voltage across 
.1/.1 turd 1? in secil 5. Th(• ¡ list rumetits and the dc. 
vr It age edmold chosrm so that the readings are 
it} the upper half of the sca IV, if possible, since the 
perpt • nt age error is less in t his region. 

Art ohmmeter is an instrument consisting 
fumlamentallv of a voltmeter (or milliammeter, 
depending on the circuit use(l) and a small dry 
battery as a source of ( 1.c. voltage, calibrated so 
the value of an unknown resistance can be read 

(A) 

\AAA, 

(B) 

(C) 

(Unknown) 

Fig. 21-6 — Ohmmeter circuits. Values arc discussed in 
the text. 
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directly from the scale. Typiral ohmmeter cir-
cuits are shown in Fig. 21-6. In the simplest type, 
shown in Fig. 21-6A. the meter and battery are 
connected in series with the unknown resistance. 
If a given deflection is obtained with terminals 
A-B shorted, inserting the resistance to be meas-
ured will cause the meter reading to decrease. 
When the resistance of the voltmeter is known, 
the following formula can be applied• 

= — eRrn n 
— 

where R is the resistance limier measurement, 
e is the voltage applied (A-B shorted), 
E is the voltmeter reading with con-

nected, and 
R„ is the resistance of the voltmeter. 

The circuit of Fig. 21-6A is not suited to 
measuring low values of resistance (below a 
hundred ohms or so) with a high-resistance 
voltmeter. For such measurements the circuit 
of Fig. 2I-6B can be used. The milliammeter 
should be a 0-1 ma. instrument, anti RI should 
be equal to the battery volt age, e, multiplied 
by 1000. The unknown resistance is 

10R,„  
R — 

It — 12 

where k is the unknown, 

1?,„ is the internal resistance of the 
milliammeter, 

Ii is the current in ma. with /i discon-
nected from terminals .4-B, and 

/2 is the current ill ma. with le con-
nected. 

The formula is approximate, but the error will 
be negligible if e is at least 3 volts so that RI is 
at least 3000 ohms. 
A third circuit for measuring resistance is 

shown in Fig. 21-6C. In this ease a high-resist-
ance voltmeter is used to measure the voltage 
drop across a reference resistor, 115, when the 
unknown resistor is connected so that current 
flows through it, 112 and the battery in series. By 
suitable choice of R2 (low values for low resist-
ance, high values for high-resistance unknowns) 
this circuit will give equally good results on all 
resistance values in the range from one ohm to 
several megohms, provided that the voltmeter 
resistance, I?„, is always very high (50 times or 
more) compared with the resistance of 112. A 
20,000-ohms-per-volt instrument (50-aamp. 
movement) is generally used. Assuming that the 
current through the voltmeter is negligible 
compared with the current through R 2, the 
formula for the unknown is 

„ el/o 
IL = 1(2 

where R and 112 are as shown in Fig. 21-6C, 

e is the voltmeter reading with A-B 
shorted, and 

E is the voltmeter reading with R 
connected. 

The " zero adjuster," RI, is used to set the 

voltmeter reading exactly to full :scale when the 
meter is calibrated in ohms. A 10,000-ohm 
variable resistor is suitable with a 20,000-
ohms-per-volt meter. The battery voltage is 
usually 3 volts for ranges up to 100,000 ohms 
or so and 6 volts for higher ranges. 

Combination Instruments 

Since the same basic instrument is used for 
measuring current, voltage and resistance, the 
three functions ean readily he combined in one 
unit using a single meter. Various models of the 
"VOM" (volt-ohm-milliammeter) are available 
commercially, the less expensive ones using a 
0-1 milliammeter. A simple circuit based on such 
a meter is shown in Fig. 21-7. It has five current 

Fig. 21-7 — Diagram of the volt-ohm-milliammeter. 
IIi — 2000-ohm wire-wound variable. 
li2 — 3000 ohms, Vz watt. 
ila — 10-ma. shunt, 6.11 ohms (see text). 
H4 — 100-ma. shunt, 0.555 ohm (see text). 
Its — 1000-ma. shunt, 0.055 ohm (see text). 
He — 1000.volt multiplier, 0.9 megohm, matt. 
117 — 100-volt multiplier, 90,000 ohms, 2 watt. 
Its — 10-volt multiplier, 10,000 ohms, 2 watt. 
B — 4.5-volt dry battery. 
Sip -B - 9-point 2-pole selector switch. 
MA — 0-1 milliammeter, 

ranges, from 1 ma. to 1 ampere, three voltage 
ranges, 10 volts to 1000 volts, and two resistance 
ranges. Fig. 21-8 shows the ohmmeter calibra-
tion; the low-ohms curve is for a meter having an 
internal resistance of 55 ohms and should be 
calculated from the formula above (Fig. 21-6B) 
for instruments of different resistance. 

Ordinary carbon resistors can be used as volt-
meter multipliers, connecting them in series or 
parallel to obtain a given value. The 10-, 100-
and 1000-ma. shunts can be made of copper wire 
wound on small forms. The approximate lengths 
and sizes of the wire for the shunts are as follows: 
R3, 9 feet No. 38 enameled; R4, 5 feet No. 30 
enameled: 115. 8y2 feet No. 18. 

It is possible to buy special VOM scales to re-
place the 0-1 scale for certain types of milliam-
meters. In such case the circuit recommended for 
that scale should be used. 
More expensive instruments use a 50-aamp. 

meter in the VOM, with large scales for easy 
reading. Such instruments frequently include a.c. 
scales as well, and in general are better purchased 
complete than made at home. 
The VOM, even a very simple one, is among 

the most useful instruments for the amateur. 
Besides current and voltage measurements, it 
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Fig. 21-8 — Calibratimi curve for the high- and low. 
resistance ranges of the volt-ohm-milliammeter. 

ran be used for checking continuity in circuits, 
for finding defective components before installa-
tion — shorted condensers, open or otherwise 
defective resistors, etc. — shorts or opens in wir-
ing, and many other checks that, if applied during 
the construction of a piece of equipment, save 
much time and trouble. It is equally useful for 
servicing, when a component fails during regular 
operation. 

e THE VACUUM-TUBE VOLTMETER 
The usefulness of the vacuum-tube voltmeter 

(VTVM) is based on the fact that a vacuum tube 
can amplify without taking power from the source 
of voltage applied to its grid. It is therefore pos-
sible to have a voltmeter of extremely high resist-

Fig. 21-9 — Vacuum-tube voltmeter circuit. 

ance, and thus take negligible current from the 
circuit under measurement, without using a d.c. 
instrument of exceptional sensitivity. 

While there are several possible circuits, the 
one commonly used is shown in Fig. 21-9. A dual 
triode, VI, is arranged so that, with no voltage 
applied to the left-hand grid, equal currents flow 
t hrough both sections. Under this condition the 
t vo cathodes are at the same potential and no 
current flows through M. The currents can be ad-
justed to balance by potentiometer R11, which 
takes care of variations in the tube sections and 
in the values of cathode resistors Rg and R10. 
When a voltage is applied to the left-hand grid the 
current through that tube section changes but 
the current through the other section remains 
unchanged, so the balance is upset and the meter 
indicates. The sensitivity of the meter is regu-
lated by R8, which serves to adjust the calibra-
tion. R12, common to the cathodes of both tube 
sections, is a feed-back resistor that stabilizes the 
system and makes the readings linear. Rg and C1 
form a filter for any a.c. component that may be 
present, and R6 is balanced by R7 connected to 
the grid of the second tube section. 
To stay well within the linear range of opera-

tion the scale is limited to 3 volts or less in the 
average commercial instrument. Higher ranges are 
obtained by means of the voltage divider formed 
by R1 to R5, inclusive. As many ranges as desired 
can be used. Common practice is to use 1 meg-
ohm at RI, and to make the sum of R2 EO RS, 
inclusive, 10 megohms, thus giving a total resist-
ance of 11 megohms, constant for all voltage 
ranges. 

For measuring a.c. voltages the rectifier circuit 
shown at the lower left of Fig. 21-9 is used. One 
section of the double diode, V2, is a half-wave 
rectifier and the second half acts as a balancing 
device, adjustable by R17, to eliminate contact 
potential effects that would cause a constant d.c. 
voltage to appear at the VTVM grid. When 
measuring a.c., R8 is usually set so that the r.m.s. 
a.c. calibration coincides with the d.c. calibra-
tion. A separate resistor is frequently switched in 
for the purpose. 

Values to be used in the circuit depend consid-

Ci — 0.002- to 0.005-µfd. mica. 
C2— 0.01 µM., 1000 to 2000 volts, 

paper or mica. 
Bi — 1 megohm, watt. 
Ri to R5. inclusive — To give de-

sired voltage ranges, total-
ing 10 megohms. 

Rs. R7 — 2 to 3 megohms. 
R5 — 10,000-ohm variable. 
Rs, Rio — 2000 to 3000 ohms. 
Rn — 5000- to 10,000-ohm poten-

tiometer. 
RI2 — 10,000 to 50,000 ohms. 
RI3, R14 — App. 25,000 ohms. 

A 50,000-ohm slider-type 
wire-wound can be used. 

RIZ — 10 megohms. 
His — 3 megohms. 
RI7 10-megohm variable. 
M — Microarnmeter, range from 

0-200 µamp. to 0-1 ma. 
Vi — Dual triode, 6SN7 or 12AU7. 
V2 — Dual diode, 6H6 or 6AL5. 



462 CHAPTER 21 

erably on the supply voltage and the sensitivity 
of the meter, M. R12, and R13-R14, should he 
adjusted so that the voltmeter circuit can be 
brought to balance, and to give full-scale deflec-
tion on M with about 3 volts applied to the grid. 
The meter connections can be reversed to read 
voltages that are negative with respect to ground. 
The VTVM has the disadvantage that it re-

quires a source of power for its operation, as com-
pared with a regular d.c. instrument. Also, it is 
susceptible to r.f. pick-up when working around 
an operating transmitter, unless well shielded 
and filtered. The fact that one of its terminals is 
grounded is also disadvantageous in some cases, 
since a.c. readings in particular may be inaccu-
rate if an attempt is made to measure a circuit 
having both sides " hot" with respect to ground. 
Nevertheless, the high resistance of the VTVM 
more than compensates for these disadvantages, 
especially since in the majority of measurements 
they do not apply. 

• CALIBRATION 
When extending the range of a d.c. instrument 

calibration usually is necessary, although resis-
tors for voltmeter multipliers often can be pur-
chased to close-enough tolerances so that the new 
range will be accurately known. However, in cali-
brating an instrument such as a VTVM a known 
voltage must be a vailal de to provido a starting 

point. Fresh dry cells have an open-circuit ter-
minal voltage of approximately 1.6 volts, and 
one or more of them may be connected in series 
to provide several calibration points on the low 
range. Gas regulator tubes in a power supply, 
such as the 0C3, 01)3, etc., also provide a stable 
source of voltage whose value is known within a 
few per cent. Once a few such points are deter-
mined the voltmeter ranges may be extended 
readily by adding multipliers or a voltage divider 
as appropriate. 
Shunts for a milliammeter may be adjusted by 

first using the meter alone in series with a source 
of voltage and a resistor selected to limit the cur-
rent to full scale. For example, a 0-1 milliam-
meter may be connected in series with a dry cell 
and a 2000-ohm variable resistor, the latter being 
adjusted to allow exactly 1 milliampere to flow. 
Then the shunt is added across the meter and its 
resistance adjusted to reduce the meter reading 
by exactly the scale factor, n. If a is 5, the shunt 
would be adjusted to make the meter read 0.2 
milliampere, so the full-scale current will be 5 
ma. Using the new scale, the second shunt is 
added to give the next range, the same procedure 
being followed. This can be carried on for several 
ranges, but it is advisable to check the meter on 
the highest range against a separate meter used as 
a standard, since the errors in this process tend 
to I w cumulative. 

Measurement of Frequency and Wavelength 

e ABSORPTION FREQUENCY METERS 
The simplest possible frequency-measuring 

device is a resonant circuit, tunable over the 
desired frequency range and having its tuning 
dial calibrated in terms of frequency. It operates 
by extracting a small amount of energy from the 
oscillating circuit to be measured, the frequency 
being determined by the tuning setting at which 
the energy absorption is maximum (Fig. 21-10). 

Although such an instrument is not capable of 

Fig. 21-10 — Absorption frequency meter and a typical 
application. The meter consists simply of a calibrated 
resonant circuit I.C. When coupled to an amplifier or 
oscillator the tube plate current will rise when the fre-
quency meter is tuned to resonance. A flashlight lamp 
may be connected in series at to give a sisual indica. 
tion, but it decreases the selectivity of the instrument 
and makes it necessary to use rather close coupling to the 
eircuit being measured. 

very high accuracy, because the Q of the tuned 
circuit cannot be high enough to avoid uncer-
tainty in the exact setting and because any two 
coupled circuits interact to some extent and 
change each others' tuning, the absorption wave-
meter or frequency meter is nevertheless a highly 
useful instrument. It is compact, inexpensive, and 
requires no power supply. There is no ambiguity 
in its indications, as is frequently the case with 
the heterodyne-type instruments described later. 
When an absorption meter is used for check-

ing a transmitter, the plate current of the tube 
connected to the circuit being checked can 
provide the necessary resonance indication. 
When the frequency meter is loosely coupled to 
the tank circuit the plate current will give a 
slight upward flicker as the meter is tuned through 
resonance. The accuracy is greatest when the 
loosest possible coupling is used. 
A receiver oscillator may be checked by tun-

ing in a steady signal and heterodyning it to 
give a beat note as in ordinary c.w. reception. 
When the frequency meter is coupled to the 
oscillator coil and tuned through resonance the 
beat note will change. Again, the coupling 
should be made loose enough so that a just-
perceptible change in beat note is observed. 
An approximate calibration for the wave-

meter, adequate for most purposes, may be ob-
tained by comparison with a calibrated re-
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ceiver. The usual receiver dial calibration is 
sufficiently accurate. A simple oscillator circuit 
covering the same range as the frequency me-
ter will be useful in calibration. Set the re-
ceiver to a given frequency, tune the oscillat or 
to zero beat at the same frequency, and adjust 
the frequency meter to resonance with the os-
cillator as described above. This gives one 
calibration point. When a sufficient number of 
such points has been obtained a graph may be 
drawn to show frequency is. dial settings on 
the frequency meter. 

e INDICATING WAVEMETERS 
The plain absorption meter requires fairly 

close coupling to the oscillating circuit to affect 
the plate current of a tube sufficiently to give 
visual indication. The sensitivity of the instru-

pl 

Connect pos. meter 
termkal to play to 

Fig. 21-11 — Circuit diagram of indicating wavemeter. 
ith the meter plug removed, it can be used as a com-

pact absorption meter of the ordinary type. 

Ci — 5O-551d. variable (Ilammarlund IIF-50). 
C2, Cs — 0.001-dd. disc ceramic. 
Ji — Open-circuit jack. 
MA — 1).c. milliammeter, 0-1 or less. 
Pi — 'Phone plug. 

Coil Data, Li 

Freq. Range Turns Wire Diameter 

1.6- 4.2 Mc. 139 32 enani. j in. 
3.6-10.5 Mc. 40 32 enam. 1.¡ in. 
7.8-24.0 Me. 40 24 tinned % in. 
17.8-52.0 Me. 15 20 tinned % in. 
38 -117 Mc. 4 20 tinned % in. 
80 -270 Me. Hairpin of No. 14 wire. 3,4; in. 

including coil form pins. Tapped 1% in. from ground 
end. 

• Turns from ground end. 
Coil forms are Amphenol 24-5H. u-in. diameter. 

Turns/inch Tap • 

Close-wound 32 
Close-wound 12 

32 14 
16 5 
16 1% 

spacing, 2 inches long 

ment can be increased, by adding a rectifier and 
d.c. microammeter or milliammeter, to the point 
where very loose coupling will suffice for a good 
reading. A typical circuit for this purpose is 
given in Fig. 21-11, and Figs. 21-12 and 21-13 
show how such an instrument can be constructed. 
For convenience in use, the tuned circuit is 
mounted in a small metal box that can be held in 
one hand for close coupling to a circuit. The d.c. 
meter can be connected or not as desired, since it 
is separate (it can also be mounted in a small 
box) so the instrument can be used either as a 
plain absorption meter or as an indicating-type 
meter. 
The rectifier is a crystal diode, tapped down on 

the tuned-circuit coil to avoid excessive loading 

Fig. 21-12 — A compact absorption wavemeter pro-
vided with a crystal rectifier and jack for an indicating 
meter. The meter can he mounted in a separate box, if 
desired. The dial is similar to that used on the grid-dip 
meter described later in this chapter. 

of the circuit which would broaden the tuning. 
Tapping down also improves the sensitivity, by 
providing an approximate impedance match be-
tween the tuned circuit and the crystal-circuit 
load. By plugging a headset into the output jack 
('phones having 2000 ohms or greater resistance 
should be used for greatest sensitivity) the wave-
meter can be used as a monitor for modulated 
transmissions. 

It is of course possible to mount the d.c. meter 
in the same unit with the wavemeter proper, but 
this increases the bulk and weight. The separate 
units have the advantage, also, that a long line 
can be used to connect the two, since such a line 
carries only d.c., sa the meter can be placed at a 
remote point to pick up r.f. while the indicator is 
placed at the spot where adjustments are being 
made. This is frequently useful in antenna work, 
for example. 
Where connection to an a.c. line is convenient, 
VTVNI can be used instead of the milliammeter 

or microammeter, and because of its high resist-
ance will considerably increase the sensitivity and 
selectivity of the wavemett•r. 

In addition to the uses mentioned above, a 
meter of this type may he used for final adjust-

Fig. 21-13 — Inside the indicating-type wavemeter. 
The tuning condenser should he mounted as close as 
possible to the coil iliicket so the leads will be of negligible 
length. The box is l5r X 2t5. X 4 inehrs. 
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ment of neutralization in r.f. amplifiers. For this 
purpose it may be loosely coupled to the plate 
tank coil. Alternatively, L1 may be removed and 
the final-amplifier link output terminals con-
nected to the coil socket. The latter method 
tends to ensure that the pick-up is from the final 
tank coil only. 

• LECHER WIRES 
At very-high and ultrahigh frequencies it 

is possible to determine frequency by actually 
measuring the length of the waves generated. 
The measurement is made by observing 
standing waves on a two-wire parallel trans-
mission line or Lecher wires. Such a line shows 
pronounced resonance effects, and it is pos-
sible to determine quite accurately the current 
loops (points of maximum current). The phys-
ical distance between two consecutive current 
loops is equal to one-half wavelength. Thus the 
wavelength can be read directly in meters 
(39.37 inches = 1 meter; 0.3937 inch = 1 cm.), 
or in centimeters for the very-short wave-
lengths. 
The Lecher-wire line should be at least a 

wavelength long — that is, 7 feet or more on 
144 Mc. — and should be entirely air-insu-
lated except where it is supported at the ends. 
It may be made of copper tubing or of wires 
stretched tightly. The spacing between wires 
should not exceed about 2 per cent of the short-
est wavelength to be measured. The positions 
of the current loops are found by means of a 
"shorting bar," which is simply a metal strip 
or knife edge which can be slid along the line to 
vary its effective length. 

Making Measurements 

For measuring the frequency of a transmitter, 
a convenient and fairly sensitive indicator can he 
made by soldering the ends of a one-turn loop of 
wire, of about the same diameter as the trans-
mitter tank coil, to a low-current flashlight bulb. 
The loop should be coupled to the tank coil to 
give a moderately bright glow. A coupling loop 
should be connected to the ends of the Lecher 
wires and brought near the tank coil, as shown 
in Fig. 21-15. Then the shorting bar should be 
slid along the wires outward front the trans-
mitter until the lamp gives a sharp dip in bright-
ness. This is tin t should lw marked and the short-

Fm c. = 
length (inches) 

1f the length is measured in meters, 
150  

Fmc. — 
length (meters) 

In checking a superregenerative receiver, 
the Lecher wires may be similarly coupled to 
the receiver coil. In this case the resonance 
indication may be obtained by setting the 
receiver just to the point where the hiss is ob-
tained, then as the bar is slid along the wires 
a spot will be found where the receiver goes out 
of oscillation. The distance between two such 
spots is equal to a half-wavelength. 

jug bar moved out un t il a secoliel dip is obtained. 
The distance between the two points will be equal 
to half the wavelength. If the measurement is 
made in inches, the frequency will be 

5905 

Bull> 

x 

Fig. 21-15 — Coupling a Lecher wire system to a trans-
mitter tank coil. Typical standing-wave distribution is 
shown by the dashed line. The distance X between the 
positions of the shorting bar at the current loops equals 
one-half wavelength. 

The shorting bar must be kept at right angles 
to the two wires. A sharp edge on the bar is 
desirable, since it not only helps make good 
contact but also definitely locates the point of 
contact. 

Accurate readings result when the loosest 
possible coupling is used between the line and the 
tank coil. Careful measurement of the exact dis-
tance between two current loops also is essential. 

• HETERODYNE METHODS 
I leterodyile methods of frequency measurement 

make use of a stable oscillator generating either 
a known frequeney or one that is variable over a 
known range. Measurement consists in compar-
ing the unknown frequency with the known 
frequency of the oscillator, using an ordinary 
receiver for detecting both. This method is 
more accurate than others, because frequency 

Fig. 21-14 — One end of a typical 
Lecher wire system. The wire 
is No. 16 bare solid-copper antenna 
wire (hard-drawn). The turn-
buckles are held in place by a 
916 X 2-inch bolt through the 
anchor block. The other end of 
the line, which is connected to 
the pick-up loop, should be 
insulated. 

• 
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+150 - 
Fig. 21-16 — Circuit for crystal-controlled frequency 
stai dard. Tubes such as the teSK7, 6SH7, 6AL6, etc., 
are suitable. 
C1— 50-µµfd. variable. 
C2 — 150-551d. mica. 
C3 — 0.0022-µfd. mica. 
C4 — 0.01-pfd. paper. 
C5 — 22-ggfd. mica. 
Hi — 0.47 megohm, watt. 
li2 — 1000 ohms, ,V2 watt. 
83-0.1 megohm, ,V2 watt. 
114— 0.15 megohm, !/¡ watt. 

differences of less than a cycle can be observed 
by aural (beat-note) methods, and the oscillator 
can be calibrated to practically any degree of 
precision by comparison with standard frequen-
cies transmitted from WWV and WW 

Care must be used in heterodyne frequency 
measurement because in most cases harmonics 
are used and the measured frequency can be in 
error by a large factor if the wrong harmonic is 
picked. Also, a superheterodyne receiver will give 
many spurious responses in the presence of a 
strong signal and harmonics, so these must be 
recognized and ignored in making measurements. 
In general, heterodyne methods are most useful 
in measuring frequency to a high degree of ac-
curacy after the frequency is known approxi-
mately from other methods. The absorption 
wavemeter is useful for making the first approxi-
mation and thus eliminating the possible gross 
errors. 

Frequency Measurement with the Receiver 

An ordinary receiver has the essential ele-
ments needed for frequency measurement. Its 
dial readings must be calibrated in terms of 
frequency, of course, before measurements can 
be made. Manufactured receivers are generally 
so calibrated; the accuracy of the calibration 
will vary with the receiver model, but if the 
receiver is well made and has good inherent 
stability, a bandspread dial calibration can be 
relied upon to within perhaps 0.2 per cent. For 
most accurate measurement, maximum re-
sponse in the receiver should be determined by 
means of a carrier-operated tuning indicator 
(such as an S-meter), the receiver beat oscil-
lator being turned off. If the receiver has a 
crystal filter, it should be set in a fairly 
"sharp" position to increase the accuracy. 
When checking the frequency of your own 

transmitter, the receiving antenna should be 
disconnected so the signal will not overload or 
"block" the receiver. Also, the r.f. gain should 
be reduced as a further precaution against 
overloading. If the receiver still blocks without 
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an antenna the frequency may be checked by 
turning off the power amplifier and tuning in 
the oscillator alone. It is difficult to avoid 
blocking under almost any conditions with a 
regenerative receiver, and so this type is not 
very suitable for checking the frequency of 
one's own transmitter. 

e THE HETERODYNE FREQUENCY 
METER 

The heterodyne frequency meter is an oscil-
lator with a precise frequency calibration. The 
oscillator must be so designed and constructed 
that it can be accurately calibrated and will re-
tain its calibration over long periods of time. 
The oscillator used in the frequency meter 

must be very stable. Mechanical considera-
tions are most important in its construction. 
No matter how good the instrument may be 
electrically, its accuracy cannot be depended 
upon if the mechanical construction is flimsy. 
Frequency stability can be improved by avoiding 
the use of phenolic compounds and thermo-
plastics (bakelit,e, polystyrene. etc.) in the oscil-
lator circuit, employing only high-grade ceramics 
instead. Plug-in coils ordinarily are not accept-
able; instead, a solidly-built and firmly-mounted 
tuned circuit should be permanently installed. 
The oscillator panel anti chassis should be as 
rigid as possible. 

For amateur purposes the most useful type of 
meter is one covering the amateur bands only. 
The VFOs described in the chapter on trans-
mitters are typical of the circuits and construe-

Fig. 21-17 — A compact frequency standard and liar. 
mimic amplifier for generating either 100- or 1000-ke. 
intervals throughout the spectrum to 150 Mc. It has 
a self-contained power supply using the transformer 
shown in the upper part of the photo. The output con-
trol is at the upper left, and the switch in the foreground 
is the harmonie-amplifter bandswitch. The dual crystal 
is between the bandswitch and output control. The 
toggle switch at the lower left corner of the panel selects 
either 1000- or 100-kc. intervals. 
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tion since they are designed with the same con-
siderations in mind — i.e., to be highly stable 
both electrically and mechanically. Bence a 
good V FO, if accurately calibrated in frequency, 
is also a good heterodyne frequency meter. 

Calibration must be done by comparing the 
oscillator frequency at various points in its range 
with signals of known frequency. The best method 
is to calibrate from a secondary frequency stand-

aril, described in the next section, at intervals of, 
say, 100 ke. and fill in the calibration curve by 
interpolation. The oscillator usually works over 
the approximate range 1750-2000 kc., harmonics 
being used for the higher amateur bands. If the 
calibration is done on the highest band — 28-32 
Me. — at intervals of 100 kc. it is equivalent to 
having calibration points at intervals of 100/16 
= 6.25 kc. on the fundamental-frequency range. 

STANDARD FREQUENCIES AND TIME SIGNALS 

ANNOuNCEmENT 
INTERVALS 

NSHADED) 

Standard radio and audio frequencies are 
broadcast continuously from WWV, operated 
by the Central Radio Propagation Labora-
tory, National Bureau of Standards, Wash-
ington, D. C. on the following frequencies: 

Freq., Mc. Modulations (c.p.s.) 

2 . 5 
5 
10 
15 
20 
25 

1, 440 or 600 
1, 440 or 600 
1, 440 or 600 
1, 440 or 600 
1, 440 or 600 
1, 440 or 600 

Similar broadcasts are given from WWV1I, 
Puunene, T.H., on the following frequencies: 

Freq., Mc. Modulations (c.p.s.) 

5 
10 
15 

1, 440 or 600 
1, 440 or 600 
1, 440 or 600 

Transmissions are as given in the charts 
above, except that the WWV1I broadcast is 
interrupted for 4 minutes following each hour 
and half hour and for pt•riods of 40 minutes 
beginning at 0700 and 1900 universal time. 

Time Signals 

The 1-c.p.s. modulation is a 5-millisecond 
pulse at intervals of precisely one second, and 
is heard as a tick. Time intervals as trans-
mitted are accurate to within 2 parts in 100 
million -F 1 microsecond. The tick on the 
59th second is omitted. 
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Accuracy 

Transmitted frequencies are accurate within 
2 parts in 100 million. 

Propagation Notices 

During the announcement intervals at 20 
minutes after and 10 minutes before the hour, 
propagation notices applying to transmission 
paths over the north Atlantic are transmitted 
from WWV on 2.5, 5, 10, 15, 20, and 25 Mc. 
These notices, in telegraphic code, consist of 
the letter N, W, or U followed by a number. 
The letter designations apply to propagation 
conditions as of the time of the broadcast, and 
have the following significance: 

— Ionospheric disturbance in. progress or ex-
pected. 

U — Unstable conditions, but communication 
possible with high power. 

N — No warning. 

The number designations apply to expected 
propagation conditions during the subsequent 
12 hours and have the following significance: 

!DE 

4 

o 

Digit 

1 
2 
3 
4 
5 

7 
8 
9 

ONE-M NOTE 
ANNOUNCEMENT 

INTERVALS 

3,30'3 

Forecast 

Impossible 
Very Poor 
Poor 
Fair to Poor 
Fair 
Fair to Good 
Good 
Very Good 
Excellent 
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Fig. 21-18 - Circuit diagram of the frequency standard 
and harmonic amplifier. 

C4 - 25-pfd. midget s anuble ammarlund APC 25). 
Ca - 3 mufti (2!'2 inches of 75-ohm Twin-Lead). 
C3, C4 - 0.1-14fd. paper, 400 volts. 
Cs - 250-ppfd. ceramic. 
Co, C7, Cs - 0.001-pM. disc ceramic. 
CS - 100-14,4141. ceramic. 
Cto, Cit - 20-pfd. electrolytic, 250 volts. 
Ri - 4.7 megolun, ' 2 watt. 
112- 22,000 ohms, !,'2 watt. 
113, 84, 85 - 0.47 MO1{011111, !/2" watt. 
Rs - 470 ohms, .i/2 watt. 
R7 - 5000-ohm potentiometer. 
Rs - 47,000 ohms, 1 watt. 
Rs - 1000 ohms, 1 wat t. 
14 - 1-mh. r.f. choke ( National R-50). 
1.2 - 4-ph r.f. choke ( \ a tiottal 11-60). 
L3- 2-ph r.f. choke I \ : It tonal R-60). 
1.4 - 0.5 ph. ( I-ph. r.f. eboke. National R-33, with 10 

turns removed 1. 
Ls - 3 turns No. 16. -inch (ham., inch long. 
CR - 65-ma. s • Ienium reetifier. 
.11 - Tip jack. 
liFC1 - 0.5-mh. r.f. choke ( National R-50). 
RIFC2 - 5-mh. r.f. choke (National 11-100S). 
- S.p.s.t. toggle switch. 

Sa - S.p.s.t. toggle switch mounted on R7. 
S - 1-pole 6-position selector switch; shorting type 

(Centralab 2500). 
- Power transformer, 150 volts, 25 ma.: 6.3 volts, 

0.5 amp. (Merit P-3046). 
NTAL - 100-1000-kc. dual frequency crystal (Valpey 

DFS). 

• THE SECONDARY FREQUENCY 
STANDARD 

The secondary frequency standard is a highly-
stable oscillator generating a single frequency, 
usually 100 ke. It is nearly always crystal-con-
trolled, and inexpensive 100-kc. crystals are 
available for the purpose. Since the harmonics 
are multiples of 100 ke. throughout the spectrum. 
some of them can be compared directly with the 
standard frequencies transmitted by WWV. 
The edges of most amateur bands also are exact 
multiples of 100 ke., so it becomes possible to 
determine the band edges very accurately. This 
is an important consideration in amateur fre-
quency measurement, since the only regulatory 

L21 Li L4 Li 

C9I 

requirement is that an ama-
teur transmission be inside 
the assigned band and not on 
a specific frequency. 

Intervals of 100 kc. are 
sometimes too close for ac-
curate identification of a given 
harmonic, so special crystals 
that operate at both 1000 and 
100 Ice. are available. Inter-
vals of 1000 ke. are suffi-
ciently far apart to avoid 

confusion; since the average receiver calibration 
is good enough to provide positive identification. 
Once the 1000-ke. harmonics are spotted, it is 
easy to count off the 100-ke. intervals from the 
known 1000-ke. points. 

Manufacturers of 100-kc. crystals usually 
supply circuit information for their particular 
crystals. The circuit given in Fig. 21-16 is 

- representative, and will generate usable har-
monics up to 30 Me. or so. The variable con-
denser, Ch provides a means for adjusting the 
frequency to exactly. 100 ke. Harmonic output 
is taken from the circuit through a small con-
denser, C5. There are no particular construc-
tional points to be observed in building such a 
unit. Power for the tube heater and plate may 
be taken from the supply in the receiver with 
which the unit is to lw used. The plate voltage 
is not critical, but it is recommended that it be 
taken from a VII- 150 regulator if the receiver 
is equipped with one. 

Sufficient signal strength usually will be 
secured if a wire is run between the output 
terminal connected to C5 and the antenna post 
on the receiver. At the lower frequencies a 
metallic connection may not be necessary. 

Figs. 21-17 through 21-19 show a compact 
standard, complete with power supply, that will 
give usable harmonics from both 100 and 1000 
ke. up through the 144-Mc. band. It uses a dual 
crystal, either fundamental frequency being 
selected by a switch, and the output of the oscil-
lator is fed to a crystal-diode rectifier to increase 
the amplitude of the high-order harmonics. These 
harmonics are I hen amplified in the second tube, 
a stage having broadly-tune( I plate circuits center-
ing in the higher-irequeney amateur bands, 
switched in or out as required. A cathode gain 
control is provided in the amplifier circuit for 
regulating the output amplitude. The whole unit 
is constructed in a 5 X 3 X 4 box of the type 
having its own chassis, the small size being used 
so the unit can be squeezed into limited space on 
the operating table. It can be put on a larger 
chassis and box if desired, since the construction 
is not critical. Sufficient signal strength in the re-
ceiver should be secured by connecting a short 
piece of wire to the output terminal, hut on very 
high frequencies it may be necessary to connect 
the wire to one antenna post on the receiver. 

Adjusting to Frequency 

In either Fig. 21-16 or 21-18 the frequency can 
be adjusted exactly to 100 ke. by making use of 
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the WWV transmissions tabulated in this chap-
ter. Select the WWV frequency that gives a good 
signal at your location at the time of day most 
convenient. Tune it in with the receiver b.f.o. off 
and wait for the period durirg which the 
modulation is absent. Then switch on the 
100-kc. oscillator and adjust its frequency, by 
means of C1, until its harmonic is in zero beat 
with WWV. The exact setting is easily found 
by observing the slow pulsation in background 
noise as the harmonic comes close to zero beat, 
and adjusting to where the pulsation disap-
pears or occurs at a very slow rate. The pulsa-
tions can be observed even more readily by 
switching on the receiver's b.f.o., after ap-
proximate zero beat has been secured, and ob-
serving the rise and fall in intensity (not fre-
(luency) of the beat tone. For best results the 
WWV signal and the signal from the 100-ke. 
oscillator should be about the sante strength. 
It is advisable not to try to set the 100-ke. 
oscillator when the WWV signal is modulated, 
since it is difficult to tell whether the harmonie 
is being adjusted to zero beat with the carrier 
or with one of the sidebands. 

Frequency Checking 

The secondary standard provides signals of 
known frequency that can be tuned in on the 
station receiver. Determination of the frequeney 
of a transmitter is then carried out by the method 
described earlier under " Frequeney Measure-
ment with the Receiver,' using these points as 
positive identification of band edges. By using 

Fig. 21-19 — Below-chassis view 
of the frequency standard. The 
I \ 3 IA harmonic generator is at 
the upper left. The variable con-
den-er at the bottom is for adjust-
ment of the oscillator frequency 
to e‘actly 100 Ice. At the upper 
right. mounted on the rear lip 
of the chassis, is the selenium 
rectifier for the power supply. 
The filter condenser is just below 
it. Small resistors and condensers 
are grouped around the tube 
sockets. 

the known 100-ke. points the receiver calilwation 
can be corrected so that, by interpolation, the 
frequency of a signal lying between the calibra-
tion points can be determined with good ae-
ell racy. 

More Precise Methods 

The methods described in this section are quite 
adequate for the primary purpose of amateur 
frequency measurements — that is, determining 
whether or not a transmitter is operating inside 
the limits of an amateur band, and the approxi-
mate frequency inside the band. For measure-
ment of an unknown frequency to a high degree 
of accuracy more advanced methods can be used. 
Accurate signals at closer intervals can be ob-
tained by using a multivibrator in conjunction 
with the 100-ke. standard, and thus obtaining 
signals at intervals of, say, 10 ke. or some other 
integral divisor of 100. Temperature control is 
frequently used on the 100-ke. oscillator to give 
a high order of stability (Collier, " What Price 
Precision?", QS7', September and October, 
1952). Also, the secondary standard can be used 
in conjunction with a variable-frequency interpo-
lation oscillator to till in the standard intervals 
(Woodward, " A Linear Beat-Frequency Oscil-
lator for Frequency Measurement," QST, May, 
1951). An interpolation oscillator and standard 
can be combined in one instrument, one applica-
tion of this type having been described in QS7' 
for May, 19-i9 (Grammer, " The Additive Fre-
quency Meter"). 

Test Oscillators 

For many measurements and tests, it is neces-
sary to have a source of signal at 80Me desired 
frequency or range of frequencies. Although there 
is a wide variety of test oscillators capable of 
generating such signals, for most amateur work 
one or two simple types are quite adequate. A 
variable-frequency oscillator covering as much as 

possible of the r.f. spectrum, calibrated in fre-
quency, has many useful applications. For 'phone 
work, an audio signal source is equally valuable in 
testing and adjustment of speech amplifiers, mod-
ulators and associated audio circuits and equip-
ment. Both types can be built quite easily and at 
low cost. 
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• THE GRID-DIP METER 
The grid-dip meter is a simple vacuum-tube 

oscillator to which a low-range milliammeter or 
microammeter has been added to read the oscil-
lator grid current. A 0-1 milliammeter is sensitive 
enough in most cases. The grid-dip meter is so 
called because when the oscillator is coupled to a 
tuned circuit, the grid current will show a de-
crease or "dip" when the oscillator is tuned 
through resonance with the unknown circuit. The 
reason for this is that the external circuit will 
absorb energy from the oscillator when both 
are tuned to the same frequency; the loss of 
energy from the oscillator circuit causes the feed-
back to decrease and this in turn is aceompanied 
by a decrease in grid current. The clip in grid 
current is quite sharp when the circuit to which 
the oscillator is coupled has reasonably high Q. 
The grid-dip meter is most useful when it cov-

ers a wide frequency range and is compactly 
constructed so that it can be coupled to circuits 
in hard-to-reach places such as in a transmitter or 
receiver chassis. It can thus be used to check 
tuning ranges and to find unwanted resonances of 
the type described in the chapter on 'M. Since 
it is its own source of r.f. energy it does not, like 
the absorption wavemeter, require the circuit 
being checked to be energized. In addition to 
resonance checks, the grid-dip meter also can be 
used as a signal source for receiver alignment and 
similar purposes and, as described later in this 
chapter, is useful in measurement of inductance 
and capacitance in the range of values used in r.f. 
circuits. 

Figs. 21-20 to 21-22, inclusive, show a grid-dip 
meter of quite compact construction using plug-in 
coils to cover a continuous frequency range of 
1600 ke. to 160 Mc., and thus useful in all ama-
teur bands up through 144 Mc. as well as for 
checking for resonances in the low group of v.h.f. 
TV channels, the most important from the stand-
point of harmonic TV1. It is small and light, and 
can be held and tuned with one hand since the 

Fig. 21-20 — A compact and light-m eight grid-dip 
meter for one-hand operation. It is built in a I r,,¡ X 
2!.,,'4 X 4-inch "Channel-lock" box and 4x plug -in 
roils to cover the range 1600 Ice. to 160 Mc. The power 
supply and milliammeter for reading grid , lierent are in 
a separate unit. 

L, 
C3 

C, 

6C4 

c, R 

s 

C5 

4 a "C«, 

GNO. 6.3V METER 5+ 

Fig. 21-21 — Circuit diagram of the grid-dip meter. 
Cr — 50-apfd. midget variable ( Ilanimarlund IIF-50). 
C2 — 100-551d. ceramic. 
Cs, C4, Cg — 0.001-mfd. disc ceramic. 
C5 — 0.01-µM. disc ceramic. 
RI — 22,000 ohms, t watt. 

Coil Data, LI 
Freq. Range Turns Wire Diameter Turn,/ineh Trip • 

1.59- 3.5 Me. 139 32 enam. in. Close-wound 32 
3.45- 7.6 Mc. 40 32 enam. in. Close-wound 12 
7.55-17.5 Mc. 40 24 tinned in. 32 14 
17.2-40 Mc. 15 20 tinned in. 16 5 
37 -85 Mc. 4 20 tinned in. 16 I 
78 -160 Me. Hairpin of No. 14 wire, :14,i in. spacing, 2 inches long 

including coil form pins. Tapped 1%in. from ground 
end. 

• Turns from ground end. 
Coil forms are Amphenol 24-5H, U-in, diameter. 

dial extends slightly over the edges of the box so 
it can be operated with the thumb. The milliam-
meter is not contained in the oscillator itself but 
can be mounttal separately in any convenient 
spot for viewing. Fig. 21-23 shows the milliam-
meter mounted in a standard meter case which 
also contains the power supply for the oscillator. 
The cable connecting the two units can be any 
desired length. 
The oscillator circuit, shown in Fig. 21-21, is a 

grounded-plate Hartley, with the cathode tap 
adjusted for maximum sensitivity — that is, 
greatest change in grid current when tuning 
through resonance with a coupled circuit — 
rather than maximum grid current. For satis-
factory operation at the highest frequency, the 
leads in the tuned circuit should be kept as short 
as possible, and the tuning condenser, CI, is 
mounted so that its rotor and stator terminals are 
practically touching the corresponding pins on 
the coil socket. The tube socket is mounted on a 
bracket made from aluminum and placed at an 
angle so that the tube can be removed. The 
cathode connection between the tube socket tut(' 
the coil socket is tnade of flat copper strip to re-
duce its inductanee as much as possible. 

Coils for the two low-frequency ranges are 
wound on the outsides of the forms in normal 
fashion, but with the exception of the highest 
range the remaining eoils are lengths of B & W 
Miniductor mounted inside the forms. A hairpin-
shaped coil is used for the highest range. As the 
coil forms are polystyrene, which softens at rela-
tively low temperatures, care must be used in 
soldering to the pins. It is helpful to drill a metal 
plate, a few inches square and X f3 inch or so thick, 
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fi 

so t he coil pins will fit snugly; then if the plate is 
pressed firmly against the but tom of the form 
(luring soldering it will conduct the heat away 
from the polystyrene rat tidly enough to prevent 
softening, if the soldering operation is twt )ro-
longed. 
A transparent dial cut from a piece of N-inch 

Plexiglas (obtainable at hobby storest is used in 
preference to a solid dial so tlie calibration can lie 
I laced On top of the box, where there is more 
room for lettering. A hairline indicator is scratched 
On the dial, which is also provided with a stand-
ard small knob, fastened to it bv small machine 
screws threaded itt front t he bot font. 
The power supply shown in Fig. 21-23 uses a 

miniature power transformer with a selenium 
rectifier and a simple filter to give approximately 
120 volts for the oscillator plate. The potentiom-
eter shown in Fig. 21-24 is for adjustment of 
plate voltage. In anv grid-dip meter the grid cur-
rent will be ((Weren't in different parts of the fre-
quency range, with fixed plate voltage, so it is 
ordinarily necessary to choose a plate voltage 
that will keep the reading on scale in the part of 
the range where the grid current is highest. This 
usually results in rather low grid current at some 
other part of the range. With variable plate volt-
age this eompromise is unnecessary. 
The instrument may be calibrat :41 by listening 

to its output with a calibrated rucuivor. The cali-
bration should be as accurate as possible, al-
though " frequency-meter accuracy " is not re-
quired in the applications for which a grid-( lip 
meter is useful. 
The grid-dip meter may be used as an indicat-

ing-type absorption wavemeter by shutting off 
the plate voltage atal using the grid and cathode 
of t ht. tube as it diode. However, titis type of tir-

Fig. 21-23 — Power sup-
ply and milliammeter for 
the grid-dip meter are 
contained in a meter 
ease. The control on top 
is for varying the plate 
voltage to maintain the 
grid current in the prop-
er region. 

Fig. 21-22 — The grid-
dip o-cillator is built on 
the t -- haled portion of 
the boy.. Ca. C4 and Co are 
grounded to a soldering 
lug at the left of the socket. 

ires in the power and 
meter cable terminate at 
a • I-point terminal strip at 
the left. 

• 

cuit is not as sensitive as the erystal-detector type 
shown earlier in this ehapter, because of the high-
resistance grid leak in series with the meter, 

itt using the grid-dip (orb for eheeking the 
resonant frequency of a circuit the coupling 
should lw kept to the point where the dip in grid 
current is just perceptible. This reduces inter-
action between the two circuits to a minimum 
and gives the highest accuracy. With too-close 

Fig. 21-24 — Circuit diagram of the power supply for 
the grid-dip meter. 
CI, C2— 16-gfd. electrolytic, 150 volts. 
Ri — 1000 ohms, :2" watt. 
112 — O. I - megolun potentiometer. 
— er transf -r, 6.3 volts and 125 lo 150 volts. 

Merit P-3(J16 or equivalent.) 
C It - -rut a. selenium rectifier. 
\ I d.c, milliattuneter. 

ci tui titi g t oscil Into, frequency may be " pulled" 
by the circuit being checked, in which ease differ-
ent rya' Hugs will be obtained when resonance is 
approached from the high side as vornp:ir,l with 
approaching from the low side. 

o AUDIO-FREQUENCY OSCILLATORS 
A useful aecessory for testing audio-frequency 

amplifiers and modulators is an audio-frequent'' 
signal generator or oscillator. Cheeks for dis-
bwtion, gain, and the ordinary troubles that 
occur in such amplifiers do not require elaborate 
equipment; itt most eases, a single audio fre-
quency will suffice. The chief requirement is that 
the audio oscillator be able to generate a reason-
ably good sine wave. 

Figs. 21-25 and 21-20 show a simple oscil-
lator of a type entirely adequate for 'phone 
transmitter testing using the methods described 
in the chapter on amplitude modulation. It gen-
erates a fixed frequency of approximately 400 

:6-4... I 1 — 
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OSCILLATOR 

Fig. 21-25 — Cirruit , liagruna of 
the simple audio o-tillatr. 

C1,, Ci — 0.1 fd., (u0O- it paper. 
C2 — 0.0.4 Al., 600-N .4t paper 

(Sprague 6'1'111-S1). 
C3 — 0.03 pfd., 600-volt paper 

(Sprague 6TM-S3). 
Ri — 1 megohm, %¡ watt. 
R2 — 10.,000 01WWS, J6 watt. 
113 — 5000-ohm potentiometer 
114, i1.í — 4700 ohms, j¡  watt. 
RC, 117 — 47,000 Ohms, j{2 watt. 
Ji — 1-prong chassis connector, 

male. 
Ti — Interstage audio transformer 

(Staneor A-4711). 

cycles, and since it is provi(hs1 with a step at-
tenuator giving maximum outputs of approxi-
mately 1, 0.1, and 0.01 volts rois., as well as 
continuously-variable output control, it rail be 
used as a substitute for any type of mierophone 
by proper choice of the high, medium, or low 
output. 
The circuit diagram is given in Fig. 21-25. One 

section of a doul de triode is used as a Colpitts 
oseillator, with C2, C3 and the secondary winding 
of 7'1 forming the tuned circuit. I With the trans-
former specified, the entire secondary winding 
is used.) The primary winding of 7 is connected to 
the grid of the second triode seetion, which is 
used as a eat lode follower. Variable output from 
the unit is taken from the arm of a potentioniet,•r, 
R3, eonnected as the cathode-follower load. The 
high output is taken directly from R3, while I lo• 
two lower outputs are taken from a ladder-In 
divider. 114116 and R5R 7 . These points are brought 
out to t ip jacks. 

Nlolded paper condensers should be used at 
C2 Slid C2; cardboard-cased tubulars have been 
found to be unreliable in this circuit.. 
The power requirements are quite low — the 

total cathode current of the USN ;T is only 7.5 
nia, and can be taken from ally eonvenient source 
of about 150 volts. The 6SN7GT heater requires 
0.6 amp. at 6.3 volts. 

CATHODE FOLLOWER 

GOD 051Go (11 OLow 
AUDIO OUTPUT 

Fig. 21-26 — .A simple and inexpensive audio oscillator 
for use in checking 'phone transmitter operation. It 
generates a good - in.. wave of fixed frequency and is 
provided with an attenuator so that the output level 
can be set at the proper value for substituting for any 
type of microphone. 

R.F. Measurements 
The measurement of fundamental quantities 

such as current, voltage and power at radio fre-
quencies, and circuit elements such as inductance 
and capacitance, can be accomplished with equip-
ment readily availalile to or easily must meted by 
the amateur. NI; astirements of this type at r.f. 
are equally as useful in building, test big, atol 
operating equipment as their counterparts in d.c. 
circuits. 

• R.F. CURRENT 
HI current-measuring devices use a thermo-

couple in conjunction with an ordinary d.c. in-
strument. The thermocouple is made of two dis-
similar metals which, when heated, generate a 
small d.c. voltage. The thermocouple is heated 
by a resistance wire through which the r.f. cur-

rent flows, and since t he d.c. voltage developed is 
proportional to the heating, which in turn is pro-
portional to the power used by the heating ele-
ment, the deflections of the d.c. instrument are 
proportional to power rather than to current. 
This causes the calibrated scale to be compressed 
at the low-current end and spread out at the high-
current end. The useful range of such an instru-
ment is about 3 or 4 to 1; that is, an r.f. ammeter 
having a full-scale reading of 1 ampere can be 
read with satisfactory accuracy down to about 
0.3 ampere, one having a full scale of 5 amperes 
can be read down to about 1.5 amperes, and so 
on. No single instrument can be made to handle a 
wide range of currents. Neither can the r.f. am-
meter be shunted satisfactorily, as can be done 
with d.c. instruments, because even a very small 
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amount of reactance in the shunt will cause the 
readings to be highly dependent on frequency. 

• R.F. VOLTAGE 
An r.f. voltmeter is a reel ifier-tvpe instrument., 

t in which he r.f. is converted to. de., which is 
then measured wit h a d.c. milliammeter. The 
best type of rectifier for most applications is a 
crystal diode, such as the 1N34 and similar 
types, because its capacitance is so low as to have 
little effect on the behavior of the r.f. circuit to 
which it is connected. The principal limitai ion of 
these rectifiers is their rather low value of safe 
inverse peak voltage. Vacuum-tube diodes are 
considerably better in this respect, but their size, 
shunt capacitance, and the fact that power is re-
quired for heating the cathode constitute serious 
disadvantages in many applications. Typical 
circuits for crystal-diode r.f. voltmeters are 
given in Fig. 21-27. 
One of the principal uses for such voltmeters 

is as null indicators in r.f. bridges, as described 
later in this chapter. Another useful application is 
in measurement of the voltage between the con-
ductors of a coaxial line, to show when a trans-
mitter is adjusted for optimum output. In either 
ease the voltmeter impedance should be high 
compared with that of the circuit under measure-
ment, to avoid taking appreciable power, and the 
relationship between r.f. voltage and the reading 
of the d.c. instrument should be as linear as possi-

1N34 

Circuit 
under 

Measurement 

(A) 

(B) 
Fig. 21-27 — ILL voltmeter circuits using a crystal 
rectifier and d.c. microammeter or 0-1 milliamm.eter. 
The circuit at A is suitable for measuring low voltages — 
up to about 35 volts maximum. 11 is for measuring the 
voltage between the conductors of a coaxial line. I'he 
total resistance of 82 and Ra should he of the order of 
7500 ohms, with the ratio of Ra to Ra chosen to apply 
not more than 10 volts to the crystal circuit, based on. 
the unmodulated carrier power in the line. In both cir-
cuits, RI should be not less than 10,000 ohms for a 0-1 
milliammeter, and should be increased in proportion to 
the sensitivity of the meter (e.g., 20,000 ohms for a 0-500 
microammeter, 100,0(10 ohms for a 0-100 microam-
meter). CI and C2 should be 0.001 pfd. or more. In B, 
./1 and 12 represent coaxial connectors. The voltmeter is 
preferably built in a shielded box, the 2 X 4 X 4 size 
being large enough to contain the whole instrument. 
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ble — that is, the d.c. indication should be 
directly proportional to the r.f. voltage at all 
points of the scale. 

Fig. 21-28 — B.f. ammeter I1101111ted for connecting into 
a coaxial line for measuring pomer. "2-inch" instru-
ment will fit into a 2 X 4 X 4 metal box. The shunt 
capacitance of an ammeter mounted in this s, a s has a 
negligible effect on the accuracy at frequencie- ;t. high 
as 30 Me. if the instrument has a bakelite ease. etal-
eased meters should be mounted on a bakelitc panel 
which can in turn he m ted in a cut-out which clears 
the meter case by about )4 inch. 

All rectifiers show a variation in resistance 
with applied voltage, the resistance being highest 
when the applied voltage is small. These varia-
tions can be fairly well "swamped out" by using 
a high value of resistance in the d.c. circuit of 
the rectifier. A resistance of at least 10,000 ohms 
is necessary for reasonably good linearity, and 
higher values are beneficial. For this reason a 
fairly sensitive de. instrument should be used — 
if possible, a 0-100 microammeter, although a 
0-1 milliammeter will serve quite well in many 
cases. A VTVM is ideal for the purpose since its 
extremely high input resistance exceeds anything 
that is practical with an ordinary microammeter. 
High resistance in the d.c. circuit also raises the 
impedance of the r.f. voltmeter and reduces its 
power consumption. 
The basic voltmeter circuit is shown in Fig. 

21-27A, and is simply a half-wave rectifier with a 
meter and a resistor, RI, for improving the linear-
its'. The time constant of CIR1 should be large 
co.mpared with the period of the lowest radio 
frequeney to be measured — a condition that can 
easily be met if RI is 10,000 ohms and C1 is 0.001 
eifd. or more — so CI will stay charged near the 
peak value of the r.f. voltage. The radio-frequency 
choke may be omitted if there is a low-resistance 
de. path through the circuit being measured. C2 
provides additional r.f. filtering for the d.c. 
circuit. 
A practiral arrangement for measuring the r.f. 

voltage in a coaxial line from a transmitter is 
shown at 13. A voltage divider, R2/?2, is con-
nected across the line, the resistance values being 
chosen so the inverse peak voltage rating of the 
rectifier is not exceeded. This rating is in the 
vicinity of 50 volts, which limits the r.m.s. volt-
age that may be applied to the crystal to a maxi-
mum of 35 volts. If the approximate power car-
ried by the line is known, the voltage can easily 
be calculated if the line is flat. A standing-wave 
ratio of 4 to 1 will cause the voltage to be twice 
the calculated value at a voltage loop, and 100 
per cent modulation also doubles the voltage. 
Since it is unlikely that the s.w.r. will exceed 4 to 
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(A) 

Standard 
Inductance 

(B) 

Standard 
Condenser 

Unknown 
Capacitance 

Fig. 21.29 — Set-tips for measuring inductance and ca-
pacitance with the grid-dip meter. 

1 in a properly operated coax line, the safety 
factor will be adequate if the voltage divider is 
designed on the basis of applying one-fourth the 
rated value of voltage, or 8 to 10 volts, to the 
crystal. The total resistance in the divider should 
be about 100 times the line impedance so the 
power consumed by the voltmeter will not exceed 
1 per cent of the power in the line. Composition 
resistors should he used, allowing 1 watt dissipa-
tion in R2 (which usually dissipates practieally 
all the voltmeter power) for each 100 watts in the 
line. The necessary dissipation can be built up by 
using resistors in series. 

In constructing such a voltmeter care must be 
used to prevent stray coupling between the line 
and any part of the voltmeter, and also between 
the voltage divider and the crystal rectifier cir-
cuit. Also, the resistor or resistors comprising ll2 
should be kept away from grounded metal in 
order to reduce stray capacitance. 

Calibration 

Calibration is not necessary for purely com-
parative measurements. A calibration in actual 
voltage requires a known resistive load and an 
r.f. ammeter. The set-up is the same as for r.f. 
power measurement as described later, and the 
voltage calibration is obtained by calculation 
from the known power and known load resist-
ance, using Ohm's Law — E = VPR. As many 
points as possible should be obtained, by varying 
the power output of the transmitter, so that the 
linearity of the voltmeter can be checked. 

Different voltage ranges may be secured, with 
a fixed voltage divider, by changing the value of 
RI. It is advisable to calibrate on the lowest 
range and then, with a fixed value of power in the 
line, increase RI until the desired scale factor is 
obtained. 

• R.F. POWER 
Measurement of r.f. power requires a resistive 

load of known value and either an r.f. ammeter or 
a calibrated r.f. voltmeter. The power is then 
either PR or E2/R, where R is the load resistance 
in ohms. 
The sift-11*st method of obtaining a load of 

known resistance is to use an antenna system 
with coax-coupled matching circuit of the type 
described in the chapter on transmission lines. 
When the circuit is adjusted, by means of an 
s.w.r. bridge, to bring the s.w.r. down to 1 to 1 
the load is resistive and of the value for which the 
bridge was designed (52 or 75 ohms). Fig. 21-28 
shows a convenient way of mounting an r.f. am-
meter for measuring current in a coaxial line. 
The instrument can be inserted in the line in 
place of the s.w.r. bridge after the matching has 
been completed, and the transmitter is then ad-
justed — without touching the matching circuit 
— for maximum current. The ammeter may be 
left in the line during regular operation if desired, 
but it should be kept in mind that a mismatch 
such as might be caused by an accident to the 
antenna system may result in damage to the in-
strument since under such conditions it is possible 
for the current to reach several times its normal 
value. 
An r.f. voltmeter of the type described in the 

preceding section also can be used for power 
measurement in a similar set-up. It has the ad-
vantage that, because its scale is substantially 
linear, a much wider range of powers can be 
measured with a single instrument. 

• INDUCTANCE AND CAPACITANCE 
The ability to measure the inductance of 

coils and the capacitance of condensers frequently 
saves time that might otherwise be spent in cut-
and-try. A convenient instrument for this pur-
pose is the grid-dip oscillator, described earlier in 
this chapter. 

Fig. 21-30 — A convenient mounting, using binding-
post plates, for L and C standards made from commer-
cial y-available parts. The condenser is a 100-add. 
silver mica unit, mounted so the lead length is as nearly 
zero as possible. The inductance standard, 5 ah., is 17 
turns of No. 3015 11 & W Miniductor, 1-inch diameter, 
16 turns per inch. 

For measuring inductance, the coil is con-
nected to a condenser of known capacitance as 
shown at A in Fig. 21-29. With the unknown coil 
connected to the standard condenser, the pick-up 
loop is coupled to the coil and the oscillator fre-
quency adjusted for the grid-current dip, using 
the loosest coupling that gives a detectable indi-
cation. The inductance is then given by the 
formula 

25,330  
Lgh. — 

Cgpfd. 
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Fig. 21-34— The logarithmic Ls. meter is 
constructed on a small aluminum channel. 
A small copper plate between the two coils 
is used for reducing the interstage coupling 
to the point where the r.f. amplifier is non-
regenera t v e. 

• 

connecting a fairly large resistance in series with 
the milliammeter (or microammeter). About 
10,000 ohms is required for good linearity. This 
considerably reduces the sensitivity of the meter, 
but the lower sensitivity can be compensated for 
by making the pick-up antenna sufficiently large. 

A Sensitive Logarithmic F. S. Meter 

For indicating the effect of antenna adjust-
ments at a distant station, a logarithmic type of 
indicator is desirable in the field-st rength meter 
since the meter readings with such an instrument 
are directly proportional to decibels. Figs. 21-32 
to 21-34, inclusive, show a meter of this type. 
It makes use of the fact that the rectified (I.e. 
output of a detector following a.v.c.-controlled 
r.f, stages tends to be logarithmic with respect 
to the r.f, voltage applied to the receiver. 
As shown in Fig. 21-33, the circuit includes 

an r.f, amplifier, a detector, and a d.c. amplifier, 
using miniature battery tubes. The rectified r.f. 
voltage developed across RI in the diode circuit 
of the 1U5 is applied through the ground connec-
tion to the grid of the 1T4 r.f. amplifier and thus 
controls its gain. The 1-volt " A" battery is 
not connected to ground but is allowed to " float," 
permitting the a.v.c. voltage to be effective on 
the grids. 

In the unit shown in the photographs, slug-
tuned coils are used been use of their small six t 

ue.tu 

'goo° 

n000 
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n000 

n000, 
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%ma 

1. , 

In 
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0 (U 02 0.3 

METER READING (MA) 
Fig. 21-35-- Tv pleat calibration curve of the logarith-
mic field-strength meter. The curve is sufficiently loga-
rithmic, for practical purposes, between about 0.05 and 
0.45 ma. The way in which the readings vary with 
applied signal, and not the absolute value of the signal, 
is the important point, and since thi.• as ill not change 
significantly so long as the same circuit is used, the 
curve above may be used with any similar instrument. 

0,4 os 
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and because they eliminate the need for variable 

tuning condensers. Ilowever, ordinary condenser-

tuned circuits can be substituted; the only re-

quirement is that the circuits must be tunable to 
the frequency at which the antenna is being ad-
justed. The only critical point about the con-
struction of such a meter is to lay out the tuned 
circuits so that the r.f. amplifier is stable; other-
wise, any convenient layout may be used. 
With the values shown in Fig. 21-33 the no-

signal plate current should be very close to 0.5 
milliampere. A less-sensitive (I.e. instrument will 
require more " B" voltage. Whatever the type 
of meter, the current may be brought to exactly 
full scale, with no signal input, by shunting it 
with a variable resistor of suitable range, de-
peto ling on the internal resistance. 

Fig. 21-35 is a typical calibration curve. The 
readings are approximately logarithmic over 
about 70 per cent of the scale, with a range of 
about 20 db. Used with a folded-dipole pick-up 
antenna, the instrument is sensitive enough for 
use a few thousand feet away from a beam an-
tenna fed with a few hundred watts. 

• CHECKING STANDING WAVES 
Standing waves on a transmission line can 

be measured if it is possible to measure the 
current at every point along the line, or the 
voltage between the t wo conductors at every 
point along the line. Rough checks on parallel-
conductor lines can be made by going along 
the line with an absorption wavemeter having 
a crystal rectifier, taking care to keep the 
pick-up coil (or pick-up antenna) at the same 
distance from the line at every measurement. 
With such a device the maximum milliammeter 
reading usually will indicate current loops if a 
small pick-up coil is used, and voltage loops if a 
short pick-up antenna is used. 
An alternative indicator, also useful with 

parallel-conductor lines, is a neon lamp. With 
moderate amounts of transmitter power, a low-
wattage lamp will glow when the glass bulb 
is brought into contact with one line wire. 
As the lamp is moved along the line, a change 
in brightness indicates standing waves. If the 
glow is substantially the same all along the 
line the s.w.r. can be considered to be low 
enough for practical purposes. 

Standing-Wave Ratio Indicators 

Simple indicators such as those just men-
tioned are useful for checking the presence of 
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for V=0 

R, 
RL = Rs 

Fig. 21-36 — This fundamental bridge circuit is the 
basis for one type of device for measuring standing-was e 
ratio. 

standing waves along a transmission line but 
are not adequate for actual measurement of 
the standing-wave ratio. Also, it is frequently 
inconvenient, and sometimes impossible, to 
move a current or voltage indicator along a 
transmission line for the distance required in 
checking standing waves. 
An alternative method uses a bridge cir-

cuit to measure the standing-wave ratio. Fig. 
21-36 will serve to illustrate the basic prin-
ciples. R1 and 112 are fixed resistors having 
known values, and Rs is a calibrated variable 
resistor. The unknown resistance to be meas-
ured, RL, is connected in series with Rs to form 
a voltage divider across the source of voltage, 
E. The resistance of the voltmeter, V, should 
be very much larger than any of the four re-
sistance "arms" of the bridge for maximum 
accuracy. From Ohm's Law it is apparent that 
when RI/R2 equals Ra/RL the voltage drops 
across RI and Rs are equal (this is also true of 
the voltage drops across R2 and RL) and there 
is no difference of potential between points C 
and D. Hence the voltmeter reading is zero 
("null") and the bridge is said to be " balanced." 
Under any other conditions the potentials at 
C and D are not the same and the voltmeter 
reads the difference of potential. 
The basis for s.w.r. measurements with a 

bridge is the fact that the input impedance of 
a properly-terminated transmission line is a 
pure resistance equal to the line's character-
istic impedance. If a matched line is connected as 
the unknown arm of an appropriate bridge 
circuit the bridge can be balanced in the usual 
way and the indicating instrument will show a 
null. However, if the line is not properly ter-
minated the voltage reflected back from the far 
end of the line will appear at the terminals of the 
bridge and will register on the voltmeter. The 
relationship between voltmeter reading (in per-
centage of full scale) and standing-wave ratio is 
shown in Fig. 21-37. This curve applies only 
when the voltmeter impedance is extremely 
high — 20 times or more — compared with the 
impedance for which the bridge is designed. 

While other bridge circuits can be used for 
s.w.r. measurement, the resistance bridge is 
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about the simplest and easiest to build. It, lends 
itself well to construction for coaxial lines and 
when so designed can be used for measurement 
of open-wire lines a.s shown later in this chapter. 

Bridge Construction 

The voltmeter used in s.w.r. bridge circuits 
employs a crystal diode and is subject to the con-
siderations described earlier in this chapter. In 
most cases, the bridge is used chiefly in the ad-
justment of an antenna matching system or in 
the adjustment of a coax-coupled matching net-
work of the type described in the chapter on 
transmission lines. The object in such cases is to 
get the best possible match, as indicated by :t 
null reading on the voltmeter, and not particu-
larly to make accurate s.w.r. measurements. For 
this purpose the voltmeter requirements are not 
rigorous because it takes no current when the 
bridge is balanced, and a 0-1 milliammeter with a 
few thousand ohms resistance in series will serve 
very well. The circuit of Fig. 21-38 and the con-
struction of Fig. 21-39 are quite satisfactory for a 
bridge intended primarily for impedance match-
ing. 
A principal point in the construction of an 

s.w.r. bridge is to avoid stray coupling between 
the resistors forming the bridge arms and be-
tween the arms and the voltmeter circuit. This 
can be done by keeping the resistance arms sepa-
rated and at right angles to each other, and by 
placing the crystal and its connecting leads so 
that the loop so formed is not in inductive rela-
tionship with any loops formed by the bridge 
arms. Shielding between the bridge arms and the 
crystal circuit is helpful in reducing such cou-
plings, although it is not always necessary. The 
two resistors forming the " ratio arms," R1 and 
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Fig. 21-37 — Standing-wave ratio in terms of meter 
reading (relative to full scale) after setting outgoing 
voltage to full scale. This graph is a plot of the formula 

S. W.R.— 
Vo+ Vr 

Vo— Vr 
where Vo and Vr are the outgoing and reflected compo-
nents, respectively, of the voltage on the transmission 
line. 
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Fig. 21-38 — A simple bridge circuit useful for imped-
ance-matching in coaxial lines. 

C2 -- disk ceramic. 
Ii 2 17-olon e  !.j watt. 

iir ,depending on line impedance) 
• position, t. 

114 — MOO 11,01111po -. I 1 1. rn, I watt. 
J2 — c oaxial connector. 
The meter may be a OA milliammeteror d.c. voltmeter 

of any type having a sensitivity of 1000 ohms per volt 
or greater, and a full-scale range of 5 to 10 volts. Nega-
tive side of meter connects to ground. 

R2, should have identical relationships with 
metal parts, to keep the shunt capacitances 
equal, and also should have the same lead lengths 
so the inductances will balance. Leads should be 
kept, as short as possibh•. 

S. W. R. Measurement with a Bridge 

For reasonably accurate measurement of s.w.r. 
the bridge must not, only be well constructed, 
along the lines described above, but must have a 
voltmeter of very high impedance compared 
with the line impedance awl must have provision 

7777,Me 

for measuring the voltage applied to the bridge 
as well as the voltage developed between the 
arms. This is so the applied voltage can be kept 
constant (by regulating the transmitter output) 
both with and without the transmission line con-
nected to the load terminals. If the input voltage 
is not maintained at a constant value the readings 
are unreliable. The same d.c. instrument can be 
used for both voltage measurements, but separate 
crystal rectifiers must be provided. Fig. 21-40 is 
the circuit of a bridge so equipped. Since the 
"input" voltmeter is simply used as a reference, 
its linearity is not important, nor does its reading 
have to bear any definite relationship to that of 
the " bridge" voltmeter, except that its range 
has to be at least twice that of the latter. 
The resistance in the bridge voltmeter circuit 

should be of the order of 100 times the line im-
pedance to avoid voltmeter errors; that is, R4 
plus the voltmeter resistance should be at least 
50,000 ohms. This generally requires a sensitive 
d.c. instrument such as a 0-100 microammeter, a 
20,000-ohms-per volt voltmeter, or, better, a 
VTVM. 

Testing and Calibration 

In a bridge intended for s.w.r. measurement 
rather than simple matching, the first check is 
to apply just enough r.f. voltage so that the bridge 
voltmeter reads full scale with the load terminals 
open. Measure the input voltage, then short-
circuit the load terminals arid readjust the input 
to the same voltage. The bridge voltmeter should 
again register full scale. If it does not, the ratio 
arms, R1 and R2, probably are not exactly equal. 
These two resistors should be carefully matched, 
although their actual value is not critical. This 
test should he made at the highest frequency to 
be used. If a similar test at a low frequency 
shows better balance, the probable cause is stray 
inductance or capacitance in one arm not bal-
anced by equal strays in the other. 

After. the " short" and " open" readings have 
been equalized, the bridge should be checked for 
null balance with a " dummy" resistor equal to 
the line impedance connected to the load termi-
nals. It is convenient to mount, a half- or 1-watt 
resistor of the proper value in a coax connector, 
keeping it centered in the connector and using 
the minimum lead length. The bridge voltmeter 
should read zero at all frequencies. A reading 
above zero that remains constant, at all fre-
quencies indicates that the " dummy" resistor is 

• 

Fig. 21-39 — An inexpensive bridge for matching ad-
justments using the circuit of Fig. 21-38. It is built in a 
I% X 2,4 X 4-inch "Channel-lock" box. The standard 
resistor, ii3, bridges the two coax connectors. A pin 
jack is provided for connection to the d.c. meter; the 
meter negative can be connected to the case or a coax 
fitting. 

• 
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Fig. 21-40— Bridge circuit for s.w.r. measurements. 
This circuit is intended for use with a d.c. voltmeter, 
range 5 to 10 volts, having a resistance of 10,000 ohms 
per volt or greater. 

C., C2, C3, C4 — 0.005-afd. disk ceramic. 
RI, R2 — 47-ohm composition, j4 or 1 watt. 
113— 50- or 75.ohm (depending on line impedance) 

composition, 3,¡. or 1 watt. 
114, Ra — 10,000 ohms, 3 watt. 
Ji, J2— Coaxial connectors. 
Meter connects to either "input" or "bridge" position 

as required. 

not matched to 113, while readings that vary with 
frequency indicate stray reactive effects or stray 
coupling between parts of the bridge. 
When the operation is satisfactory on the two 

points just described, the null should be checked 
with the dummy resistor connected to the bridge 
through several different lengths of transmission 
line, to ensure that 113 actually matches the line 
impedance. If the null is not complete in this test 
both the dummy resistor and R3 will have to be 
adjusted until a good match is obtained. With 
care, composition resistors can be filed down to 
raise the resistance, so it is best to start with re-

Fig. 21-41 — Top and bottom views of s.w.r. bridge 
using the circuit of Fig. 21-40. The box is constructed 
from flashing cooper anti measures 3 inekes long, l" 
deep and 15,4,1u ide, the width being selected to be ju..1 
great enough to permit connecting a I-watt standard 
resistor, 16. to the coax fittings with substantially no 
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sistors somewhat low in value. \Vit Ii each change 
in 113, adjust the dummy resistor to give a good 
null when connected directly to the bridge, then 
try it at the end of several different lengths of 
line, continuing until the null is satisfactory under 
all conditions of line length and frequency. A dis-
crepancy of a few per cent of the full-scale reading 
is tolerable. 
With a high-impedance voltmeter, the s.w.r. 

readings will closely approximate the theoretical 
curve of Fig. 21-37. The calibration can be 
checked by using composition resistors as loads. 
Adjust the transmitter coupling so that the bridge 
voltmeter reads full scale with the output termi-
nals open, and then check the input voltage. 
Connect various values of resistance across the 
output terminals, making sure that the input 
voltage is readjusted to be the same in each case, 
and note the reading with the meter in the bridge 
position. The s.w.r. is given by 

Ro 
S.W.R. =- -' or — 

nu RI. 
where Ro is the line impedance for which the 
bridge has been adjusted to null, and /?1, is 
the resistance used as a load. Use the formula 
that places the larger of the two resistances in 
the numerator. If the readings do not correspond 
exactly for the same s.w.r. when appropriate 
resistors above and below the line impedance for 
which the bridge is designed are used, the current 
taken by the voltmeter is affecting the measure-
ments. 

Using a 0-100 mieroammeter, a 20,000-ohms-
per-volt voltmeter on a 5-volt or higher range, or 
a VT voltmeter, the difference between " up" and 
"down" s.w.r. measurements should be negligi-
ble, provided the load resistors used for this test 
can be measured (at tl.c.) with sufficient accuracy. 
Values over 1000 ohms or so should not be used 
at the higher frequencies. 

lead length. ,t small piece of copper -.Meld- the bridge 
arms fr  the er> st ai rectifiers. RI and R2 are sym-
metrically Oared with respect to and are at right 
angles to it to reduce stray coupling. The positive side 
of the d.,. meter connects to the feetl.through bushings 
and the negati, e to the screw below them. 
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Using the Bridge 

The procedure is the same whether the bridge 
is used for matching or for s.w.r. measurement. 
Apply power with the load terminals either open 
or shorted, and adjust the input until the bridge 
voltmeter reads full scale. Because the bridge 
operates a very low power level it may be neces-
sary to couple it to a low-power driver stage 
rather than to the final amplifier. Alternatively, 
the plate voltage and excitation for the final 
amplifier may bte reduced to the point where the 
power output is\ef the order of a few watts. Then 
connect the load and observe the voltmeter read-
ing. For matching, adjust the matching network 
until the best possible null is obtained. For s.w.r. 
measurement, note the input voltage after ad-
justing for full-scale with the load terminals open 
or shorted, then connect the load and readjust the 
transmitter for the same input voltage. The 
bridge voltmeter then indicates the standing-
wave ratio. 

Parallel-Conductor Lines 

Bridge measurements made directly on paral-
lel-conductor lines are frequently subject to 
considerable error because of " antenna" currents 
flowing on such lines. These currents, which are 
either induced on the line by the field around the 
antenna or coupled into the line from the trans-
mitter by stray capacitance, are in the same 
phase in both line wires and hence do not balance 
out like the true transmission-line currents. They 
will nevertheless actuate the bridge voltmeter, 
causing an indication that has no relationship to 
the standing-wave ratio. 

To ton 
Source —(V  
of R.F 

Br Idge 

Fig. 21-42 — Circuit for using coaxial s.w.r. bridge for 
measurements on parallel-conductor lines. Values of 
circuit components are identical with those used for the 
similar "antenna-coupler" circuit diseu,sed in the chap-
ter on transmission lines. 

The effect of "antenna" currents on s.w.r. 
mea.surements can be largely overcome by using 
a coaxial bridge and coupling it, to the parallel-
conductor line through a pr(perly-designed 
impedance-matching circuit. A suitable circuit 
is given in Fig. 21-42. It closely resembles the 
common type of " antenna coupler," and in fact, 
such a coupler can be used for the purpose. In 
the balanced tank circuit the "antenna" or 
parallel components on the line tend to balance 
out and so are not passed on to the s.w.r. bridge. 
It is essential that L1 be coupled to a "cold" 
point on L2 to minimize capacitive coupling, and 
also desirable that the center of L2 be grounded 
to the chassis on which the circuit is mounted. 

Values should be such that L2C2 can be tuned 
to the operating frequency and that L1 provides 
sufficient coupling, as described in the trans-
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Fig. 2143 — The "twin-lamp" standing-wave indicator 
mounted on 300-ohm Twin-Lead. Scotch tape is used 
for fastening. 

mission-line chapter. The measurement procedure 
is a.s follows: 
Connect a noninductive or 1-watt carbon) 

resistor, having the same value as the charac-
teristic impedance of the parallel-conductor line, 
to the " line" terminals. Apply r.f. to the bridge, 
adjust the taps on L2 (keeping them equidistant 
from the center), while varying the capacitance of 
nand C2, until the bridge shows a null. After the 
null is obtained, do not touch any of the circuit 
adjustments. Next, short-circuit the " line" ter-
minals and adjust the r.f. input until the bridge 
voltmeter reads full scale. Remove the short-
circuit and test resistor, and connect the regular 
transmission line. The bridge will then indicate 
the standing-wave ratio on the line. 
The circuit requires rematching, with the test 

resistor, whenever the frequency is changed 
appreciably. It can, however, be used over a 
portion of an amateur band without readjust-
ment, with negligible error. 

The "Twin-Lamp" 

A simple and inexpensive standing-wave 
indicator for 300-ohm line is shown in Fig. 
21-43. It consists only of two flashlight lamps 
and a short piece of 300-ohm line. When laid 
flat against the line to be checked, the combi-
nation of inductive and capacitive coupling is 
such that outgoing power on the line causes the 
lamp nearest to the transmitter to light, while 
reflected power lights the lamp nearest the load. 
The power input to the line should be adjusted 
to make the lamp nearest the transmitter light 
to full brilliance. If the line is properly matched 
and the reflected power is very low, the lamp 
toward the antenna will be dark. If the s.w.r. is 
high, the two lamps will glow with practically 
equal brilliance. 
The length of the piece of 300-ohm line needed 

in the twin-lamp will depend on the transmitter 
power and the operating frequency. A few inches 
will suffice with high power at high frequencies, 
while a foot or two may be needed with low 
power and at low frequencies. 
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In constructing the twin-lamp, cut one wire in 

the exact center of the piece and peel the ends 
back on either side just far enough to provide 
leads to the flashlight lamps. Remove about 3 

Fig. 21-44 — iring diagram of the "twin-lamp* 
standing-wave indicator. 

inch of insulation from one wire of the main 
transmission line at some convenient point. Use 
the lowest-current flashlight bulbs or dial lamps 
av:tilable. Solder the tips of the bulbs together 
and connect them to the bare point in the t rans-
mission line, then solder the ends of the cut por-
tion of the short piece to 1 he shells of the bulbs. 
Figs. 21-43 and 21-44 should make the construe-
tion clear. 

Installing the twin-lamp on a line introduces 
a discontinuity in the line impedance which 
causes the s.w:r. from the twin-lamp back to the 
transmitter to differ from the s.w.r. existing 
between the antenna and twin-lamp. For this 
reason it is desirable to remove it, after s.w.r. 
checks have been made. It is convenient to mount 
the t win-lamp on a short length of line fitted to 
a 300-ohm plug at one end and a mating socket 
at the other. If similar plugs and sockets are used 
on the transmitter and regular transmission line, 
the whole test unit can be inserted and taken 
out at will. 
The twin-lamp will respond to "antenna" cur-

rents on the transmission line in much the same 
way as the bridge circuits discussed earlier. There 
is therefore always a possibility of error in its in-
client ions, unless it has been determined by other 
means that "antenna" currents are inconsequen-
tial compared with the true transmission-line 
current. 

The Oscilloscope 

The cathode-ray oscilloscope gives a visual 
represent at ion of signals at both audio and radio 
frequencies and can therefore be used for many 
types of measurements that are not possible with 
instruments of the types discussed earlier in this 
chapter. In amateur work, one of the principal 
uses of the 'scope is for displaying an amplitude-
modulated signal so a 'phone transmitter can be 
adjusted for proper modulation and continu-
ously monitored to keep the modulation percent-
age within proper limits. For this purpose a very 
simple circuit will suffice, and an oscilloscope de-
signed expressly for this purpose is described in 
this section. 
The versal ility of the 'scope can be greatly in-

creased by adding amplifiers and linear deflection 
circuits, but the design and adjustment of such 
circuits tends to be complicated if optimum per-
formance is to be secured, and is somewhat, out-
side the field of this chapter. Special components 
are generally required. Oscilloscope kits for home 
assembly are available front a number of suppliers, 
and since their cost compares very favorably 
with that of a home-built instrument, of com-
parable design, they are recommended for serious 
consideration by those who have need for or are 

Ileater Cathode 
h'igit-volte; sands 
(Anode No. 2) 

ear\: emm 

interested in the wide range of measurements 
that is possible with a .1111)--equipped 'scope. 

• CATHODE-RAY TUBES 
The heart of the oscilloscope is the cathode-

ray tube, a vacuum tube in which the electrons 
emitted from a hot cathode are first accelerated 
to give them considerable velocity, then formed 
into a beam, and finally allowed to strike a 
special translucent screen which fluoresces, or 
gives off light at the point where the beam 
st e ikes. A beam of moving electrons can be moved 
laterally, or deflected, by electric or magnetic 
fields, and since its weight and inertia are neg-
ligibly small, it can be made to follow instantly 
the variations in periodically-changing fields at 
both audio and radio frequencies. 
The electrode arrangement that forms the 

electrons into a beam is called the electron gun. 
In the simple tube structure shown in Fig. 
21-45, the gun consists of the cathode, grid, 
and anodes Nos. 1 and 2. The intensity of the 
electron beam is regulated by the grid in the 
same way as in an ordinary tube. Anode No. 1 
is operated at a positive potential with respect 

Vertical 
de laflecting 
ptes 

Control electrode Focusing Horizontal 
(Grid No.') electrode aeliectiee 

(Anode Ne) 

Glass 
envelope 

Fig. 21-45 — Typical construction for a cathode-ray tube of the electrostatic-deflection type. 
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to the cathode, thus accelerating the electrons 
that pass through the grid, and is provided 
with small apertures through which the elec-
tron stream passes. On emerging from the 
apertures the electrons are traveling in practi-
cally parallel straight-line paths. The electro-
static fields set up by the potentials on anode 
No. 1 and anode No. 2 form an electron lens 
system which makes the electron paths con-
verge or focus to a point at the fluorescent screen. 
The potential on anode No. 2 is usually fixed, 
while that on anode No. 1 is varied to bring the 
beam into focus. Anode No. 1 is, therefore, called 
the focusing electrode. 

Electrostatic deflection, the type generally 
used in the smaller tubes, is produced by de-
flecting plates. Two sets of plates are placed at 
right angles to each other, as indicated in Fig. 
21-45. The fields are created by applying suit-
able voltages between the two plates of each 
pair. Usually one plate of each pair is connected 
to anode No. 2, to establish the polarities of 
the vertical and horizontal fields with respect 
to the beam and to each other. 

Formation of Patterns 

When periodically-varying voltages are ap-
plied to the two sets of deflecting plates, the 
path traced by the fluorescent, spot forms a 
pattern that is stat ionary so long as the ampli-
tude and phase relationships of the voltages 
remain unchanged. Fig. 21-46 shows how such 
patterns are formed. The horizontal sweep 

Y 

X' 

Fie. 21-4(, --
s.,11 axe waveshape 
a- siewed on an 
o.cill..scope screen. 
-bowing the forma-
tion of the pattern 
from the horizontal 
.ass tooth) and ver-
tieal sweep voltages. 

Y. 
voltage is assumed to have the "sawtooth" 
waveshape indicated. With no voltage applied 
to the vertical plates the trace simply sweeps 
from left. to right across the screen along the 
horizontal axis X— X' until the instant is 
reached, when it reverses direct ion and returns 
to the start big point. The sine-wave voltage 
applied to the vertical plates similarly would 
trace a line along the axis Y— Y' in the absence 
of any deflecting voltage on the horizontal 
plates. However, when both voltages are pres-
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ent the position of the spot at any instant 
depends upon the voltages on both sets of 
plates at that instant. Thus at time B the 
horizontal voltage has moved the spot a short 
distance to the right and the vertical voltage 
has similarly moved it upward, so that it 
reaches the actual position B' on the screen. 
The resulting trace is easily followed from the 
other indicated positions, which are taken at 
equal time lut ervals. 

Types of Sweeps 

A sawtooth sweep-voltage waveshape, such 
as is shown in Fig. 21-46, is called a linear 
sweep, because the deflection in the horizontal 
direction is ditectly proportional to time. If 
the sweep were perfect the fly-back time, or 
time taken for the spot to return from the end 
(H) to the beginning (/ or A) of the horizontal 
trace, would be zero, so that the line HI would 
be perpendicular to the axis Y—Y'. Although 
the fly-back time cannot be made zero in prac-
ticable sweep-voltage generators it can be 
made quite small in comparison to the time of 
the desired trace A H, at least at most frequen-
cies within the audio range. The line H' I' is 
called the return trace; with a linear sweep it is 
less brilliant, than the pattern, because the spot is 
moving much more rapidly during the fly-back 
time than during the time of the main trace. 
The linear sweep shows the shape of the wave 

in the same way that it is usually represented 
graphically. If the period of the a.c. voltage ap-
plied to the vertical plates is considerably less than 
the time taken to sweep horizontally across the 
screen, several cycles of the vertical or "signal" 
voltage will appear in the pattern. 
The shape of the pattern obtained, with a 

given signal waveshape on the vertical plates, 
obviously will depend upon the shape of the 
horizontal sweep voltage. If the horizontal 
sweep is sinusoidal, the main and return sweeps 
each occupy the same time and the spot moves 
faster horizontally in the center of the pattern 
than it does at. the ends. When two sinusoidal 
voltages of the same frequency are applied to 
both sets of plates, the pattern may be a 
straight line, an ellipse, or a circle, depending 
upon the amplitudes and phase relationships of 
the two voltages. 

For many amateur purposes a satisfactory 
horizontal sweep is simply a 60-cycle voltage 
of adjustable amplitude. In modulation moni-
toring (described in the chapter on amplitude 
modulation) audio-frequency voltage can be 
taken from the modulator to supply the horizon-
tal sweep. For examination of audio-frequency 
waveforms, the linear sweep is essential. Its fre-
quency should be adjustable over the entire 
range of audio frequencies to be inspected on the 
oscilloscope. 

Lissajous Figures 

When sinusoidal a.c. voltages are applied 
to the two sets of deflect big plates in the os-
cilloscope the resultant pattern depends on 
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he relative amplitudes, frequencies and phase 

of the two voltages. If the ratio bet ween the 
t wo frequencies is constant. and can be expressed 
in intergers a stat ionary pat t ern will bp pri )( lured. 
This makes it. piisisible to use the oscillosnipe for 

PATTERNS FREQ. RATIO 

1:1 

2:1 

3: t 

3 : 2 

4 : 3 

Fig. 21-47 - Lissajous ligures and corresponding Ire-
queney bet- ,1 90-degree phase relationship between 
the o"Itages meld ii•il to the two sets of ' kneeling plates. 

determining an unknown frequency, provided a 
variable frequency standard is available, or for 
determining calibration points for a variable-
frequency oscillator if a few known frequencies 
are available for comparison. 
The stationary patterns obtained in this 

way are called Lissajous figures. Examples 
of some of the simpler Lissajous figures are 
given in Fig. 21-47. The frequency ratio is ound 
by counting the number of loops along two adja-
cent edges. Thus in the third figure from the 
top there are three loops along a horizontal 

Fig. 21-Pi — A 2-inch oscilloscope of compact construc-
tion, suitable for modulation measurements and moni-
toring. It is designed around the 2E119 cathode-ra tube 
and can be mounted either in the transmitter it-ell nr 
in a separate cabinet. (Built by ;ramp and II I :\ I (1.) 

edge and only one along the vertical, so the 
ratio of t he vert ical frequency to the horizontal 
frequency is :1 to 1. Similarly, in the fifth 
figure fn1111 OW Ir np :ire four loops along 
the horizontal edge and three along the ver-
tical edge, giving a rat ir r Id 4 to 3. Assuming 
that. the known frequency is applied to the 
horizontal plates, 1 he unknown frequency is 

where fi = 

12 

fi = 

n2 = 

= ft 

known frequency applied to hori-
zontal plates, 
unknown frequency applied to ver-
tical plat es, 
number of loops along a vertical 
edge, and 
number of loops along a horizontal 
edge. 

An important application of Lissajous fig-
uras is in the calibration of audio-frequency 
signal generators, l'or very low frequencies the 
60-cycle power-line frequency is held accurately 
enough to be used as a standard in most localit ies. 
The medium audio-frequency range can be cov-
ered by comparison with the 440- and 600-cycle 
modulation on the WWV transmissions. An 
oscilloscope having both horizontal and vertical 
amplifiers is desirable, since it is convenient to 
have a means for adjusting the voltages applied 
to the deflection plates to secure a suitable pat-
tern size. It is possible to calibrate over a 10-
to-1 range, both upwards and downwards, from 
each of the latter frequencies and thus cover the 
audio range useful for voice communication. 

A Simple Oscilloscope 

Figs. 21-48 through 21-50 show the circuit and 
constructional details of a simple 2-inch oscil-
loscope suitable for t he r. f. measurements de-
scribed in the chapter on amplit ude modulation. 
The compact assembly, with everything sup-

21-49 — Rear view of the 2-inch oscilloscope. The 
2111'1 is supported by the strap at the end of the shield, 
whirl' clamps around the tube base. The tube socket 
floats, with short flexible leads running to the terminal 
board. 
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ported by the 3% by 5%-inch panel, makes it 
possible to mount it right in a transmitter unit, 
if desired. In such case the heater power and high 
voltage for the 2B P1 tube may be 1 aken from the 
transmitter power supply. The heater of the tube 
requires 6.3 volts at 0.6 ampere. The high voltage 
may he anything between 500 and 1000 volts, the 
maximum current. being about 600 microamperes. 

Fig. 21-50 is the circuit diagram of the unit. 
Four controls are provided, for adjusting the focus 
and brightness and for centering the pattern both 
horizontally and vertically. The horizontal and 
vertical signal input terminals are isolat ed from 
the c.r.t. deflection plates for d.c. by blocking 
condensers C1 and C2. These condensers should 
be rated to stand the maximum voltage applied 

SiG. 
INPUT 

î 

0  SIG 
INPUT o 

_L. 

CENT. 

R.0 INTEN. 

+H V. 

6.3V. 

Fig. 21-50 — Circuit diagram of the 2-inch oscilloscope. 
'I'he high voltage may be between 500 and 1000 volts, 
according to the voltage av ailablc. 

Ci, Cz, C4, C5 — 0.01-pfd., 1000-, ,. 1t rating. 
C3 — 0.5 gfd., 500 volts. 
Ri, 112 — 3-megolini % ohmic control. 
113, 114 — 82,000 ohms. 1,2 watt. 
lis, Its— 2.2 megolinis„ 12 watt. 
117 — 0.75 megolun, I watt. 
• Rio — 0.25-inegolini volume control. 
• — 0.1 megolun, I watt. 
Rii — 0.27 megohm. I watt. 

to the tube plus the peak signal voltage. The sig-
nal voltage required for full deflection depends 
on the high voltage used, and for 500-volt opera-
tion is 65 volts per inch horizontally and 40 volts 
per inch vertically. At 1000 volts the correspond-
ing figures are 130 volts per inch horizontally 
and 80 volts per inch vertically. 
As shown in Figs. 21-48 and 21-49, the four 

control potent iometers are mounted in pairs each 
side of the c.r.t. face on the panel. Quarter-inch 
brass rods support a small bakelite panel at the 
rear. Power connections are made by means of a 

o--cr"e  
115 V.A.C. 51 

52 
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+H.V. 

Gnd. 

 o 

6.3 V. 

 o 

60", 
Sweep 
Output 

Gnd. 

Fig. 21-51 — Suggested power supply for the 2-inch 
oscilloscope if power is not supplied by the transmitter. 
A 60-cycle sweep circuit is included. 

Ci — 0.25 to 1 gfd., 1000 volts. 
RI — 0.5-megohm volume control. 
Si, S2 — S.p.s.t. toggle. 
Ti - Small replacement transformer, 250 to 350 volts 

each side c.t.. current rating unimportant. The 
2X2 rectifier filament is supplied by one-half 
of the 5-volt rectifier winding. Filament second-
ary 6.3 volts, current required 0.6 amp. 

T2 — Audio transformer, 1 to 1 ratio suitable. 

terminal strip, and double binding-post assem-
blies are used for the signal inputs. The brass rod 
supports are drilled and tapped at the ends, and 
at the front are assembled to the same holes that 
mount the bezel ( Millen 80072) and the tube 
shield (Millen 80042). The latter is used to pro-
tect the tube from both low-frequency a.c. and 
r.f. fields that act on the beam and distort the 
patt ern. 

Connections and use of an oscilloscope of this 
type for modulation checking are described in 
the chapter on amplitude modulation. For the 
trapezoidal pattern some of the audio voltage 
from the modulator should be applied to the 
horizontal plates through a voltage divider as 
described in that chapter. For continuous moni-
toring of modulation a 60-cycle sweep can be used 
on the horizontal plates. The 60-cycle voltage 
can be obtained through a small audio trans-
former from the power line, as indicated in Fig. 
21-51, with a potentiometer for setting it to the 
proper value to give a pattern of the desired 
size. 
The unit can of course be mounted in a stand-

ard utility box or cabinet, if desired, in which 
event it is convenient, to include a power supply. 
A suitable diagram is given in Fig. 21-51. Any 
small replacement transformer can be used since 
the power required is extremely small. 
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Assembling a 

Station 
An amateur station is generally far better 

known by its signal and good operation than by 
its physical appearance. Good operating and a 
clean signal will build a reputation faster than 
thousands of dollars invested in special equip-
ment and an elaborate " shack," and it is this 
very fact that makes amateur radio the demo-
cratic hobby that it is. However, most ama-
teurs take pride in the arrangement of their 
stations, in the same way that they ate careful 
of the appearance and arrangement of any-
thing else that is part of the household. An an-
tenna installation is the only external indication 
of the amateur station, and the degree of neatness 
required is generally determined by the district 
where the amateur lives and the attitude of the 
neighbors. However, with the advent of all 
different kinds of television receiving antennas, 
neighbors are in a much less favorable position 
to complain about the appearance of an amateur 
antenna system in the vicinity. TVI is some-
thing else, however! 
The actual location inside the house of the 

"shack" — the room where the transmitter 
and receiver are located — depends, of course, 
on the free space available for amateur activi-
ties. Fortunate indeed is the amateur with a 
separate room that he can devote to his ama-
teur station, or the few who can have a special 
small building separate from the main house. 
However, most amateurs must share a room 
with other domestic activities, and amateur 
stations will be found tucked away in a corner 
of the living room, a bedroom, a large closet, 
or even under the kitchen stove! A spot in the 
cellar or the attic can almost be classed as a 
separate room, although it may lack the " fin-
ish" of a normal room. 

Regardless of the location of the station, 
however, it should be designed for maximum 
operating convenience and safety. It is foolish 
to have the station arranged so that the throw-
ing of several switches is required to go from 
"receive" to " transmit," just as it is silly to 
have the equipment arranged so that the op-
erator is in an uncomfortable and cramped 
position during his operating hours. The rea-
sons for building the station as safe as possible 
are obvious, if you are interested in spending a 
number of years with your hobby! 

e CONVENIENCE 
The first consideration in any amateur 

station is the operating position, which in-
cludes the operator's table and chair and the 
pieces of equipment that are in constant use 
(the receiver, send-receive switch, and key or 
microphone). The table should be as large as 
possible, to allow sufficient room for the re-
ceiver or receivers, frequency-measuring equip-
ment, monitoring equipment, control switches, 
and keys and microphones, with enough space 
left over for the logbook, a pad and pencil, and 
perhaps a large ash tray. Suitable space should 
be included for radiogram blanks and a call 
book, if these accessories are in frequent use. 
If the table is small, or the number of pieces of 
equipment is large, it is often necessary to build 
a shelf or rack for the auxiliary equipment, or 
to mount it in some less convenient location in 
or under the table. If one has the facilities, a 
semicircular " console" can be built of wood, or 
a simpler solution is to use two small wooden 
cabinets to support a table top of wood or 
Masonite. Home-built tables or consoles can 
be finished in any of the available oil stains, 
varnishes, paints or lacquers. Many operators 
use a large piece of plate glass over part of their 
table, since it furnishes a good writing surface 
and can cover miscellaneous charts and tables, 

This compact station is arranged for clean-cut c.w. 
operation, with no frills or extras. The homemade 
modern-style table provides adequate operating space, 
a cubbyhole for log and Call Book, and drawers for 
QSL cards and spare parts. (W9NN, Des Plaines, (II.) 
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prefix lists, operating aids, calendar, and simi-
lar accessories. 

If the major interests never require frequent 
band changing, or frequency changing within 
a band, the transmitter can be located some 
distance from the operator, in a location where 
the meters can be observed from time to time 
(and the color of the tube plates noted!). If 
frequent band or frequency changes are a part 
of the usual operating procedure, the trans-
mitter should be mounted close to the oper-
ator, either along one side or above the re-
ceiver. so that the controls are easily accessible 
without the need for leaving the operating 
position. 

1 
0 0 
6 6 

o 
b d 

o rT 0 

40 00 ,,erh 

Fig 22-1 — In a statior assembled for maximum ease 
in fret uency or band ci anging, the transmitter should 
be located next to the operating position, as shown 
above. On the operating table, the receiver is in front of 
the operator and V FO or crystal-switching oscillator on 
the left. (The \ FO or crystal oscillator could be part of 
the transmitter proper, but most operators seem to 
prefer a separate VFO.) 
The frequency standard and other auxiliary equip-

ment can tttttt mted on a shelf above the receiver. The 
operating table can he an old desk, or a top supported 

two small wooden cabinets. The "send-receive" 
switch is to the right of the telegraph keys — other 
switches are on the transmitter or the individual units. 
The above arrangement can be made to look cleaner 

by arranging all of the equipment on the table behind a 
single panel or a set of panels. In this case, provision 
 st lie made for getting behind the panel for servicing 
the units. 

A compromise arrangement would place the 
VFO or crystal-switched oscillator at the cp-
erating position and the transmitter in some 
convenient location not adjacent to the op-
erator. Since it is usually possible to operate 
over a portion of a band without retuning the 
transmitter stages, an operating position of this 
type is an advantage over one in which the 
operator must leave his position to make a 
change in frequency. 

Controls 

The operator has an excellent chance to 
exercise his ingenuity in the location of the op-
erating controls. The most important controls 
in the station are the receiver tuning dial and 
the send-receive switch. The receiver tuning 
dial should be located four to eight inches 
above the operating table, and if this requires 
mounting the receiver off the table, a small 
shelf or bracket will do the trick. With the 

One of the most convenient station arrangements is to 
build a semi> ircular operating table a- shown itere. ..t11 
operating controls are readily available. and consider-
ably more equipment can be grouped around the op-
erator than when an ordinary desk is used. ( If .2S/11, 
Riverton, A. J.) 

single exception of the amateur whose work is 
almost entirely in traffic or rag-chew nets, 
which require little or no attention to the re-
ceiver. it will be found that the operator's 
hand is on the receiver tuning dial most of the 
time. If the tuning knob is too high or too low. 
the hand gets cramped after an extended 
period of operating, hence the importance of 
a properly-located receiver. The majority of 
c.w, operators tune with the left hand, pre-
ferring to leave the right hand free for copying 
messages and handling the key, and so the 
receiver 4tould be mounted where the knob 
can be reached by the left hand. 'Phone op-
erators aren't tied down this way, and tune the 
communications receiver with the hand that is 
more convenient.. 
The hand key should be fastened securely 

ta the table, in a line just outside the right 
shoulder and far enough back from the front 
edge of the table so that the elbow can rest on 
the table. A good location for the semiauto-

In this arrangement, the two receivers (with separate 
londspeaLers , and the transmitter \-F0 are all within 
easy reach of the operator, while the numitoring 
scope on the left -hand transmit ter rack van be easd seen 
from the operating position. ( If"7„f II, Boulder ( ity. Ayr.) 
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matie or bug" key is right next to the hand-
key, although some operators prefer to mount 
the automatic key in front of them on the left, 
so that the right forearm rests on the table 
parallel to the front edge. 
The best location for the microphone is 

directly in front of the operator, so that he 
doesn't have to shout across the table into it, 
or run up the speech-amplifier gain so high 
that all manner of external sounds are picked 
up. If the microphone is supported by a boom 
or by a flexible " goose neck," it can be placed 
in front of the operator without its base taking 
up valuable table space. 

In any amateur station worthy of the name, 
it should be necessary to throw no more than 
one switch to go from the " receive" to the 
"transmit" condition. In 'phone stations, this 
switch should be located where it can be easily 
reached by the hand that isn't on the receiver. 
In the case of e. w. operation, this switch is 
most rffil venien t ly located to the right or left 
of the key, although some operators prefer to 
have it mounted on the left-hand side of the 
operating position and work it with the left 
haml while the right hand is gm the key. 
Either location is satisfactory, of course, and 
the choice depends upon personal preference. 
Some operators use a foot-controlled switch, 
hich is a convenience but doesn't allow too 

ni wli freedom of position during long oper-
ating periods. 

If the microphone is hand-held during 
'phone operation, a " push-to-talk" switch on 
the microphone is convenient, but hand-held 
microphones tie up the use of one hand and 

Fig. 22-2 — V, hen little space is as ailable for the ama-
teur station, the equipment has to be spotted where it 
will lit. In the above arrangement, the transmitter. 
 halator and power supplies (separate units) are 
sandwiched in alongside the operating table and on a 
shelf above the table. The antenna tuning unit is 

ttttt ted over the feed-through insulators that bring 
I be antenna line into the -shark," and loudspeaker and 
small power supplies are indamted under the table. The 
duderating position is clean, however. with the V FO, 
receiver and keys at table level. The tuning knob of this 
dwcis er would be uncomfortably low if the meek ter 

crcee't raised by the wooden "arch, and the --end-
recci, e- sm itch i mounted on the right-handl sidle tef this 
arch, next to the hand key. Interconnecting leads should' 
lw cabled along the back of the table and table legs, to 
keep them inconspicuous. 
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This illustrates how concealing all intereonnecting wires 
and eliminating gear not necessary to comnumication 
results in an extremely neat station. t 1-E3AUJ, Wood-
3tork. Ont.) 

are not too desirable, although they are widely 
used in mobile and portable work. 
The location of other switches, such as those 

used to control power supplies, filaments, 
'phone/c.w. change-over and the like, is of no 
particular importance, and they can be located 
on the unit with which they are associated. 
This is not strictly trae in the case of the 
'phone/c.w. DX man, who sometimes has 
need to change in a hurry from c.w. to 'phone. 
In this case, the change-over switch should be 
at the operating table, although the actual 
change-over should be done by a relay controlled 
by the switch. 

If a rotary beam is used the control of the 
beam should be convenient to the operator. 
The direction indicator, however, can be located 
anywhere within sight of the operator, and does 
not have to be located on the operating table 
unless it is included with the control. 
When several fixed beams are used, the se-

lection of any one should be possible from the 
operating position, to minimize the time re-
quired to select the proper one. This generally 
means using a series of antenna relays or a 
stepping switeli. 

Frequency Spotting 

In a station where a VFO is used, or where a 
number of crystals is available, the operator 
should be able to turn on only the oscillator of 
his transmitter, so that he can spot accurately 
his location in the band with respect to other 
stations. This allows him to see if he has any-
thing like a clear channel (if such a thing exists 
in the amateur bands!), or to see what his fre-
quency is with respect to another station. Such 
a provision can be part of the " send-receive" 
switch. Switches are available with a center 
"off " position, a " hold" position on ene side, 
for turning on the )soillatur only, and a " lock" 
position on the other side for turning mi the 
transmitter and antenna relays. If oscillator 
keying is used, the key serves the same pur-
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Fig. 22-3 — Power circuits for a high-power station. A shows the outlets for the receiver, monitoring equipment, 
speech amplifier and the like. The outlets should be mounted inconspicuously on the operating table. B shows the 
transmitter filament circuits and control-relay circuits, if the latter are used. C shows the plate-transformer primary 
circuits, controlled by the power relay. A heavy-duty switch can be used instead of the relay, in which case the 
antenna relay would be connected in circuit C. 

If 115-volt pilot lamps are used, they can he connected as shown. Lower-voltage lamps must be connected across 
suitable windings on transformers. 

V. ith "push-to-talk" operation, the "send-receive" switch can be a il.p.d.t. affair, with the second pole controlling 
the "on-off" circuit of the receiver. 

pose, provided a " send-receive" switch is 
available to turn off the high-voltage supplies 
and prevent a signal going out on the air during 
adjustment of the oscillator frequency. 

For 'phone operation, the telegraph key or 
an auxiliary switch can control the transmitter 
oscillator, and the " send-receive" switch can 
then be wired into the control system so as to 
control the oscillator as well as the other circuits. 

Comfort 

Of prime importance is the comfort of the 
operator. If you find yourself getting tired 
after a short period of operating, examine 
your station to find what causes the fatigue. It 
may be that the chair is too soft or hasn't a 
straight back or is the wrong height for you. 
The key or receiver may be located so that you 
assume an uncomfortable position while using 
them. If you get sleepy fast, the ventilation 
may be at fault. (Or you tnay need sleep!) 

o POWER CONNECTIONS AND 
CONTROL 

Following a few simple rules in wiring your 
power supplies and control circuits will make 
it an easy job to change units in the station. If 
the station is planned in this way from the 
start, or if the rules are recalled when you are 
rebuilding, you will find it a simple matter to 
revise your station from time to time without a 
major rewiring job. 

It is neater and safer to run a single pair of 
wires from the outlet over to the operating table 

or some central point, rather than to use a 
number of adapters at the wall outlet. 

Interconnections 
The wiring of any station will entail two or 

three common circuits, as shown in Fig. 22-3. The 
circuit for the receiver, monitoring equipment 
and the like, assuming it to be taken from a wall 
outlet, should be run from the wall to an incon-
spicuous point on the operating table, where it 
terminates in a multiple outlet large enough to 
handle the required number of plugs. A single 
switch between the wall outlet and the recepta-
cle will then turn on all of this equipment at 
one time. 
The second common circuit in the station is 

that supplying voltage to rectifier- and trans-
mitter-tube filaments, bias supplies, and any-
thing else that is not switched on and off during 
transmit and receive periods. The coil power 
for control relays should also be obtained from 
this circuit. The power for this circuit can come 
from a wall outlet or from the transmitter line, 
if a special one is used. 
The third circuit is the one that furnishes 

power to the plate-supply transformers for the 
r.f. stages and for the modulator. (See chapter 
on Power Supplies for high-power considera-
tions. When it is opened, the transmitter is 
disabled except for the filaments, and the trans-
mitter should be safe to work on. However, one 
always feels safer when working on the trans-
mitter if he has turned off every power supply 
pertaining to the transmitter. 
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With these three circuits established, it be-

comes a simple matter to arrange the station 
for different conditions and with new units. 
Anything on the operating table that runs all 
the time ties into the first circuit. Any new 
power supply or r.f. unit gets its filament 
power from the second circuit. Since the third 
circuit is controlled by the send-receive switch 
(or relay), any power-supply primary that is to 
be switched on and off for send and receive 
connects to circuit No. 3. 

Break-In and Push- To- Talk 

In c.w. operation, " break-in " is any system 
that allows the transmitting operator to hear 
the other station's signal during the " key-up" 
periods between characters and letters. This 
allows the sending station to be " broken" by 
the receiving station at any time, to shorten 
calls, ask for " fills" in messages, and speed 
up operation in general. With present tech-
niques, it requires the use of a separate receiv-
ing antenna and, with high power, some means 
for protecting the receiver from the transmit-
ter when the key is " down." Several methods, 
applicable to high-power stations, are de-
scribed in Chapter Eight. If the transmitter is 
low-powered (50 watts or so), no special 
equipment is required except the separate re-
ceiving antenna and a receiver that " recovers" 
fast. Where break-in operation is used, there 
should be a switch on the operating table to 
turn off the plate supplies when adjusting the 
oscillator to a new frequency, although during 
all break-in work this switch will be closed. 

"Push-to-talk" is an expression derived 
from the " push" switch on some microphones, 
and it means a 'phone station with a single 
control for all change-over functions. Strictly 
speaking, it should apply only to a station 
where this single send-receive switch must be 
held in place during transmission periods, but 
any fast-acting switch will give praetically the 
same effect. A control switch with a center 
"off" position, and one " hold" and one " lock" 
position, will give more flexibility than a 
straight " push" switch. The one switch must 
control the antenna change-over relay, the 
transmitter power supplies, and the receiver 
"on-off" circuit. This latter is necessary to 
disable the receiver during transmit periods, to 
avoid acoustic feed-back. 

Switches and Relays 

It is dangerous to use all overloaded switch 
in the power circuits. After it has been used for 
some time, it may fail, leaving the power on the 
circuit even after the switch is thrown to the 
"off" position For this reason, large switches, 
or relays with adequate ratings, should be used 
to control the plate power. Relays are rated by 
coil voltages (for their control circuits) and by 
their contact current ratings. 
When relays are used, the send-receive 

switch closes the circuit to their coils, thus 
closing the relay contacts. The relay contacts 

are in the power circuit being controlled, and 
thus the switch handles only the relay-coil 
current. 

e SAFETY 
Of prime importance in the layout of the 

station is the personal safety of the operator 
and of visitors, invited or otherwise, during 
normal operating practice. If there are small 
children in the house, every step must be 
taken to prevent their accidental contact with 
power leads of any voltage. A locked room is a 
fine idea, if it is possible, otherwise housing the 
transmitter and power supplies in metal cabi-
nets is an excellent, although expensive, solu-
tion. Lacking a metal cabinet, a wooden cabi-
net or a wooden framework covered with wire 
screen is the next-best solution. Many stations 
have the power supplies housed in metal cabi-
nets in the operating room or in a closet or 
basement, and this cabinet or entry is kept 
locked — with the key out of reach of everyone 
but the operator. The power leads are run 
through conduit to the transmitter, using 
ignition cable for the high-voltage leads. If the 
power supplies and transmitter are in the same 
cabinet, a lock-type main switch for the incom-
ing line power is a good precaution. 
A simple substitute for a lock-type main 

switch is an ordinary line plug with a short 
connecting wire between the two pins. By 
wiring a female receptacle in series with the 
main power line in the transmitter, the short-
ing plug will act as the main safety lock. When 
the plug is removed and hidden, it will be im-
possible to energize the transmitter, and a 
stranger or child isn't likely to spot or suspect 
the open receptacle. 
An essential adjunct to any station is a 

shorting stick for discharging any high voltage 
to ground before any work or coil changing is 
done in the transmitter. Even if interlocks and 
power-supply bleeders are used, the failure of 

This example of a "console" shows how it is possible 
to find room for a receiver and multiband kilowatt 
transmitter (plus power supplies and modulator), to-
gether with a wide variety of accessories including a 
7.inch TV receiver, tape recorder and panoramic 
adapter. (W4RQG, Winston-Salem, N. C.) 
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one or more of these components may leave the 
transmitter in a dangerous condition. The 
shorting stick is made by mounting a small 
metal hook, of wire or rod, on 0111 . end of a dry 
stick or bakelite rod. A iiiece of ignition cable 
or other well-insulated wire is then run from 
the hook on the stick to the chassis or common 
ground of the transmitter, and the stick is hung 
alongside the transmitter. Whenever the 
power is turned off in the transmitter to work 
on the rig, or to change coils, the shorting stick 
is first used to touch the several high-voltage 
leads (tank condenser, filter condenser, tube 
plate connection, etc.) to insure that there is no 
high voltage at any of these points. This simple 
device has saved many a life. Use it! 

Fusing 

A minor hazard in the amateur station is the 
possibility of fire through the failure of a 
component. If the failure is complete and the 
component is large, the house fuses will gen-
erally blow. however, it is unwise and incon-
venient to depend upon the house fuses to 
protect the lines running to the radio equip-
ment, and every power supply should have its 
primary circuit individually fused, at about 150 
to 200 per cent of the maximum rating of the 
supply. Circuit breakers can be used instead of 
fuses if desired. 

Wiring 

Control-circuit wires running between the 
operating position and a transmitter in another 
part of the room should be hidden, if possible. 
This can be done by running the wires under 
the floor or behind t he base molding, bringing 
the wires out to terminal boxes or regular wall 
fixtures. Such construction, however, is gen-
erally only possible in elaborate installations, 

and the average amateur must content him-
self with trying to make the wires as incon-
spiettous as possible. If several pairs of hulls 
must be run from the operating table to the 
transmitter, as is generally the ease, 0 single 
piece of rubber- or vinyl-coveretI multivon-
ductor cable will always look neater than sev-
eral pieces of rubber-covered lamp cord. 
The antenna wires always present a problem, 

unless coaxial-line feed is used. Open-wire line 
from the point of entry of the antenna line 
should always be arranged neatly, and it is 
generally best to support it at several points. 
Many operators prefer to mount their antenna-
t uning assemblies right at t he point of entry of 
the feedline, together witli an antenna change-
over relay (if one is us(  1 and then the link 
from the tuning assemlely to the transmitter 
can be made of inconspicuous coaxial line or 
Twin-Lead. If the transmitter is mounted near 
the point of entry of t he line, it simplifies the 
problem of " What to do with t he feeders?" 

General 

You can check your station arrangement by 
asking yourself the following questions. If all 
of your answers are an honest " Yes," your 
station will be one of which you can be proud. 

1) Is yoqr station safe, under normal oper-
ating conditions, both for the operator and the 
visitor? 

2) Is the operating position comfortable, 
even after several hours of operating? 

3) Do you throw not more than one switch 
to go from " receive" to '' transmit"? 

4) Does it take only a short time to explain 
to another amateur how to work your station? 

5) Do you show your station to visiting ama-
teurs or laymen without apologizing for its 
appearance? 

This complete half-kilowatt station is an excellent example of how all of the equipment can be concealed incon-
spicuously in the living room. l'he cabinet is built of U.inch plywood finished in blonde mahogany and, with the 
doors closed, looks like a custom-built radio-phonograph eornbitiati4oi. ( 11 .9.1/Qh, Madison, Wisc.) 
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BCI and TVI 
Every amateur has the obligation to make sure 

t hat the operation of his station does not, because 
of any shortcomings in equipment, cause inter-
ference with other radio services. It is unfortu-
nately true that much interference is directly the 
fault of broadcast and TV receiver construction. 
Nevertheless, the amateur can and should help to 
alleviate interference even though the responsi-
bility for it does not lie with him. 

Successful handling of interference cases re-
quires winning the listener's cooperation. here are 
a few pointers on how to go about it. 

Clean House First 

The first step obviously is to make sure that. the 
transmitter has no radiations outside the bands 
assigned for amateur use. The best check on this 
is your own AM or TV receiver. It is always con-
vincing if you can say — and demonstrate — 
that you do not interfere with reception in your 
own home. 

Don't Hide Your Identity 

Whenever you make equipment changes — or 
shift to a hitherto unused band or type of emis-
sion — that might be expected to change the 
interference situation, check with your neighbors. 
If no one is experiencing interference, so much 
the better; it does no harm to keep the neighbor-
hood aware of the fact that you are operating 
without bothering anyone. 
Should you change location, announce your 

presence and conduct occasional tests on the air, 
requesting anyone whose reception is being 
spoiled to let you know about it so steps may be 
taken to eliminate the trouble. 

Act Promptly 

The average person will tolerate a limited 
amount of interference, but no one can be ex-
pected to put up with frequent and extended in-
terruptions to programs. The sooner you take 
steps to eliminate the interference, the more agree-
able the listener will be; the longer he has to wait 
for you, the less willing he will be to coiiperate. 

Present Your Story Tactfully 

When you interfere, it is natural for the com-
plainant to assume that your transmitter is at 
fault. If you are certain that the trouble is not 
,•aused by harmonics or other spurious emissions 
from your transmitter, explain to the listener that 
if it is simply the presence of your strong sig-
nal on his reeeiving antenna that causes the 
difficulty, and that some modifications will have 
to be made in the receiver if he is to expect inter-
ference-free reception. 

Arrange for Tests 

Most listeners are not very competent ob-
servers of the various aspects of interference. 
If at all possible, enlist the help of another 
amateur and have him operate your transmit-
ter while you see what happens at the affected 
receiver. You can then determine for yourself 
where the trouble is most likely to be. 

Avoid Working on the Receiver 

If your tests show that the fault has to be 
remedied in the receiver itself, do not offer to 
work on the receiver. It is not your fault that 
the receiver design is defective. Recommend 
that the work be done by a reliable service-
man, and offer to advise the latter as to the 
cause and cure if necessary. 

In General 

In this " public relations" phase of the prob-
lem a great deal depends on your own attitude. 
Most people will be willing to meet you half 
way, particularly when the interference is not 
of long standing, if you as a person make a 
good impression. Your personal appearance is 
important. So is what you say about the re-
ceiver — no one takes kindly to hearing his pos-
sessions derided. If you discuss your interference 
problems on the air, do it in a constructive way — 
one calculated to increase listener cooperation, 
not ( le- troy it. 

Causes and Cure of BCI 

Interference with AM broadcasting usually 
falls into one or more rather well-defined cate-
gories. A knowledge of the general types of inter-
ference and the methods required to eliminate 
it will lead to a rapid appraisal of the situation 
and will avoid much cut-and-try in finding a cure. 

Transmitter Defects 

Out-of-band radiation is something that 
must be cured at the transmitter. Parasitic 
oscillations are a frequently 

source of such radiations, and no transmitter 
can be considered satisfactory until it has been 
thoroughly checked for both low- and high-
frequency parasitics. Very often parasitics 
show up only as transients, causing key clicks 
in c.w. transmitters and " splashes" or " burps" 
on modulation peaks in AM transmitters. 
Methods for detecting and eliminating para-
sitics are discussed in the transmitter chapter. 

In c.w. transmitters the sharp make and 
unsuspected break that occurs with unfiltered keying causes 
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transients that, in theory, contain frequency 
components through the entire radio spectrum. 
Practically, they are often strong enough in the 
immediate vicinity of the transmitter to cause 
serious interference to broadcast reception. Key 
clicks can be eliminated by the methods detailed 
in the chapter on keying. 
A distinction must be made between clicks 

generated in the transmitter itself and those 
set up by the mere opening and closing of the 
key contacts when current is flowing. The 
latter are of the seine nature as the clicks heard 
in a receiver when a wall switch is thrown to 
turn a light on or off, and may be more trouble-
some nearby than the clicks that actually go 
out on the signal. A filter for eliminating them 
usually has to be installed as close as possible 

to the key contacts. 
Overmodulation in AM 'phone transmitters 

generates transients similar to key clicks. It 
can be prevented either by using automatic 
systems for limiting the modulation to 100 
per cent, or by continuously monitoring the 
modulation. Methods for both are described 
in the chapter on amplitude modulation. In this 
connection, the term " overmodulation" means 
any type of nonlinear modulation that results 
from overloading or inadequate design. This can 
occur even though the actual modulation percent-
age is less than 100. 
BCI is frequently made worse by radiation 

from the transmitter, power wiring, or the r.f. 
transmission line. This is because the signal 
causing the interference, in such cases, is radi-
ated from wiring that is nearer the broadcast 
receiver than the antenna itself. In such cases 
much depends on the method used to couple 
the transmitter to the antenna, a subject that 
is discussed in the chapters on transmission lines 
and antennas. If it is at all possible the antenna 
itself should be placed so that it is not in close 
proximity to house wiring, telephone and power 
lines, and similar conductors. 

Image and Oscillator-Harmonic Responses 

Relatively few superhet broadcast receivers 
have any r.f. amplification preceding the mixer, 
so that the selectivity at the signal frequency 
is not especially high. The result is that strong 
signals from near-by transmitters, even though 
the transmitting frequency is far removed from 
the broadcast band, can force themselves te the 
mixer grid. They will normally be eliminated by 
the i.f, selectivity, except in cases where the trans-
mitter frequency is the image of the broadcast 
signal to which the receiver is tuned, or when 
the transmitter frequency is so related to a 
harmonic of the broadcast receiver's local oscil-
lator as to produce a beat at the intermediate 
frequency. 

These image and oscillator-harmonic re-
sponses tune in and out on the broadcast re-
ceiver dial just like a broadcast signal, except 
that in the case of harmonic response the 
tuning rate is more rapid. Since most receivers 
use an intermediate frequency in the neighbor-
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hood of 450 ke., the interference is a true image 
only when the amateur transmitting frequency 
is in the 1750-kc. band. Oscillator-harmonic 
responses occur from 3.5- and 7- Mr, transmis-
sions, and sometimes even from higher fre-
quencies. 
The problem is to reduce the amplitude of the 

amateur signal in the front end of the b.c. re-
ceiver. If the receiver uses an external antenna a 
wavetrap at the receiver antenna terminals may 
help. It may also be helpful to reduce the length 
of the receiving antenna — and particularly to 
avoid a length that might be near resonance at 
the transmitter frequency — or to change its 
direction with respect to the transmitting an-
tenna. If the signal is being picked up by the 
antenna it will disappear when the antenna is 
disconnected. If it is still present under these 
circumstances the pick-up is in the set wiring or 
the power circuits. A line filter may be tried for 
the latter. Pick-up on the set wiring can only be 
cured by installing some shielding around the r.f. 
circuits. Copper window screening cut and fitted 
to size will usually do the trick. 

Since images and harmonic responses occur 
at definite frequencies on the receiver dial, it is 
always possible to choose an operating fre-
quency that will not give such a response on 
top of the broadcast stations that are favored 
in the vicinity. While your signal may still be 
heard when the receiver is tuned off the local 
stations, it will at least not interfere with pro-
gram reception. 

Cross-Modulation 

With 'phone transmitters, there are occasion-
ally cases where the voice is heard whenever the 
broadcast receiver is tuned to a b.c. station, but 
there is no interference when tuning between 
stations. This is cross-modulation, a result of 
rectification in one of the early stages of the re-
ceiver. Receivers that are susceptible to this 
trouble usually also get a similar type of interfer-
ence from regular broadcasting if there is a 
strong local b.c. station and the receiver is tuned 
to some other station. 
The remedy for cross-modulation in the re-

ceiver is the same as for images and oscillator-
harmonic responses — reduce the strength of the 
amateur signal at the receiver by means of a 
wave-trap, line filter, or shielding, as required. 
The trouble is not always in the receiver, however, 
since cross modulation can occur in any rectifying 
circuit — such as a poor contact in water or 
steam piping, gutter pipes, and other conductors 
in the strong field of the transmitting antenna. 

Audio-Circuit Rectification 

The most frequent cause of interference from 
operation at the higher frequencies is from 
rectification of a signal that by one means or 
another gets into the audio system of the re-
ceiver. In the milder cases an amplitude-
modulated signal will be heard with reasonably 
good quality, but is not tunable — that is, it 
is present no matter what the frequency to 
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which the receiver dial is set. An unmodulated 
carrier may have no observable effect in such 
cases beyond causing a little hum. However, if 
the signal is very strong there will be a reduc-
tion of the audio output level of the receiver 
whenever the carrier is thrown on. This causes 
an annoying " jumping" of the program when 
the interfering signal is keyed. With 'phone 
transmission the change in audio level is not 
so objectionable because it occurs at less fre-
quent intervals. Also, ordinary rectification 
gives no audio output from a frequency-modu-
lated signal, so the interference can be made 
almost completely unnoticeable if FM or PM 
is used instead of AM. 

Interference of this type is most prevalent 
in a.c.-d.c. receivers. The pick-up may occur 
in the audio-circuit wiring or the interfering 
signal may get into the audio circuits by way 
of the line cord. Power-line pick-up can be 
treated by means of line filters, but pick-up in 
the receiver wiring requires individual atten-
tion. Remedies that have been found successful 
are described in the sections following. 

• CHECKING AND CURING BCI 
When a case of broadcast interference comes 

to your attention, set a definite time to con-
duct tests and then prepare to do the job as 
expeditiously as possible. As suggested before, get 
another amateur to operate your transmitter 
while you do the actual observing and testing at 
the listener's receiver. If you have a small broad-
cast receiver of your own that does not show 
interference, take it with you to demonstrate to 
the listener that the trouble is not in your trans-
mitter but in his receiver. The procedure outlined 
below will save time in getting at the source of 
the trouble and eliminating it. 

1) Determine whether the interference is 
tunable or not. This will usually indicate the 
methods required for elimination of the trou-
ble, as it will show which of the general types 
of interference discussed above is present. 

2) If the set has an external antenna, dis-
connect it and turn the volume control up full. 
If the interference is no longer present, it is 
merely necessary to prevent the r.f. appearing 
on the antenna from entering the set. If wave-
traps reduce the amplitude of the interfering 
signal but do not eliminate it entirely, try a 
short piece of wire as a receiving antenna. 
Alternatively, the antenna may be relocated. 
It should be placed as far as possible from the 
transmitting antenna, and should run at right 
angles to it to minimize coupling. 

3) If the interference persists after the antenna 
is disconnected, check for r.f. on the power line by 
using a sensitive wavemeter such as that de-
scribed in the chapter on measurements to 
probe along the a. c. cord that connects the 
set to the power source. (This test also should be 
made with receivers using built-in loops.) Checks 
should be made at the transmitter frequency, and 
also at harmonic frequencies. If r.f. is detected in 

the line, by-pass both sides of the a.c. line to 
ground with 0.005-dd. ceramic condensers at the 
point where the line cord enters the set. (A 
simple plug-and-socket adapter can be made 
up for this purpose.) If this does not completely 
eliminate the interference, try a line filter de-
signed for the operating frequency. 

4) If it is evident that the interference is 
being picked up on the receiver wiring, explain 
the situation to the owner and tell him that 
the exact cause cannot be determined without 
removing the chassis from the cabinet, and 
that, in any event, the receiver will have to 
be modified if the interference is to be eliminated. 
Recommend that the actual work be done by 
a radio serviceman. Offer to check into the cause 
yourself, if he will allow you to take the set to 
your shop (with the understanding that you will 
not make any changes in the receiver without his 
express permission) so the serviceman can be told 
what needs to be done. 

Detector — 1sI. audio 
129;17 or equivalent 

To 
chassis 

(A) 

Detector — 1st avd io 
125Q7 or equivalent 

(13) 

Fig. 2.3-I — Two method.; of eliminating r.f. from the 
grid of a combined detector/first-audio stage. At A, the 
value of the grid leak is reduced to 2 or 3 megohms, and 
a mica by-pass condenser is added. At B, both grid and 
cathode are by-passed. 

5) In the event that the owner allows you to 
take the receiver, set it up near your trans-
mitter and check to see if the amplitude of the 
interfering signal is changed by various settings 
of the receiver volume control. If it is, the r.f. 
is entering the set ahead of the volume control. 
If it is unaffected by the volume control, it is 
getting into the audio stages at a point following 
the volume control. 

6) Pin the source down, if it is ahead of the 
volume control, by removing one tube at a 
time until one is found that kills the interfer-
ence when it is removed. In sets using series-
connected filaments, this will be possible only 
if a tube of equal heater rating, and with all 
but the heater pins clipped off, is substituted 
for the tube. 

7) Determine which element (or elements) 
of the tube is picking up the interference by 
touching each tube pin with a test lead about 
three feet long. The lead, acting as an antenna, 
will cause the interference to increase when it 
is placed on a tube pin that is contributing to 
the interference. Once the sensitive points 
have been determined, the trouble can be elimi-
nated by shielding the leads connected to the 
tube element that is affected, and by shielding 
the tube itself. Grid leads are the principal 
offenders, especially the long leads that run 
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from a tube cap to a tuning condenser terminal. 
8) If the pick-up is found to be in the audio 

system — as is the case in many sets, especially 
when the transmitter is operating at 28 Mc. or 
higher — it can be eliminated by one or an-
other of the met hods shown in Figs. 23-1 and 

Detector-tat audio 
12SQ7 or equivalent 

75.000.fl_ 

Insert between grid 
and all other 

grid connectwno 

Fig. 23-2 — t sing a 75,-
000-olun rt—i-tor to form 
a low-pass litter with the 
tube capacitance. The 
resistor must he mounted 
at the tube pin, between 
the grid arid all other 
grid connections. 

23-2. Fig. 23-1.1 is a method that has proved 
successful wit h many a.c.-d.c. receivers. 
The value of the grid leak in the combined 
detector/first-audio tube (usually a 12SQ7 or 
its equivalent 1 is reduced to 2 or 3 megohms. 
The grid is then by-passed for r.f. with a 250-
1.4dd. mica condenser. Fig. 23-1B is a similar 
method. A third method that bas worked in 
a.c.-d.c. receivers requires only t hat the heater 
of the detect or first-audio stage be by-passed 
to ground with a 0.001-ma condenser. The 
method shown in Fig. 23-2 uses a 75,000-ohm 

-watt resistor to form, with the tube capaci-
tance, a low-pass filter. The resistor is eon-
neeted between the grid pin of the tube ami all 
other wires ronnected to the grid. In all cases, 
both sides of the a.c. line should be bv-passed to 
chassis with 0.001- to 0.01-µfd. condeilsers. 

Wavetraps and A. C. Line Filters 

A wavetrap consists of a parallel-tuned cir-
cuit that is connected in series with the broad-

Ant 

?Qnd. 

Fig. 23-3 — A simple wavetrao circuit. I. and C must 
resonate at the frequency of the interfering signal. 
Suitable constants are tabulated below. 

Band 

3.5 

it 
21 
28 

10 pli.. 32 t tiro. 22. I" ilium.. I" long 
to 19 22. I" 1" 

3.5 I 1 Pl. I" 1" 
2.2 12 lit. I ' ' I" 
1.5 9 i18. 1" 1" 

cast antenna and t he antenna post of the re-
ceiver. It should be designed to resonate at the 
frequency- of the interfering signal. The circuit, 
of a simple trap is shown in Fig. 23-3. If inter-
ference results from operation in more than one 
amateur band several traps may be ronnected 
in series, each tuned to the center of one of the 

bands in which operation is contemplated. To 
adjust the wavetrap, have another licensed 
amateur operate the transmitter while you 
tune the trap for maximum attenuation of the 
interference. 
A common form of a.c. line filter is shown in 

Fig. 23-4. This type of filter will usually do 
some good if the signal is being picked up on 
the house wiring and transferred to the set by 
way of the line cord. The values used for the 
coils and condensers are in general not critical. 
The effectiveness of the filter will depend con-
shh•rably on the ground conneetion used, and 
it Illay be necessary to try grounding to several 
different possible ground connections to secure 

To Set 

Grid. 

Fig. 23-4 — A.c. line filter for receivers. The values of 
Cd and Ca are not generally critical; capacitances 

from 0.001 to 0.01 afil. can be used. Li and L2 can be a 
2-inch winding of No. 18 enameled wire on a half-inch 
diameter form. 

t he best results. A filter of this type will usually 
itot be very helpful if the signal is being picked 
up on the line cord itself, which may be the 
ease when the transmitter is on v.h.f. In such 
a case it should be installed inside the receiver 
chassis and grounded to the chassis at the 
point where the line cord enters. 
The tuned filter shown in Fig. 23-5 is often 

more effective than the untuned type when 
only one frequency needs to be eliminated. 
After installation, the condenser is simply ad-
justed to reduce the interference to the great-
est possible extent. It is advisable to mount 
either type of filter in a small shield box, to 
prevent pick-up in the filter and to make it less 
conspicuous. 

L, 
0--•-‘0Z9Q.D0rJ-0 

L2 

o- QQQQ9.0 

23-3 — Resonant filter for the a.c. line. A single 
condenser  .s both Li anti L2, which are unity-
coupled, one wound on top of the other. Constants for 
amateur bands are tabulated below. 

Hand C 1,1 - 1.2 

3.5 

7 
it 

21 
28 

110 }- 1.50 

110 µad. 
100 µµ61. 
50 mafil. 
25 µel. 

25 t. No. 18. I%" dia. X 21;i" long 

18 t. No.18.104" 'ilia. X 2" long 
12 t. No. 18. 1W' ilia. X long 
10 t. No. 18, 1,Ii" ilia. X 2%8" lone 
9 1. Ni,. 18, 11 2" dia. X Vs" lima 

1).c.c. wire is recommended for ail 



BCI AND TVI 495 

Interference with Television 

111tCarrgqirr \\ n il ihr ii i pilot! ci IcIc\I-I,li 

signals usually presents a more diffieult problem 
than interfewnee with AM broadcasting. In liC1 
cases the interference almost, always call be at-
tributed to deficient selectivity or spurious re-
sponses in the l(' receiver. While similar defi-
eiencies exist in many television receivers, it is 
also true that amateur transmitters generate 
harmonics that fall inside many or all tekvi,j,,i, 

TIle,v spurious radiations cause inter-
ference that ordinarily cannot be eliminated by 
anything that may be done aI t he receiver, so 
must be prevented at, the transmitt el 

The over-all situation is further complicated by 
the fact that television broadcasting is in three 
distinct bands, two in the v.h.f, region and one in 
the uhf. 

V.H.F. Television 

For the amateur who (loes most of his trans-
mitting on frequencies below 30 Mc. the TV band 
of principal interest is the low v.h.f. band between 
54 and 88 Mc. If harmonic radiation can Is' re-
duced to the point where no interference is caus(q1 
to Channels 2 to 6, inclusive, it is almost certain 
that any harmonic troubles with channels above 
174 Mc. will disappear also. 
The relationship between the v.h.f. television 

channels and harmonics of amateur bands from 
14 through 28 Mc. is shown in Fig. 23-6. Har-
monics of the 7- and 3.5-Mc. bands are not 
shown because they fall in every television chan-
nel. However, the harmonics above 54 Mc. from 
these bands are of such high order that they are 
usually rather low in amplitude, although they 
may be strong enough to interfere if the television 
receiver is quite close to the amateur transmitter. 
Low-order harmonics — up to about the sixth — 
are usually the most difficult to eliminate. 
Of the amateur v.h.f. bands, only 50 Mc. will 

have harmonics falling in a v.h.f. television chan-
nel (Channels II, 12 and 13). However, a trans-
mitter for any amateur v.h.f. 
band may cause interference if it 
has multiplier stages either tuned 
to or having harmonies in one or 
more of the v.h.f. TV channels. 
The r.f. energy on such frequen-
cies can be radiated directly from 
the transmitting circuits or cou-
pled by stray means to the trans-
mitting antenna. 

Frequency Effects 

The degree to which trans-
mitter harmonics or other un-
desired radiation actually in the 
TV channel must be suppressed 
depends prineipally on two fac-
tors, the strength of the TV sig-
nal on the channel or channels 
affected, and the relationship be-
tween the frequency of the spuri-
ous radiation and the frequencies 
of the TV picture and sound ear-
Hers within the channel. If the 
TV signal is very strong, inter-
ference can be eliminated by 

MC. 
54 

60 

66 

72 

76 

82 

60 

Fig. 23-6 — Relationship of amateur-
band harmonics to v.h.f. 'V channels. 
Harmonic interference from transmitters 
operating below 30 Mc. is most likely to 
be serious in the low-channel group (St 
to 88 Me.). 

comparatively simple methods. However, if the 
TV signal is very 11.1`ak, :Is iii "fringe" areas 
where the received pH ure is visibly degraded by 
the appearance of set luise or " snow" on the 
sereen, it may be necessary to go to extreme 
measures. 

In either case the intensity of the interference 
depends very greatly on the exact frequency of 
the interfering signal. Fig. 23-7 shows the place-
ment, of the picture and sound carriers in the 
standard TV channel. In Channel 2, for example, 
the picture carrier frequency is 54 1.25 = 
55.25 Mc. and the sound carrier frequency is 
60 — 0.25 = 59.75 Mc. The second harmonic of 
28,010 kc. (56,020 ke. or 56.02 Mc.) falls 56.02 — 
54 = 2.02 Mc. above the low edge of the channel 
and is in the region marked " Severe" in Fig. 
23-7. On the other hand, the second harmonic of 
29,500 kc. (59,000 kc. or 59 Mc.) is 59 — 54 = 5 
Mc. from the low edge of the channel and falls in 
the region marked " Mild." Interference at this 
frequency has to he about 100 times as strong as 
at 56,020 kc. to cause effects of equal intensity. 

AMATEUR HARMONICS 
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PI CTUR E 
CARRI ER 

SOUND 
CARRI ER 

025 
MC 

MEGACYCLES FROM LOW EDGE OF TV CHANNEL 
Fig. 23-7 — Location of picture and sound carriers in a monochrome television channel, and 
relative intensity of interference as the location of the interfering signal within the channel is 
varied without changing its strength. The three regions are not actually sharply defined as 
shown in this drawing, but merge into one another gradually. 

Thus an operating frequency that puts a harmonic 
near the pieture carrier requires about 40 db. 
more harmonic suppression in order to avoid 
interferenee, a.s compared with an operating 
frequency that puts the harmonic near the upper 
edge of the channel. 

For a region of 100 kc. or so either side of the 
sound carrier there is another " Severe" region 
where a spurious radiation will interfere with re-
ception of the sound program, and this region 
also should be avoided. In general, a signal of 
intensity equal to that of the picture carrier will 
not cause noticeable interference if its frequency 
is in the " Mild" region shown in Fig. 23-7. but 
the same intensity in the " Severe" region will 
utterly destroy tlw picture. 

Interference Patterns 

The visible effects of interference vary with the 
type and intensity of interference. Complete 
"blackout," where the picture and sound dis-
appear completely, leaving the screen dark, 
occurs only when the transmitter and receiver 
are quite close toget her. Strong interference or-
dinarily causes t he pict ii re to be broken up, leav-
ing a jumble uf light and dark lines, or turns the 
picture " negative - the normally white parts 
of the picture turn black and the normally black 
parts turn white. •• ' ros4tat citing " — diagonal 
bars or lines in the picture — accompanies the 

Fig. 23-8 — r. ,---liatching,- caused by the beat be-
tween the pictur.• carrier and an interfering signal inside 
the l'% channel. 

latter, usually, and also represents the most com-
mon type of less-severe interference. The bars 
are the result of the beat between the harmonic 
frequency and the picture carrier frequency. 
They are broad and relatively few in number if 
the beat frequency is comparatively low — near 
the picture carrier — and are numerous and very 

fine if the heat frequency is very high — toward 
the upper end of the channel. Typical cross-
hatching is shown in Fig. 23-8. If the frequency 
falls in the " Mild" region in Fig. 23-7 the (-rosi-
hatching may be so fine as to be visible only on 
close inspection of the picture, in which case it 
may simply cause the apparent brightness of the 
screen to change when the transmitter carrier is 
thrown on and off. 
Whether or not cross-hatching is visible, an 

amplitude-modulated transmitter may cause 

Fig. 23-9 — "Sound bars- or "'modulation bars" accom-
panying amplitude modulation of an interfering signal. 
In this ease the interfering carrier is strong enough to 
destroy the picture, but in mild cases the picture is 
visible« through the horizontal bars. Sound bars may 
accompan modulation even though the unmodulated 
carrier gis es no visible cross-hatching. 

"sound bars" in the picture. These look about as 
shown in Fig. 23-9. They result from the varia-
tions in the intensity of the interfering signal 
when modulated. Under most circumstances 
modulation bars will not occur if the amateur 
transmitter is frequency- or phase-modulated. 
With these types of modulation the cross-hatch-
ing will " wiggle" from side to side with the 
modulation. 

Except in the more severe cases, there is seldom 
any effect on the sound reception when inter-
ference shows in the picture, unless the frequency 
is quite close to the sound carrier. In the latter 
event the sound may be interfered with even 
though the picture is clean. 

Reference to Fig. 23-6 will show whether or not 
harmonics of the frequency in use will fall in any 
television channels that can be received in the 
locality. It should be kept in mind that not only 
harmonics of the final frequency may interfere, 
but also harmonies of any frequencies that may 
be present in buffer or frequency-multiplier 
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stages. In the ease of 144-Me. transmitters, fre-
quency-multiplying combinations that require a 
doubler or tripler stage to operate on a frequency 
actually in a low-band v.h.f. channel in use in the 
locality should be avoided. 

Harmonic Suppression 

Effective harmonic suppression has three sepa-
rate phases: 

1) Reducing the amplitude of harmonics 
generated in the transmitter. This is a matter 
of circuit design and operating condit ions. 

2) Preventing stray radiation from the 
transmitter and from associated wiring. This 
requires adequate shielding and filtering of all 
circuits and leads from which radiation can 
take place. 

3) Preventing harmonics from being fed 
into the antenna. 

It is impossible to build a transmitter that will 
not generate some harmonics, but it is obviously 
advantageous to reduce their strength, by cir-
cuit design and choice of operating conditions, 
by as large a factor as possible before attempt-
ing to prevent them from being radiated. 
Harmonic radiation from the transmitter itself or 
from its associated wiring obviously will cause 
interference just as readily as radiation from the 
antenna, so measures taken to prevent harmon-
ics from reaching the antenna will not reduce 
TVI if the transmitter itself is radiating harmon-
ies. But once it has been found that the trans-
mitter itself is free from harmonic radiation, 
devices for preventing harmonics from reaching 
the antenna can be expected to produce results. 

e REDUCING HARMONIC 
GENERATION 

Since reasonably-efficient operation of r.f. 
power amplifiers always is accompanied by har-
monic generation, good judgment calls for oper-
ating all frequency-multiplier stages at a very low 
power level — plate voltages not exceeding 250 
or 300. When the final output frequency is 
reached, it is desirable to use as few stages as 
possible in reaching the output power level, and 
to use tubes that require a minimum of driving 
power. 

Circuit Design and Layout 

Harmonic currents of considerable amplitude 
flow in both the grid and plate circuits of r.f. 
power amplifiers, but they will do relatively little 
harm if they can be effectively by-passed to the 
cathode of the tube. Fig. 23-10A shows the paths 
followed by harmonic currents in an amplifier 
circuit; because of the high reactance of the tank 
coil there is little harmonic current in it, so the 
harmonic currents simply flow through the tank 
condenser, the plate (or grid) blocking condenser, 
and the tube capacitances. The lengths of the 
leads forming these paths is of great importance, 
since the inductance in this circuit will resonate 
with the tube capacitance at some frequency in 
the v.h.f. range (the tank and blocking capaci-

tances usually are so large compared with the 
tube capacitance that they have little effect on 
the resonant frequency). If such a resonance 
happens to occur at or near the same frequency as 
one of the transmitter harmonics, the effect is 
just the same as though a harmonic tank circuit 

(A) 

(B) 

Fig. 23-10 — (A) A v.h.f. resonant circuit is formed by 
the tube capacitance and the leads through the tank 
and blocking condensers. Regular tank coils are not 
shown, since they have little effect on such resonances. 
(B) Using low-inductance condensers shunting the tube 
elements to lower the resonance point below the «l'11 
channels. Cs and Co usually are 15 to 50 umfd. and either 
of vacuum or tubular construction. 

had been deliberately introduced; the harmonic at 
that frequency will be tremendously increased in 
amplitude. 

Such resonances are unavoidable, but by keep-
ing the path from plate to cathode and from grid 
to cathode as short as is physically possible, the 
resonant frequency usually can be raised above 
100 Mc. in amplifiers of medium power. This puts 
it between the two groups of television channels. 

In low-frequency transmitters where physi-
cally-short return paths from plate or grid to 
cathode are difficult because of the shape and 
size of tubes and tank condensers, the arrange-
ment shown in Fig. 23-10B is frequently helpful. 
Condensers C5 and C6 should be of the vacuum or 
tubular type and should be mounted as close as 
possible to the tube connections. They form 
resonant circuits in themselves with the tube 
capacitance, but generally at a sufficiently high 
frequency so that no harm is done. At lower 
frequencies than this self-resonance, they effec-
tively add to the tube capacitance and thus tune 
t he inductance of the leads through the regular 
tank and blocking condensers to a considerably 
lower frequency than the tube alone. The reso-
nance therefore can be shifted to a frequency 
below 54 Mc. and again is outside the TV range. 
This method is most useful at 3.5 and 7 Mc. be-
cause it increases the tank capacitance to the point 
where there may be very little tank coil left, at 
the higher frequencies. 

It is easier to place grid-circuit v.h.f. resonances 
where they will do no harm when the amplifier is 
link-coupled to the driver stage, since this gen-
erally permits shorter leads and more favorable 
conditions for by-passing the harmonics than is 
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the case with capacitive coupling. Link coupling 
also reduces the coupling bet w' I te driver and 
amplifier at harmonic frequein•ii,,:, I hus prevent-
ing driver harmonics from being amplifie( I. 

T11( inductance of leads from the tube to the 
tank condenser can be reduced not only by short-
ening but by using flat strip instead of wire con-
ductors. It is also better to use the chassis as the 
return from the blocking condenser to cathode, 
since a chassis path will have I:•ss la Itietailee than 
almost any other form of (•,: nin.:1 ion. 
The v.h.f. resonance points in amplifier tank 

circuits can lw found by coupling a grid-dip nirt(•r 
covering the 50-250 Mc. range to the grid and 
plate leads. If a resonance is found in or !war it 
TV channel, methods such as those deseribed 
above should be used to move it w:•Il out of the 
TV range. The grid-dip meter also slinuld Is' used 
to check for v.h.f. resonances in the tank (•, iils, 
because (-Oils made for 14 Me. and I whiw usually 
will show such resonances. In making the elleck, 
disconnect the coil entirely from the transmitter 
and move the grid-dip meter coil along it while 
exploring for a ( lip in the 54-88 Me. band. If a 
resonance falls in a TV channel that is in use ill 
the locality, changing the number of turns will 
move it to a frequency where it will not be 
troublesome. 

In many r.f. amplifiers the cathode connection 
of the tue is below chassis while the plate (and 
sometimes the gril  connection frequently is 
above. In such a case the blocking condenser 
should be mounted below chassis. If the ground 
return is made to the top, the r.f. current has to 
flow over the top and either through the hole for 
the tube socket or else entirely over tile 
surface before it reaches the cathode. 
tion is highly undesirable not only because of 
v.h.f. resonances but because such chassis cur-
rents frequently cause instability in the amplifier. 

Operating Conditions 

Grid bias and grid current have an important 
effect on the harmonic content of the r.f. currents 
in both the grid and plate circuits. In general, 
harmonic output increases as the grid bias and 
grid current are increased, but this is not neces-
sarily true of a particular harmonic. The third 
and higher harmonics, especially, will go through 
fluctuations in amplitude as the grid current is 
increased, and sometimes a rather high value of 
grid current will minimize one harmonic as com-
pared with a low value of grid current. This 
characteristic can be used to advantage where a 
particular harmonic is causing interference, keep-
ing in mind that the operating conditions that 
minimize one harmonic may greatly increase 
another. 

For equal operating conditions, there is little 
or no difference between single-ended and push-
pull amplifiers in respect to harmonic generation. 
Push-pull amplifiers are frequently trouble-mak-
ers on even harmonics because with such ampli-
fiers the even-harmonic voltages are in phase at 
the ends of the tank circuit and hence appear 
with equal amplitude across the whole tank coil, 

SINGLE- ENDED 

if the center of the coil is not grounded. Under 
such circumstances the even harmonies can 
coupled to the out put eireitit through st ray capae-
itance between t he tank and coupling coils. This 
does not occur in a single-ended amplifier if the 
coupling coil is placed at the cold end of the tank. 

Harmonic Traps 

If a harmonic in only one TV channel is par-
ticularly bothersome — frequently the case when 
the transmitter operates on 28 Mc, a trap 
tuned to the harmonic frequency may be in-
stalled in the plate lead as shown in Fig. 23-11. 
At the harmonic frequency the trap represents 
a very high impedance and hence reduces the 
amtditude of the harmonic current flowing 
t the tank circuit. In the push-pull circuit 
Ino I, traps have the saine constants. The L .(7 
ratiot ot pritical but a high-(' circuit usually 
%yin have least effect 011 the performance of tln, 
plate ti cuit at the normal operating frequency. 

Sinee t here is a vonsiderable harmonic voltage 
ziernss trap, it may radiate unless the trans-
mit t:q I- well shielded. Traps should be placed so 
that I here is no coupling between them and the 
amplifier tank circuit. 
A trap is a highly-selective device and so is 

useful only over a small range of frequencies. A 

Tank 
Circuit 

Tank 
Circuit 

PUSH - PULL 

Pig. 234 1 — Itarnionie traps in an amplifier plate circuit. 
L and C should resonate at the frequency of the har-
monic to be suppressed. C may be a 25- to 50-55 1d. 
midget, and L usually consists of 3 to 6 turns about 

inch in diameter for Channels 2 through 6. The in-
ductance si lel be adjusted so that the trap resonates 
at about half capacity of C before being installed in the 
transmitter. It may he checked with a grid-dip meter. 
When in place, it is adjusted f',.r minimum interference 
to the TV picture. 

second- or third-harmonic trap on a 28-Mc, tank 
circuit usually will not be effective over more 
than 50 kc. or so at the fundamental frequency, 
depending on how serious the interference is with-
out the trap. Because they are critical of adjust-
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ment, it is better to prevent TVI by other means, 
if possible, and use traps only as a last resort. 

• PREVENTING RADIATION FROM 
THE TRANSMITTER 

The extent to which interference will be caused 
by direct radiation of spurious signals depends on 
the operating frequency, the transmitter power 
level, the strength of the television signal, and the 
distance between the transmitter and TV re-
ceiver. Transmitter radiation can be a very seri-
ous problem if the TV signal is weak, if the TV 
receiver and amateur transmitter are close to-
gether, and if the transmitter is operated with 
high power. 

Shielding 

Direct radiation from the transmitter circuits 
and components can be prevented by proper 
shielding. To be effective, a shield must com-
pletely enclose the circuits and parts and must 
have no openings that will permit r.f. energy to 
escape. Unfortunately, ordinary metal boxes and 
cabinets do not provide good shielding, since such 
openings as louvers, lids, holes for running in 
connections, and so on, allow far too much leak-
age. 
A primary requisite for good shielding is that 

all joints must make a good electrical connection 
along their entire length. A small slit or crack 
w ill let out a surprising amount of r.f. energy: so 
will ventilating louvers and large holes such as 
those used for mounting meters. On the other 
hand, small holes do not impair the shielding 
very greatly, and a limited number of ventilating 
holes may be used if they are small — not over 
1:¡ inch in diameter. Also, wire screen makes quite 
effective shielding if the wires make good electrical 
connection where they cross over, so the leakage 
through large openings can be very much re-
duced by covering such openings with screening. 
well bonded to all edges of the opening. 

Fig. 23-12 — Proper -pa»Ing Ow end a 
shielded lead using disk cera • condenser. The 0.1101 
ufol. size should be used for 1600 ‘ Irlts or le--: 100 peat!. at 
higher voltages. The leads are u rapped around the inner 
atol outer conductors and soldered, so that the lead 
length i- negligible. This photograph is about four tirries 
actual - ize. 

The intensity of r.f. fields about coils, condens-
ers, tubes and wiring decreases very rapidly with 
distance, so shielding is more effective, from a 
practical standpoint, if the components and wir-
ing are not too close to it. It is advisable to have a 
separation of several inches, if possible, between 
" hot " points in the circuit and the nearest shield-
ing. 

For a given thickness of metal, the greater the 
i•onductivity the better the shielding. Copper is 
I i'st, with aluminum, brass and steel following in 
that order. However, if the thickness is adequate 
for structural purposes (over 0.02 inch) and the 
shield and a " hot" point in the circuit are not in 
close proximity, any of these metals will be satis-
factory. Greater separation should be used with 
steel shielding than with the other materials not 
only because it is considerably poorer as a shield 
but also because it will cause greater losses in 
near-by circuits than would copper or aluminum 
at the same distance. Wire screen used as a shield 
should also be kept at some distance from high-
voltage or high-current r.f. points, since there is 
considerably more leakage through the mesh 
than through solid metal. 
Where two pieces of metal join, as in forming a 

corner, they should overlap at least a half inch 
and be fastened together firmly with screws or 
bolts spaced at close-enough intervals to main-
tain firm contact all along the joint. The contact 
surfaces should be clean before joining, and 
should be checked occasionally — especially steel, 
which is almost certain to rust after a period of 
time. 
The leakage through a given size of aperture in 

shielding increases with frequency, so such points 
as good continuous contact, screening of holes, 
and so on, become even more important when the 
radiation to be suppressed is in the high band — 
174-216 Mc. — than in the low TV band. Hence 
50- and 144- Mc, transmitters, which in general 
will have frequency-multiplier harmonics cf rein-
t ively high intensity in this region, require special 

Fig. 23-13 — By-passing the end of a high-voltage lead. 
l'he end of the shield braid is soldered to a lug fastened 
to the chassis directly underneath. The other ter ttt i tt al 
of the condenser is similarly bolted directly to the 
chassis. When the by-pass is used at a terminal connec-
tion block the "hot" lead should be soldered directly to 
the terminal, if possible, but in any event connected to 
it by a very short lead. 
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Ree14e 
by-pass 

for &ant R FC 

Skidded Lead 

attention in this respect if the possibility of in-
terfering with a channel received locally exists. 

Lead Treatment 

Even very good shielding can be made com-
pletely useless when connections are run from 
external power supplies and other equipment to 
the circuits inside the shield. Every conductor so 
introduced into the shielding forms a path for the 
escape of r.f., which is then radiated by the con-
necting wires. hence a step that is essential in 
every case is to prevent harmonic currents from 
flowing on the leads leaving the shielded en-
closure. 
Harmonic currents always flow on the d.c. or 

a.c. leads connecting to the tube circuits. A very 
effective means of preventing such currents from 
being coupled into other wiring, and one that 
provides desirable by-passing as well, is to use 
shielded wire for all such leads, maintaining the 
shielding from the point where the lead connects 
to the tube or r.f. circuit right through to the 
point where it is about to leave the chassis. The 
shield braid should be grounded to the chassis at 
both ends and at frequent intervals along the 
path. 
Good by-passing of shielded leads also is essen-

tial. Bearing in mind that the shield braid about 
the conductor confines the harmonic currents to 
the inside of the shielded wire, the object of by-
passing is to prevent their escape. Figs. 23-12 and 
23-13 show the proper way to by-pass. The small-
type 0.001-afd. ceramic disk condenser, when 
mounted on the end of the shielded wire as shown 
in Fig. 23-12, actually forms a series-resonant 
circuit in the 54-88-Mc, range and thus repre-
sents practically a short-circuit for low-band TV 
harmonics. The exposed wire to the connection 
terminal should be kept as short as is physically 
possible, to prevent any possible harmonic pick-
up exterior to the shielded wiring. Disk condens-
ers of this capacitance are available in several 
voltage ratings up to 1600 volts. For higher 
voltages, the maximum capacitance available is 
approximately 500 Add., which is large enough 
for good by-passing of harmonics. Alternatively, 
mica condensers may be used as shown in Fig. 
23-13, mounting the condenser fiat against the 
chassis and grounding the end of the shield braid 
directly to chassis, keeping the exposed part as 
short as possible. Either 0.001-pfd. or 470-add. 
(500 i.o.‘fd.) condensers should be used. The larger 
capacitance is series-resonant in Channel 2 and 
the smaller in Channel 6. 
These by-passes are essential at the connection-

block terminals, and desirable at the tube ends 
of the leads also. Installed as shown with shielded 

Fig. 23-14 — Additional r.f. filtering of sup-
ply leads may be required in regions where 

krodnal the TV signal is very weak. The r.f. choke 
should be physically small, and may consist 
of a 1-inch winding of No. 26 enameled wire 
on a 3.-inch form, close-wound. Manufac-
tured single-layer chokes having an induct-
ance of a few microhenrys also may be used. 

wiring, they have been found to he so effective 
that there is usually no need for further harmonic 
filtering. However, if a test shows that additional 
filtering is required, the arrangement shown in 
Fig. 23-14 may be used. Such an r.f. filter should 
be installed at. the tube end of the shielded lead, 
and if more than one circuit is filtered care should 
be taken to keep the r.f. chokes separated from 
each other and so oriented as to minimize coupling 
between them. This is necessary for preventing 
harmonics present in one circuit from being 
coupled into another. 

In difficult eases involving Channels 7 to 13 — 
i.e., close proximity between the transmitter and 
receiver, and a weak TV signal — additional lead-
filtering measures may be needed to prevent 
radiation of interfering signals by 50- and 144-Mc. 
transmitters. A recommended method is shown 
in Fig. 23-15. It uses a shielded lead by-passed 

RFC C2 

Chassis 

Fig. 23-15 — Additional lead filtering for harmonics or 
other spurious frequencies in the high v.h.f. TV band 
(174-216 Mc.). 

Ci — 0.001-dd. disk ceramic. 
C2 — 0.001-pfd. feed-through by-pass (Erie Style 326). 

(For 500-2000-volt lead, substitute Plasticon 
Glass mike, LSG — 251, for C2-) 

RFC — 14 inches No. 26 enamel close-wound on Me 
inch diam. form or resistor. 

with a ceramic disk as described above, with the 
addition of a low-inductance feed-through type 
condenser and a small r.f. choke, the condenser 
being used as a terminal for the external connec-
tion. For voltages above 400, a condenser of 
compact construction (as indicated in the cap-
tion) should be used, mounted so that there is a 
very minimum of exposed lead, inside the chassis, 
from the condenser to the connection terminal. 
As an alternative to the series-resonant by-

passing described above, feed-through type con-
densers such as the Sprague " Hypass" type may 
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be used as terminals for external connections. 
The ideal method of installation is to mount them 
so they protrude through the chassis, with thor-
ough bonding to the chassis all around the hole in 
which the condenser is mounted. The principle is 
illustrated in Fig. 23-16. 

Shield or 
Chasms' wait 

INSIDE OUTSIDE 

Bond Bond all 
around 

Fig. 23-16 — The best method of using the " II ypass" 
type feed-through condenser. Capacitances of 0.01 to 
0.1 pfd. are satisfactory. Condensers of this type are 
useful for high-current circuits, such as filament and 
115-volt leads, as a substitute for the r.f. choke shown 
in Fig. 23-14, in cases where additional lead filtering is 
needed. 

Meters that are mounted in an r.f. unit should 
be enclosed in shielding covers, the connections 
being made with shielded wire with each lead 
by-passed as described above. The shield braid 
should be grounded to the panel or chassis im-
mediately outside the meter shield, as indicated 
in Fig. 23-17. A by-pass may also be connected 
across the meter terminals, principally to prevent 
any fundamental current that may be present 
from flowing through the meter itself. As an alter-
native to individual meter shielding the meters 
may be mounted entirely behind the panel, and 
the panel holes needed for observation may be 
covered with wire screen that is carefully bonded 
to the panel all around the hole. 

Care should be used in the selection of shielded 
wire for transmitter use. Not only should the in-
sulation be conservatively rated for the d.c. volt-

--Metal Pete! 

L Meld around 
meter 

o cci Disc 
ceramic 

Bond to panel or meter 
shield here 

Fig. 23-17 — Meter shielding and by-passing. It is 
essential to shield the meter mounting hole since the 
meter will carry r.f. through it to be radiated. Suitable 
shields can be made from 234- or 3-inch diameter shield 
cans of the type made for enclosing coils, 

• 
age in use, but the insulation should be of ma-
terial that will not easily deteriorate in soldering. 
The r.f. characteristics of the wire are not espe-
cially important, except that the attenuation of 
harmonics in the wire itself will be greater if the 
insulating material has high losses at radio fre-
quencies; in other words, wire intended for use at 
d.c. and low frequencies is preferable to cables 
designed expressly for carrying r.f. The attenua-
tion also will increase with the length of the wire; 
in general, it is better to make the leads as long as 
circumstances permit rather than to follow the 
more usual practice of using no more lead than is 
actually necessary. Where the wiring crosses or 
runs parallel, the shields should be spot-soldered 
together and connected to the chassis. For high 
voltages, automobile ignition cable covered with 
shielding braid is recommended. 

Proper shielding of the transmitter requires 
that the r.f. circuits be shielded entirely from the 
external connecting leads. A situation such as is 
shown in Fig. 23-18, where the leads in the r.f. 
chassis have been shielded and properly filtered 

Fig. 23-18 — A metal cabinet can be an adequate shield, 
but there will still be radiation if the leads inside can 
pick up r.f. from the transmitting circuits. 

but the chassis is mounted in a large shield, simply 
invites the harmonic currents to travel over the 
chassis and on out over the leads outside the 
chassis. The shielding about the r.f, circuits 
should make complete contact with the chassis 
on which the parts are mounted. 

Checking Transmitter Radiation 

A check for transmitter radiation always should 
be made before attempting to use low-pass filters 
or other devices for preventing harmonics from 
reaching the antenna system. The only really 
satisfactory indicating instrument is a television 
receiver. In regions where the TV signal is strong 
an indicating wavemeter such as one having a 
crystal or tube detector may be useful; if it. is 
possible to get any indication at all on harmonics 
either on supply leads or around the transmitter 
itself, the harmonics are probably strong enough 
to cause interference. However, the absence of 
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any such indication does not mean that harmonic 
interference will not be caused. If the techniques 
of shielding and lead filtering described in the 

Output Stage 
Antenna Tuner 

Coaxial 
Line Lamp 

Fig. 23-19 — Dummv-antenna circuit for checking har-
monic radiation from the transmitter and leads. The 
matching circuit helps prevent harmonics in the output 
of the transmitter from flowing back over the trans-
mitter itself, which may occur if the lamp load is simply 
connected to the output coil of the final amplifier. See 
transmission-line chapter for details of the matching 
circuit. Tuning must be adjusted by cut -and-try, as the 
bridge method described in the traiv:iinission-line chapter 
will not work with lamp loads because of the change in 
resistance when the lamps are hot. 

preceding section are followed, the harmonic in-
tensity on any external leads should be far below 
what any such instruments can detect. 

Radiation checks should be made with the 
transmitter delivering full power into a dununy 
antenna, such as an incandescent lamp of suitable 
power rating, preferably installed inside the 
shielded enclosure. If the dummy must be ex-
ternal, it is desirable to connect it through a coax-
matching circuit such as is shown in Fig. 23-19. 
Shielding the dummy antenna circuit is also de-
sirable, although it is not always necessary. 
Make the radiation test on all frequencies that 

are to be used in transmitting, and note whether 
or not interference patterns show in the received 
picture. (These tests must be made while a TV 
signal is being received, since the beat patterns 
will not be formed if the TV picture carrier is not 
present.) If interference exists, its source can be 
detected by grasping the various external leads 
(by the insulation, not the live wire!) or bringing 
the hand near meter faces, louvers, and other pos-
sible points where harmonic energy might escape 
from the transmitter. If any of these tests cause a 
change— not necessarily an increase — in the 
intensity of the interference, the presence of har-
monics at that point is indicated. The location 
of such " hot" spots usually will point the way 
to the remedy. If the TV receiver and the trans-
mitter can be operated side-by-side, a length of 
wire connected to one antenna terminal on the 
receiver can be used as a probe to go over the 
transmitter enclosure and external leads. This de-
vice will very quickly expose the spots from 
which serious leakage is taking place. 

As a final test, connect the transmitting an-
tenna or its transmission line terminals to the 
outside of the transmitter shielding. Interference 
created when this test is applied indicates that 
weak currents are on the outside of the shield and 
can be conducted to the antenna when the nor-
mal antenna connections are used. Currents of 
this nature represent interference that call be 
conducted over low-pass filters, etc., and which 
therefore cannot be eliminated by such filters. 

• PREVENTING HARMONICS FROM 
REACHING THE ANTENNA 

The third and last step in reducing harmonic 
TV I is to keep the spurious energy generated in 
or passed through the final stage from traveling 
over the transmission line to the antenna. It is 
seldom worthwhile even to attempt this until the 
radiation from the transmitter and its connect ing 
leads has been reduced to the point where, with 
the transmitter delivering full power int o a 
dummy antenna, it has I wen determined by ac-
tual testing with a television receiver that the 
radiation is below the level that can cause inter-
ference. If the dummy antenna test shows enough 
radiation to be seen in a TV picture, it is a practi-
cal certainty that harmonics will be coupled to 
thi• antenna system no matter what preventive 
measures are taken. 

In inductively-coupled output systems, some 
harmonic energy will be transferred from the final 
amplifier through the mutual inductance between 
the tank coil and the output coupling coil. Har-
monics of the output frequency transferred in 
this way can be greatly reduced by providing 
sufficient selectivity between the final tank and 
the transmission line. A good deal of selectiv-
ity, amounting to 20 to 30 dl). reduction of the 
second harmonic and much higher reduction of 
higher-order harmonics, is furnished by a match-
ing circuit of the type shown in Fig. 23-19 and 
described in the chapter on transmission lines. 
An " antenna muffler" is therefore a worthwhile 
addition to the t ransmitter. 

In 50- and 1- 11- Me, transmitters, particularly, 
harmonies not directly associated with the output 
frequency — such as those generated in low-fre-
quency early stages of the transmitter — may get 
coupled to the antenna by stray means. For ex-
ample, a 144-Mc. transmitter might have an 
oscillator or frequency multiplier at 48 Mc., 
followed by a tripler to 144 Me. Some of the 
48-Mc, energy will appear in the plate circuit of 
the tripler, and if passed on to t he grid of the 
final amplifier will appear as a 45- Mc, modulation 
on the 144- Mc. signal. This will cause a spurious 
signal at 192 Me., which is in the high TV band, 
and the selectivity of the tank circuits may not be 
sufficient to prevent its being coupled to the 
antenna. Spurious signals of this type can be re-
duced by using link coupling between the driver 
stage and final amplifier (and bet ween earlier 
stages as well) in addition to the suppression 
afforded by using an antenna coupler. 

Capacitive Coupling 

Harmonics and other spurious signals trans-
ferred from the tank by stray capacitance are not 
suppressed by an antenna coupler to the saine 
extent as those I ransierrud by pure inductive 
coupling. The up i ter % Ira w ing in Fig. 23-20 shows 
the link-coupled system as it might be used to 
couple into tt parallel-conductor line. Inasmuch : is 
a coil is a sizable metallic object, there is capaci-
tance between the final tank coil and its asso-
ciated link coil, and between the antenna tank 
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Fig. 23-20 — The stray va I meit i% e coupling het wren 
coils in the upper eireuit lead. to the cililil aient eirruit 
shown below, for v.h.f. harmonies. 

coil and its link. Energy couplet! through these 
capavitances t ravels over tilt' link circuit and the 
transmission line as though ( lu 'se were merely 
single condurtors. The tuned circuits simply act 
as masses of metal and offer no select iyity ;It all 
for capacity-coupled energy. Although the actual 
capacitances are small, they offer a very good 
coupling medium for frequencies in the vhf. 
range. 

Capacitive coupling can be reduced by coupling 
to a " cold" point on the tank coil — the end con-
nected to ground or cathode in a 
single-ended stage. In push-pull cir-
cuits having a split-stator condenser 
with the rotor grounded for r.f., all 
parts of the tank coil are " hot" at 
even harmonics, but the center of 
the coil is " cold" at the fundamental 
and odd harmonies. If the center of 
the tank coil, rather than the rotor 
of the tank condenser, is grounded 
through a Ity-ixi 'olidenser the 
center of the coil is " cold" at all fre-
quencies, but this arrangement is 
not very desirable because it causes 
the harmonic currents to flow 
through the coil rather than the 
tank condenser and this increases 
the harmonic transfer by pure inductive cou-
pling. 
With either single-ended or balanced tank cir-

cuits the coupling coil should be grounded to the 
chassis by a short, direct connection as shown in 
Fig. 23-21. If the coil feeds a balanced line or link, 

Fig. 23-21 — Methods of coupling 
and grounding link circuits to reduce 
capacitive coupling het ween the tank 
and link coils. Nt here the link i-
wound over one end of the tank coil 
the side toward the hot end of the 
tank should he grounded, as shown 
at B. 

(A) 

it is preferable to ground its center, hut if it feeds 
a coax lbw or link one side may be grounded. 
Coaxial output, is much preferable to balanced 
output, because the harmonies Ici vi' to stay 

in•'ide a ProPerlY n1,4111'41 cum x sysn 'llt and lend 
to be attenuated b y t he eab le beft.wp touching the 
antenna coupler. 

At high frequencies — and possibly as low as 14 
Me. — capacitive coupling can be greatly reduced 
by using a shielded coupling coil as shown in Fig. 
23-22. The inner conductor of a length of coaxial 
cable is used to form a in te-turn coupling coil. The 
outer conductor serves ! is an open-circuited shield 
around the turn, the shield being grounded to 
the chassis. The shielding has no effect on the 
inductive coupling. Bec.inse this construction is 
suitable only for one turn, the coil is not well 
adapted for use on the lower frequencies where 
many turns are required for good coupling. 
Shielded coupling coils having a larger number 
of turns are available commercially. A shielded 
coil is particularly useful with push-pull ampli-
fiers when the suppression of even harnamies is 
important. 
A shielded coupling coil or coaxial output will 

not prevent stray capacitive coupling to the an-
tenna if harmonic currents can flow over the 
outside of the coax line. In Fig. 23-23, the arrange-
ment at either A or C will allow r.f. to flow over 
the outside of the cable to the antenna system. 
The proper way to use coaxial cable is to shield 
the transmitter completely, as shown at B, and 
make sure that the outer conductor of the cable is 
a continuation of the transmitter shielding. This 

No connection 
here 

Inner conductor 
soldered to cable shield 

Fig. 23-22 — Shielded coupling roil constructed from coaxial cable. 
The smaller sizes of cable such a.; RG-59/U are most convenient when 
the coil diameter is 3 inches or less, because of greater flexibility. For 
larger coils RG-8/U or RG-11/U can be used. 

Co-ax 

ro second 
Link 

prevents r.f, inside the transmitter from getting 
out by any path except the inside of the cable. 
Harmonics flowing through a coax line can be 
stopped from reaching the antenna system by an 
antenna coupler or by a low-pass filter installed 
in the line. 
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(A) 

(B) 

(c) 

Fig. 23-23 — Right (B) and wrong (A and C) ways to 
connect a coaxial line to the transmitter. In either A or 
C, harmonic energy coupled by stray capacitance to the 
outside of the cable will flow without hindrance to the 
antenna system. In B the energy cannot leave the shield 
and hence can flow out only through, not over, the cable. 

Low-Pass Filters 

A low-pass filter properly installed in a coaxial 
line, feeding either a matching circuit (antenna 
coupler) or feeding the antenna directly, will pro-
vide very great attenuation of harmonics. When 
the main transmission line is of the parallel-con-
ductor type, the coax-coupled matching-circuit 
arrangement is highly recommended as a means 
for using a coax low-pass filter. 

Fig. 23-24 — An inexpensive low-pass filter using silver. 
mica postage-stamp condensers.'I'he box is a 2 by 4 by 6 
aluminum chassis. Aluminum shields, bent and folded 
at the sides and bottom for fastening to the chassis, 
form shields between the filter sections. The diagonal 
arrangement of the shields provides extra room for the 
coils and makes it easier to fit the shields in the box, 
since bending to exact dimensions is not essential. The 
bottom plate, made from sheet aluminum, extends a 
half inch beyond the ends of the chassis and is provided 
with mounting holes in the extensions. It is held on the 
chassis with sheet-metal screws. 

A properly-designed low-pass filter will not 
introduce appreciable power loss at the funda-
mental frequency if the coaxial line in which it is 
inserted is terminated so that the s.w.r. is low. 
(The s.w.r. can easily be measured by means of a 
simple bridge as described in the chapters on 
measurements and transmission lines.) Such a 
filter has the property of passing without loss all 
frequencies below its " eut-off" frequency, but 
simultaneously has large attenuation for all fre-
quencies above the eut-off frequency. 

Low-pass filters of simple and inexpensive con-
struction for use with transmitters operating be-
low 30 Mc. are shown in Figs. 23-24 and 23-26. 
These are designed to use mica condensers of 
readily-available capacitance values, for com-
pactness and low cost. Both use the same cir-
cuit, Fig. 23-25, the only difference being in the 
L and C values. Technically, they are three-sec-
tion filters haying two full constant-k sections 
and two ni-derived terminating half-sections, 
and their attenuation in the 54-88-Me. range 
varies from over 50 to nearly 70 db., depending 

L1 

ic 

I' 

L2 L3 L 4 

lc2 C41 

Fig. 23-25 — Low.i ass filter circuit for attem ating 
harmonics in the TV bands. Ji and 12 are chassis-type 
coaxial connectors, n the table below the letters refer 
to the following: 
A — Constructed as in Fig. 23-24, using 100- and 70-

agfd. 500-volt silver mica condensers in parallel for 
C2 and Ca. 

B — Same as A but with 70- and 50-aafd. silver mica 
condensers in parallel for C2 and C3. 

C — Constructed as in Fig. 23-26, using 100- and 50-
add. mica condensers, 1200-volt (case-style CM. 
45) in parallel for C2 and C3. 

D and E — Constructed with variable condensers, 
500- to 1000-volt rating, adjusted to values given. 

BCDE 

Z. 52 73 52 52 75 ohms 

f, 36 35.3 11 40 40 Nlc. 

fo. 41. 4 -17 5.1 50 :50_ Nlc. 

II 25.5 25.2 29 28.3 28.3 Mc. 

12 32.5 31.8 37.5 36.1 36.1 Mc. 

C1, (:.; 50 40 50 46 32 µAl. 

C2, Ca 170 120 150 154 106 Ataftl. 

Li, 1.5 70.; 6 4 5 61 3 turns* 

L2, 1.4 8 11 7 7 9%2 turns* 

L3 9 13 8 8 /2 11% turns* 

* No. 12 or No. 14 wire, inch inside diameter, 8 
turns per inch. 

A 9-turn coil with closer turn spacing to give the 
same inductance is shown in Fig. 23-24. 
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on the frequency and the par-
ticular set of values used. 
Above 174 Mc. the theoretical 
attenuation is better than 85 
db., but will depend some-
what on internal resonant 
conditions associated princi-
pally with the lead lengths to 
the condensers. These leads 
should be kept as short as is 
physically possible. 
The power that these filters 

can handle safely is deter-
mined by the voltage and 
current limitations of the 
mica condensers. These limi-
tations are such that the power 
capacity is least at the high-
est frequency. The unit using 
postage-stamp silver mica 
condensers is capable of han-
dling approximately 50 watts 
in the 28-Me. band, when 
working into a properly-
matched line, hut is good for 
about 150 watts at 21 Mc. 
and 300 watts at 14 Mc. and 
lower frequencies. The unit 
with the larger mica con-
densers (case-type CM-45) 
will carry about 250 watts 
safely at 28 Me., this rating 
increasing to 5(10 watts at 21 Mc. and a kilowatt 
at 14 Mc. and lower. If there is an appreciable 
mismatch between either filter and the line into 
which it works, these ratings will be considerably 
decreased, so in order to avoid condenser failure 
it is highly essential that the line on the output 
side of the filter be carefully matched by its load. 
This can be done with an s.w.r. bridge, and the 
matching is easy to control if the line from the 
filter terminates in a matching circuit of the type 
described in the chapter on transmission lines. 
The power capacity of these filters can be in-

creased consilerably by substituting r. f. type 

Fig. 23-26 — Low-pass filter using case-type CM-45 
condensers. The box is a 2 by 5 by 7 aluminum chassis, 
fitted with a bottom plate of similar construction to the 
one used in Fig. 23-24. 

Figs. 23-27 — Low-pass filter for use with 50-Mc. transmitters and 52-ohm 
line. It uses variable air condensers adjusted to the proper capacitance value: 
and is suited to powers up to a kilowatt. 

fixed condensers (such as the Centralab 850 series) 
or variable air condensers, in which event the 
power capability will be such as to handle the 
maximum amateur power on any band. The con-
struction can be modified to accommodate either 
of the latter types of condenser, using a similar 
layout in a larger box. 

Using condensers of standard tolerances, there 
should be little difficulty in getting proper filter 
operation. A grid-dip meter with an accurate 
calibration should be used for adjustment of the 
coils. First, wire up the filter without L2 and L4. 
Short-circuit J1 at its inside end with a screw-
driver or similar conductor, couple the grid-dip 
meter to L1 and adjust the inductance of LI, by 
varying the turn spacing, until the circuit res-
onates at f . as given in the table. Do the same 
thing at the other end of the filter with L5. Then 
couple the meter to the circuit formed by 14, 
C2 and C3, and adjust L3 to resonate at the fre-
quency fi as given by the table. Then remove L3, 
install L2 and L4 and adjust L2 to make the cir-
cuit formed by LI, L2, CI and C2 (without the 
short across JO resonate at .f2 as given in the 
table. Do the same with L4 for the circuit formed 
by L4, L5, C3 and C4. Then replace L3 and cheek 
with the grid-dip meter at any coil in the filter; 
a distinct resonance should be found at or very 
close to the cut-off frequency, f„ The filter is then 
ready for use. 
The filter constants suggested at D and E in 

Fig. 23-25 are based on the optimum design for 
good impedance characteristics — that is, with 
in = 0.6 in the end sections — and a cut-off fro-
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quency below the RETN1A 
standard i.f. for television re-
ceivers (sound carrier at 41.25 
Mc.; picture carrier at 45.75 
Mc.). This is to avoid possible 
harmonic interference from 21 
Mc. and below to the receiv-
er's intermediate amplifier. 
The other designs similarly cut 
off at 41 Mc. or below, but in 
in these cases is necessarily 
based on the capacitances 
available in standard fixed 
condensers. 

Filters for 50- and 144-Mc. Transmitters 

Since a low-pass filter must have a eut-off fre-
quency above the frequency on which the trans-
mitter operates, a filter for a v.h.f. transmitter 
cannot be designed for attenuation in all tele-
vision channels. This is no handicap for v.h.f. 
work but means that the filter will not be effec-
tive when used with lower-frequency transmit-
ters, unless it happens that no TV channels in use 
in the locality fall inside the pass-band of the 

Fig. 23-27 shows a filter for 52-ohm coax suit-
able for a 50-Mc, transmitter of any power up to 
the authorized limit. The circuit diagram is 
given in Fig. 23-28. If the values of inductance 

Li 

L2 

0.137ph. 

28ppfd 

0.2055h. 

IC 

I _ 

0.25601. 

I 
— Partitions 

Figs. 23-28 Circuit diagram of ii e 10WPZISS filters 
for 50- and I I 1- NI e. transmitters. : 11,11-'• 1,11 the drawing 
are for the 50-M e. filter. Partitions are not used in the 
I 1 e. unit. 

• Ce 50 Me.: 50-apfd. variable, shaft-mounted, set 
to middle of tuning range (Johnson 7,01.15). 

1.11. Mc.: 11-aafd. ceramic ( 10-jodd. useable). 
C2, 50 Mr.: 100-aafd. arialde, shaft-nmunted, 

set with rotor 34 inch out of stator ( Bud \i( 
905). 

144 Me.: 38-aafd. stand-off by-pass (Erie 
Style 721A). 

50-Mc, coil data: 
LI, Li 334 turns N inch long. 'Fop leads %. inch, 

bottom leads 34 inch long. 
Ls, 1.4— 43/2 turns N inch long. Leads ,';? inch long 

each end. 
L3 — 534 turns .7'ri inch long. Leads 1 inch long each. 

All 50-Mc. coils \ II. 12 tinned, %ditch diam., coil 
length measured between right-angle bends 
where leads begin. 

144- Me, coil data: 
• 1.5— 3 turns 34 inch long. Leads Vs inch long each 

end. 
1.2, 1.4-2 turns ,!,¡ inch long. leads 1 Omit long each 

end. 
• 5 turns 34 ineh long. !la long each end. 

All 111-Me. coils No. 18 
lengths measured as for 50-m,•. 

J1, Coaxial fitting. 

020501 

L.{ 

28ppfd. 
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Fig. 23-29 — A 52-ohm low-pass filter for ill-Me. tran,init tees. 

and capacitance can be me:ism-v(1 (SP(' chapter on 
measurements) the components van be preset and 
assembled without further adjust ment. Alterna-
tively, the grid-dip meter method descrilied 
earlier may be used. The resonant frequencies are: 

Lei (J1 shorted)) 
81.5 N1c. 

Leg (J2 shorted) , 
L3C2C3 (L2 and L4 disconnected) 46 Mc. 
L1L2C1C2 (L3 disconnected) 1 
L4L5C3(74 (L3 disconnected) 58.5 NIc. 

The cut-off frequency is approximately 65 Mc. 
The case for the 50- Mc, filter is a standard box 

(ICA Slip-cover, No. 29100) measuring 3% by 
13 by 2% inches. The two end condensers, eland 
C4, are mounted with their two stator posts to-
ward the ends of the filter. The t wo larger units are 
mounted in the renter compartment with their 
rotor shafts toward the middle. The top leads 
from coils L1 and L5 are wrapped around the 
stator terminals of C1 and C4, and the bottom 
leads fit direct ly into the coaxial input and output 
fittings. The outer ends of coils L2 and L4 are 
soldered to the coaxial fitting terminals, and their 
inner ends are soldered to lugs supported on one-
inch ceramic stand-off insulators. Leads from the 
stand-offs go t brough holes in the partitions to 
the bottom st:utur lugs on r2 :Ind C3. 1,3 iS soldu re 1 
to the two upper lugs on these two capacitors, 
thus rompleting the filter circuit. Lead lengths 
for the coils given in the parts list are the total 
lengths to be left when the winding is rompleted, 
including the portions that will be used in solder-
ing operations. 

This filter will give high at tenuation in Chan-
nels 4-6 and all the high-liand ehannels, and thus 
will take care of most of the spurious signals gen-
erated in a 50-Mc. transmitter. 
A filter for low-power 144-Mc. transmitters is 

shown in Fig. 23-29. It is designed for maximum 
attenuation in the 190-215 Mc, region to suppress 
the spurious radiations in that range that fre-
quently occur with 144-Mc. transmitters, but 
also has goo(' at tenuat ion for all frequent•i(.s above 
170 Me. Optimum eapacitance values are given 
in Fig. 23-28. If possible, several units of t.lie 
nearest standard values avail:Ible should be 
measured and those having values closest to the 
optimum used. The inductance values are too 
small to be measured with sullivient aveurary, so 
the filter site add he adjusted by the following 
met I : 
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First, mount Li and C1, short Ji I ploporarily at 

its inner terminals, and adjust L, uni il lie com-
bination resonates at. 200 Mr. as shown by grid-
dip meter. Next, remove t he short from ;11 and 
connect /..2 and r2, adjust lug L2 tint il the circuit. 
formed by L1L2rjr2 resonates at I II Mc. Then 
diseonnect L2 and mount L3 bet Wf .en C2 and Cis. 
Adjust L3 Until I he circuit L2r2r 2 resonates at 
112 Mc. Next, disvonnect L2 and follow a similar 
procedure start ills; from the other end with L5 and 
C4. Finally, reconnect all coils and a check at any 
point in the filter should show resonance at 160 
Mc., the approximate cut-off frequency. 
The case for the 1-11-Mc, filter is made from 

flashing copper and is 1U inches square by 7% 
inches long. The main portion of the case is cut 
from a single piece with the end tabs folded 
down and soldered to the sides. Flanges are 
folded over at the bottom, and a cover is made to 
slip over these. 

Filter Installation 

In order to give the harmonic attenuation of 
which it is capable, a low-pass filter must be in-
stalled in such a way that all the output of the 
transmitter flows through it. If harmonic currents 
ant permitted to flow on the outside of the con-
necting coaxial cables, they will simply flow over 
the filter and on up to the antenna, and the filter 
does not have ass opportunity to stop them. That 
is why it is so important to reduce the radiation 
from the transmitter and its leads to negligible 
proportions. 

Fig. 23-30 shows tlse proper way to install a 
filter between a shielded transmitter and a match-
ing circuit. Note that the coax, together with the 
shields about the transmitter and filter, forms a 
continuous shield to keep all the r.f. inside. It is 
thus forced to flow through the filter and the 
harmonics are attenuated. If there is no harmonic 
energy left after passing through the filter, shield-
ing from that point on is not necessary; conse-
quently, the matching circuit or antenna coupler 
does not need to be shielded. however, the 
antenna-coupler chassis arrangement shown in 
Fig. 23-30 is desirable because it will tend to 
prevent fundamental-f requei icy energy from flow-
ing from the matching circuit back over the 
transmitter; this helps eliminate feed-back trou-
bles in audio systems. 

If the antenna is drivels through coaxial line 
the mauling circuit shown its Fig. 23-30 may 
be omitted. In that case the line goes directly 
from the filter to the antenna. 

%Vilest a filter does not, seem to give the har-
monic attenuation of which it should 
be capable, the probable reason is 
that harmonics are by-passing it be-
cause of improper installation and 
inadequate transmitter shielding, 
including lead filtering. However, 
occasionally there are cases where 
the circuits formed by the cables and 
the apparatus to which they con-
nect become resonant at a harmonic 
frequency. This greatly increases 

the harmonic output at that frequency. Such 
troubles can be completely overcome by sub-
slit tiling a slightly different cable length. The 
most critical length is that connecting the trans-
mitter to the filter. Checking with a grid-dip 
meter at the final amplifier output coil usually 
will show whether an unfavorable resonance of 
this type exists. 

• SUMMARY 
The iii: sis of harmonic elimination outlined 

in this chapter have been proved beyond doubt 
to be effective even under highly unfavorable 
('onditions. It must be emphasized once more, 
however, that the problem must be solved one 
step at a time, and the procedure must be in 
logical order. It cannot be done properly without 
two items of simple equipment: a grid-dip meter 
and wavemeter covering the TV bands, and a 
dummy antenna. 
The proper procedure may be summarized as 

follows: 
1) Take a critical look at the transmitter on 

the basis of the design considerations outlined 
under " Reducing Harmonic Generation ". 

2) Check all circuits, particularly those con-
nected with the final amplifier, with the grid-dip 
meter to determine whether there are any reso-
nances in the TV bands. If so, rearrange the cir-
cuits so the resonances are moved out of the 
critical frequency region. 

3) Connect the transmitter to the dummy an-
tenna and check with the wavemeter for the 
presence of harmonics on leads and around the 
transmitter enclosure. Seal off the weak spots in 
the shielding and filter the leads until the wave-
meter shows no indication at any harmonic 
frequency. 

4) At this stage, check for interference with a 
TV receiver. If there is interference, determine 
the cause by the methods described previously 
and apply the recommended remedies until the 
interference disappears. 

5) When the transmitter is completely clean 
on the dummy antenna, connect it to the regular 
antenna and check for interference on the TV 
receiver. If the interference is not bail. : 111 antenna 
coupler or matching circuit installed as previously 
described should clear it up. Alternatively, a low-
pass filter may be used. If neither the antenna 
coupler nor filter makes any difference in the inter-
ference, the evidence is strong that the inter-
ference, at least in part, is being caused by 
receiver overloading because of the strong funda-

Coax 
FILTER 

Line 

Antenna.' 
Coupler 

Fig. 73-30 — The i roper method of installing a low-pass filter between 
tu, tran-guitter III mtenna coupler or matching circuit. If the antenna 
is fed through ecoa5 the matching circuit may he omitted but the same 
construetion si I I be used between the transmitter and filter. The 
filter si Id be thoroughly shielded. 
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mental-frequency field about the TV antenna 
and receiver. (See later section for identification 
of fundamental-frequency interference.) A cou-
pler and, or filter, installed as described above, 
will invariably make a difference in the intensity 
of the interference if the interference is caused by 
transmitter harmonics alone. 

6) If there is still interference after installing 
the coupler and/or filter, and the evidence shows 
that it is probably caused by a harmonic, more 
attenuation is needed. A more elaborate filter 
may lw necessary. however, it is well at this stage 
to assume that part of the interference may be 
caused by revolver overloading, and take steps to 
alleviate such a condition before trying highly-
elaborate filters, traps, etc., on the transmitter. 

• HARMONICS BY RECTIFICATION 
Even though the transmitter is completely 

free from harmonic output it is still possible for 
interference to occur because of harmonics gen-
erated outside the transmitter. These result from 
rectification of fundamental-frequency currents 
induced in conductors in the vicinity of the 
transmitting antenna. Rectification can take 
place at any point where two conductors are in 
poor electrical contact, a condition that fre-
quently exists in plumbing, downspouting, BX 
cables crossing each other, and numerous other 
places in the ordinary residence. It also can occur 
in any exposed vacuum tubes in the station, in 
power supplies, speech equipment, etc., that may 
not be enclosed in the shielding about the r.f. 
circuits. Poor joints anywhere in the antenna 
system are especially bad, and rectification also 
may take place in the contacts of antenna change-
over relays. Another common cause is overload-
ing the front end of the communications receiver 
when it is used with a separate antenna (which 
will radiate the harmonics generated in the first 
tube) for break-in. 

Rectification of this sort will not only cause 
harmonic interference but also is frequently re-
sponsible for cross-modulation effects. It can be 
detected in greater or less degree in most loca-
tions, but fortunately the harmonics thus gen-
erated are not usually of high amplitude. How-
ever, they can cause considerable interference in 
the immediate vicinity in fringe areas, especially 
when operation is in the 28-Mc. band. The 
amplitude decreases rapidly with the order of the 
harmonic, the second and third being the worst. 
It is ordinarily found that even in cases where 
destructive interference results from 28-Mc. oper-
ation the interference is comparatively mild from 
14 Mc., and is negligible at still lower frequencies. 
There is nothing that can be done at either the 

transmitter or receiver when rectification occurs. 
The remedy is to find the source and eliminate 
the poor contact either by separating the conduc-
tors or bonding them together. A crystal wave-
meter (tuned to the fundamental frequency) is 
useful for hunting the source, by showing which 
conductors are carrying r.f. and, comparatively, 
how much. 

Interference of t his kiwi is frequently inier-
mittent, since the rectification efficiency \\ ill 
vary with vibration, the weather, and so on. The 
possibility of corroded contacts in the TV re-
ceiving antenna should not be overlooked, es-
pecially if it has been up a year or more. 

• TV RECEIVER DEFICIENCIES 
Front-End Overloading 

When a television receiver is quite close to the 
transmitter, the intense r.f. signal from the trans-
mitter's fundamental may overload one or more 
of the receiver circuits to produce spurious re-
sponses that cause interference. 

If the overload is moderate, the interference is 
of the same nature as harmonic interference; it is 
caused by harmonics generated in the early stages 
of the receiver and, since it occurs only on chan-
nels harmonically related to the transmitting 
frequency, is difficult to distinguish from har-
monics actually radiated by the transmitter. In 
such cases additional harmonic suppression at the 
transmitter will do no good, but any means taken 
at the receiver to reduce the amateur fundamental 
strength fed to the first tube will effect an im-
provement. With more severe overloading inter-
ference also will occur on channels not harmoni-
cally related to the transmitting frequency, so 
such cases are easily identified. 

Cross-Modulation 

Under some circumstances overloading will 
result in crass-modulation or mixing of the ama-
teur signal and that from a local FM or TV sta-
tion. For example, a 14-Mc, signal can mix with a 
92-Mc. FM st at ion to produce a heat at 78 Mc. 
and cause interference in Channel 5, or with a 
TV station on ( lannel 5 to cause interference in 
Channel 3. Neither of the channels interfered 
with is in harmonic relationship to 14 Mc. Both 
signals have to be on the air for the interference 
to occur, and eliminating either at the TV re-
ceiver will eliminate the interference. 
There are many combinations of this type, 

depending on the band in use and the local fre-
quency assignments to FM and TV stations. The 
interfering frequency is equal to the amateur 
fundamental frequency either added to or sub-
tracted from the frequency of some local station, 
and when interference occurs in a TV channel 
that is not harmonically related to the amateur 
transmitting frequency the possibilities in such 
frequency combination should be investigated. 

I. F. Interference 

Some TV receivers do not have sufficient selec-
tivity to prevent strong signals in the intermedi-
ate-frequency range from forcing their way 
through the front end and getting into the i.f. 
amplifier. The once-standard intermediate fre-
quency of, roughly, 21 to 27 Mc., is subject to 
interference from the fundamental-frequency 
output of transmitters operating in either the 21-
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and 27-Mc. bands. Transmitters on 28 Mc. some-
times will cause this type of interference as 
well. 
A form of i.f, interference peculiar to 50-Mc. 

operation near the low edge of the band oc-
curs with some receivers having the standard 
"41-Me." if., which has the sound carrier at 
41.25 Mc. and the picture carrier at 45.75 Mc. 
A 50-Me. signal that forces its way into the if. 
system of the receiver will cause a beat with the 
i.f. picture carrier that falls on or near the if. 
sound carrier, even though the interfering signal 
is not actually in the nominal pass-band of the 
i.f. amplifier. 

There is a type of i.f, interference unique to the 
144-Mc. band in localities where certain uhf. 
TV channels are in operation, affecting only 
those TV receivers in which double-conversion 
type plug-in u.h.f. tuning strips are used. The 
design of these strips involves a first intermediate 
frequency that varies with the TV dialling to be 
received and, depending on the particular strip 
design, this first if. may be in or close to the 
144-Me, amateur band. Since there is com-
paratively little selectivity in the TV signal-
frequency circuits ahead of the first i.f., a signal 
from a 144-Me, transmitter will " ride into" the 
if., even when the receiver is at a eonsiderable 
distance from the transmitter. The channels that 
can be affected by this type of if. interference are 
as follows: 

Receivers with 
21-Mr. 

second if. 
Channels 14-18, inc. 
Channels 41-48, inc. 
Channels 69-77, inc. 

Receivers with 
41-Mc. 

second 
Channels 20-25, inc. 
Channels 51-58, inc. 
Channels 82 and 83. 

lf the receiver is not close to the transmitter, a 
trap of the type shown in Fig. 23-33 will be effec-
tive. However, if the separation is small the 
144-Me, signal will be picked up directly on the 
receiver circuits and the best solution is to read-
just the strip oscillator so that the first i.f. is 
moved to a frequency not in the vicinity of the 
144-Mc. band. This has to be done by a com-
petent technician. 

I.f, interference is easily identified since it oc-
curs on all channels — although sometimes the 
intensity varies from channel to channel — and 
the cross-hatch pattern it causes will rotate when 
the receiver's fine-tuning control is varied. When 
the interference is caused by a harmonic, over-
loading, or cross modulation, the structure of the 
interference pattern does not change as the fine-
tuning control is varied, although its intensity 
may change. 

High-Pass Filters 

In all the above cases the interference can be 
eliminated if the fundamental signal strength can 
be reduced to a level that the receiver can handle. 
To accomplish this with signals on bands below 
30 Mc., the most satisfactory device is a high-
pass filter having a eut-off frequency between 30 
and 50 Mc., installed at the tuner input terminals 

10)91d 

Each coil 8 turns No 14. 

diameter • length 1". 
tapped at center. 

To water 
pipe gnd. 

15-ohm 
coax to 

ant 

10051, Id 50)àyfd 100gyfit 
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Ant terminals 
on TV rur 

(A) 

Ant. terminals E on TV rcvr. 

1 
Each cod 3 turns No 14. 
diameter f, 8 turns per inch. 

Fig. 23-31 — Iligh-pass filters for installation at the TV 
receiver antenna terminals. A — balanced filter for 300. 
ohm line, 11 — for 75-ohm coaxial line. Important: Do 
not use a direct ground on an a.c.-d.c. chassis. Ground 
through a 0.001-ad. mica condenser. 

o 
Grid. 

(13) 

of the receiver. Circuits that have proved effec-
tive are shown in Figs. 23-31 and 23-32. Fig. 
23-32 has one more section than the filters of 
Fig. 23-31 and as a consequence has somewhat 
better eut-off characteristics. All the circuits 
given are designed to have little or no effect on 
the TV signals but will attenuate all signals 
lower in frequency than about 40 Mc. These 
filters preferably should be constructed in some 
sort of shielding container, although shielding is 
not always necessary. The dashed lines in Fig. 
23-32 show how individual filter coils can be 
shielded from each other. The condensers can be 

C 

300- ohm, 
line to 
ant 

C. 

I  

Ant termouts 
on TV rcer 

C = 20 pied 

Li= 40 turns No 30 enam closewound.Çdia. 
L2=22 turns No 30 enam closerround,i? 

Fig. 23-32 — Another type of high-pass filter for 300-
ohm line. 'I'he coils may be wound on j/8-inch 
pla.tic knitting needles. Important: Do not use a direct 
ground on an a.c.-d.r. chassis. Ground through a 0.001-
ufd. mica condenser. 

tubular ceramic units centered in holes in the 
partitions that separate the coils. 

High-pass filters cannot be applied success-
fully in the case of 50-Mc, transmissions, because 
a filter having a sufficiently-sharp cut-off charac-
teristic to give both good attenuation at 50-54 
Mc. and no attenuation above 54 Mc. cannot be 
built, practically. A high-Q wavetrap, tuned to 
the transmitting frequency, is about the only 
practical solution. A successful design, using 
quarter-wave sections of Twin-Lead, is shown in 
Fig. 23-33. These " suck-out" traps absorb 
enemy at the frequency to be eliminated, when 
carefully tuned. The assembly should be slid 
along the TV antenna lead-in until the most 
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Fig. 23-33 — A bsorpt ion y pe 
wavetrap using sections of 1110-
ohm line tuned to have an electri-
cal length of 174' wavelength at the 
transmitter frequency. Approxi-
mate physical lengths (dimens 
A) are 40 inches for 50 Mc. and II 
inches for 144 Me., allowing for 
the loading effect of the capaci-
tance at the open end. Two traps 
are used in parallel, one on each 
side of the line to the receiver. In-
stall close to receiver antenna 
terminals. 

3-30ppf. 

To 
Rcvr. 

Parallel open ends 
ond connect to one 
terminal of condenser. 
Some on other side. 

effective position is found, and then fastened in 
place with Scotch Tape. An insulated tuning 
tool should be used for adjustment of the con-
denser, situe it is at a " hot " point and will show 
considerable I mily-capacit y effect. 

high-pass filters are availal de commercially at 
moderate pry' 's. In this connect ion, it should be 
understood by all parties concerned that while an 
amateur is responsiltle for harmonic radiation 
from his transmitter, it is no part of his responsi-
bility to pay for or install filters, wavetraps, etc., 
that may be required at the reeeiver to prevent 
interference caused by his .1' undo menial frequency. 
The set owner should he advised to get in touch 
with the organization from which he purchased 
the receiver or which services it, to make ar-
rangements for proper installation. Proper in-
stallation usually requires that the filter be in-
stalled right at the input terminals of the r.f. 
tuner of the TV set and not merely at the antenna 
terminals, which may be at a considerable dis-
tance from the tuner. The question of cost is one 
to be settled between the set owner and the 
organized ¡OH with which he deals. Some of the 
larger manufacturers of TV receivers have insti-
tuted arrangements for cooperating with the set 
dealer in installing high-pass filters at no cost to 
the receiver owner. FCC-sponsored TVI Com-
mittees, now operating in many cities, have all 
the information necessary for effectuating such 
arrangements. 

If the fundamental signal is getting into the 
receiver by way of the line cord a line filter such 
as that shown in Fig. 23-4 may help. To be most 
effective it should be installed inside the receiver 
chassis at the point where t lw crl enters, making 
the ground connections directly to chassis at this 

A 

Put sections flat against 
300—ohm line from ant. 
and tape in place. 

To 
Ant 

Short 
these ends 

point. It may not he so helpful if placed Itetween 
the line plug and tia• wall socket unless the r.f, is 
actually picked up On the house ‘viring rather 
than on the line eord itself 

Antenna Installation 

Many television ruceivers will respond strongly 
to parallel currents on the receiving transmission 
line. Usually, the transmission line picks up a 
great deal more energy from a near-by trans-
mitter than the television receiving antenna it-
self, causing parallel currents that should be, but 
are not, rejected by the receiver's input circuit. 
This situation can be improved by using shielded 
transmission line — coax or, in the balanced 
form, " twittax" — on the receiving installation. 
For best results the line should terminate in a 
coax fitting on the receiver chassis, but if this is 
not possible the shield should be grounded to the 
chassis right at the antentrt terminals. 
The use of shielded transmission line for the 

receiver also will be helpful in reducing response 
to harmonics actually being radiated from the 
transmitter or transmitting antenna. In most 
receiving installations the transmission line is 
very much longer than the antenna itself, and is 
consequently far more exposed to the harmonic 
fields from the transmitter. Much of the har-
monic pick-up, therefore, is on the receiving 
transmission line when the transmitter and re-
ceiver are quite close together. Shielded line, 
plus relocation of either the transmitting or 
receiving antenna to take advantage of directive 
effects, often will result in reducing overloading, 
as well as harmonic pick-up, to a level that does 
not in with reception. 

U.H.F. Television 

Although u.h.f, television is comparatively 
new, experience so far indicates that harmonic 
TVI is far less troublesome in this band than in 
the v.h.f. TV band. Harmonics from transmitters 
operating below 30 Me. are of such high order 
that they would normally he expected to be quite 
weak; in addition, the components, circuit con-
ditions and construction of low-frequency trans-
mitters are such as to tend to prevent very strong 
harmonics from being generated in this region. 
However, this is not true of v.h.f, transmitters, 
particularly those working in the 144-Mc, and 
higher bands. Here the problem is quite similar 

to the problem of the low vhf. TV band with 
respect to transmitters operating below 30 Mc. 
There is one highly favorable factor in u.h.f. 

TV that does not exist in the most of the vhf. 
TV band: If harmonics are radiated, it is possible 
to move the transmitter frequency sufficiently 
(within the amateur band being used) to avoid 
interfering with a channel that may be in use in 
the locality. By restricting operation to a portion 
of the band that will not result in harmonic 
interference, it is possible to avoid the necessity 
for taking extraordinary precautions to prevent 
harmonic radiation. 
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TABLE 23-1 

Harmonic Relationship—Amateur V.H.F. Bands and U.H.F. TV Channels 

U.H.F. TV 
Amateur Fundamental Channel 
Band Harmonic Freq. Range Affected 

144 Mc. 4th 144.0-144.5 31 
144.5-146.0 32 
146.0-147.5 33 
147.5-148.0 34 

5th 144.0-144.4 55 
144.4-145.6 56 
145.6-146.8 57 
146.8-148 58 

6th 144-144.33 79 
144.33-145.33 80 
145.33-147.33 81 
147.33-148 82 

Amateur 
Band Harmonic 

220 Mc. 3rd 

U.!!.?. TV 
Fundamental Channel 
Freq. Rang., Affected 

220-220.67 45 
220.67-222.67 46 
222.67-224.67 47 
224.67-225 48 

4th 220-221 82 
221-222.5 83 

420 Mc 2nd 420-421 75 
421-424 76 
424-427 77 
427-430 78 
430-433 79 
433-436 80 
436-439 81 
439-442 82 
442-448 83 

The frequency assignment for u.h.f. television 
consists of seventy 6-megacycle channels ( Nos. 

14 to 83, inclusive) beginning at 470 Mc. and 
ending at 890 Mc. The harmonics from amateur 
bands above 50 Mc. span the u.h.f. channels as 
shown in Table 23-I. Since the assignment plan 
calls for a minimum separation of six ehannels 
between any two stations in one locality, there is 
ample opportunity to choose a fundamental frc-

quency that will move a harmonic out of range 
of a local TV frequency. 
The basie methods of preventing harmonic 

radiation already described will apply equally 
well in the u.h.f. TV region. however, there is 
comparatively little information as yet on the 
best types of components for these frequencies. 
It is antieipated also that. modifications of the 
techniqttes will be developed to give improved 
harmonie suppression as experience is acquired. 

Color Television 

It is probable that a number of stations will 
begin transmitting television programs in color 
during 1954, but it is not expected that any very 
considerable number of receivers capable of color 
reproduction will be in use immediately. The 
color TV system now proposed uses ;I sil) >carrier 
frequency spaced 3.58 megacycles front t he regu-
lar picture carrier (or 4.83 Me. from the low edge 
of the channel) for transmitting the color infor-

mation. harmonics which fall in the color sub-
carrier region can be expected to cause break-up 
of color in the received picture. This modifies the 
chart of Fig. 23-7 to introduce another " severe" 
region centering around 4.8 Mc. measured from 
the low-frequency edge of the channel. Hence 
with color television reception there is less oppor-
tunity to avoid harmonic interference by choice 
of operating frequency. 
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Construction 

Practices 

• TOOLS AND MATERIALS 
While an easier, and perhaps a better. job 

can be done with a greater variety of tools 
available, by taking a little thought and 
care it is pos,ible to turn out a fine piece of 
equipment with only a few of the common 
hand tools. A list of tools which will be in-
dispensable in the construction of radio 
equipment will be found on this page. With 
these tools it should be possible to perform 
any of the required operations in preparing 

INDISPENSABLE TOOLS 

Long-nose pliers, 6-inch. 
Diagonal cutting pliers, 6-inch. 
Wire stripper. 
Screwdriver, 6- to 7-inch, Wt-inch blade. 
Screwdriver, 4- to :5-inch, 34-inch blade. 
Scratch awl or scriber for marking lines. 
Combination square, 12-inch, for laying out work. 
Hand drill, 34-inch chuck or larger, 2-speed type 

preferable. 
Electric soldering iron, 100 watts, 4-in. tip. 
Hack saw, 12-inch blades. 
Center punch for marking hole centers. 
Hammer, ball-peen, 1-1b. head. 
Heavy knife. 
Yardstick or other straightedge. 
Carpenter's brace with adjustable hole cutter or 

socket-hole punches (see text). 
Large, coarse, flat file. 
Large round or rat-tail file. Winch diameter. 
Three or four small and medium files—flat, round, 

half-round, triangular. 
Drills, particularly Wt-inch and Nos. 18, 28, 33, 42 
and 50. 

Combination oil stone for sharpening tools. 
Solder and soldering paste ( noncorroding). 
Medium-weight machine oil. 

ADDITIONAL TOOLS 

Bench vise, 4-inch jaws. 
'lin shears, 10-inch, for cutting thin sheet metal. 
Taper reamer, 34-inch, for enlarging small holes. 
Taper reamer, 1-inch, for enlarging holes. 
Countersink for brace. 
Carpenter's plane, 8- to 12-inch. for woodworking. 
Carpenter's saw, crosscut. 
Motor-driven emery wheel for grinding. 
Long-shank screwdriver with screw-holding clip 

for tight places. 
Set of " Spintite" socket wrenches for hex nuts. 
Set of small, flat, open-end wrenches for hex nuts. 
Wood chisel, 34-inch. 
Cold chisel, 34-inch. 
Wing dividers, 8-inch, for scribing circles. 
Set of machine-screw taps and dies. 
!lusting brush. 
Socket punches, esp. 134" and 1Wt". 

panels and metal chassis for assembly and 
wiring. It is an excellent idea for the amateur 
who does constructional work to add to his 
supply of tools from time to time as finances 
permit. 

Several of the pieces of light woodworking 
machinery, often sold in hardware stores and 
mail-order retail stores, are ideal for amateur 
radio work, especially the drill press, grinding 
head, band and circular saws, and joiner. Al-
though not essential, they are desirable should 
you be in a position to acquire them. 

Twist Drills 

Twist drills are made of either high-speed 
steel or carbon steel. The latter type is more 
common and will usually be supplied unless 
specific request is made for high-speed drills. 
The carbon drill will suffice for most ordinary 
equipment construction work and costs less 
than the high-speed type. 

While twist drills are available in a number 
of sizes those listed in bold-faced type in Table 
24-I will be most commonly used in construc-
tion of amateur equipment. It is usually de-
sirable to purchase several of each of the 
commonly-used sizes rather than a standard set, 
most of which will be used infrequently, if at all. 

Care of Tools 

The proper care of tools is not alone a mat-
ter of pride to a good workman. He also real-
izes the energy which may be saved and the 
annoyance which may be avoided by the pos-
session of a full kit of well-kept sharp-edged 
tools. 

Drills should be sharpened at frequent in-
tervals so that grinding is kept at a minimum 
each time. This makes it easier to maintain the 
rather critical surface angles required for best 
cutting with least wear. Occasional oilstoning 
of the cutting edges of a drill or reamer will ex-
tend the time between grindings. 
The soldering iron can be kept in good 

condition by keeping the tip well tinned with 
solder and not allowing it to run at full voltage 
for long periods when it is not being used. 
After each period of use, the tip should be re-
moved and cleaned of any scale which may 
have accumulated. An oxidized tip may be 
cleaned by dipping it in sal ammoniac while 

812 
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hot and then wiping it clean with a rag. 1f the 
tip becomes pitted it should be filed until 
smooth and bright, and then tinned immedi-
ately by dipping it in solder. 

Useful Materials 

Small stocks of various miscellaneous ma-
terials will be required in constructing radio 
apparatus, most of which are available from 
hardware or radio-supply stores. A representa-
tive list follows: 

Sheet aluminum, 16 or 18 gauge for brackets 
and shielding. 

M X Yrinch aluminum angle stock. 
%-inch diameter round brass or aluminum rod 

for shaft extensions. 
Machine screws: Round-head and flat-head, 
with nuts to fit. Most useful sizes: 4-36, 
6-32 and 8-32, in lengths from ei inch to 
PA inches. (Nickel-plated iron will be 
found satisfactory except in strong r.f. 
fields, where brass should be used.) 

Bakelite, lucite and polystyrene scraps. 
Soldering lugs, panel bearings, rubber 
grommets, terminal-lug wiring strips, var-
nished-cambric insulating tubing. 

Shielded and unshielded wire. 
Tinned bare wire, Nos. 22,14 and 12. 

Machine screws, nuts, washers, soldering 
lugs. etc., are most reasonably purchased in 
qul tit t ies of a gross. 

e CHASSIS WORKING 
With a few essential tools and proper pro-

cedure, it will be found that building radio 
gear on a metal chassis is no more of a chore 
than building with wood, and a more satisfac-
tory job results. Aluminum is to be preferred to 
steel, not only because it is a superior shielding 
material, but because it is much easier to work 
and to provide good chassis contacts. 
The placing of components on the chassis 

is shown quite clearly in the photographs in 
this Handbook. Aside from certain essential 
dimensions, which usually are given in the text, 
exact duplication is not necessary. 
Much trouble and energy can be saved by 

spending sufficient time in planning the job. 
When all details are worked out beforehand 

Fig. 24-1 - Method of measuring the heights of con-
denser shafts, etc. If the square is adjustable, the end 
of the scale should he set flush with the face of the head. 

.V u utter (mile) 

TABLE 24-1 

Numbered DrIll Sizes 

Drilled for 
Diameter Will Clear Tapping Iron, 

Screw Steel or Brass* 

228.0 
2 221.0 
3 213.0 
4 209.0 
5 205.0 
6 204.0 
7 201.0 
8 199.0 
9 196.0 
10 193.5 
11 191.0 
12 189.0 
13 185.0 
14 182.0 
15 180.0 
16 177.0 
17 173.0 
18 161.5 
19 166.0 
20 161.0 
21 159.0 
22 157.0 
23 154.0 
24 152.0 
25 149.5 
26 147.0 
27 144.0 
28 140.0 
20 138.0 
30 128.5 
31 120.0 
32 116.0 
33 113.0 
31 111.0 
35 110.0 
36 106.5 
37 104.0 
38 101.5 
39 099.5 
40 098.0 
41 096.0 
42 602.5 
43 089.0 
44 086.0 
45 082.0 
46 081.0 
47 078.5 
48 076.0 
49 073.0 
SO 070.0 
51 067.0 
52 063.5 
53 059.5 
54 055.0 

12-24 

12-20 

10-- 32 
10-24 

8-- $2 

6-$- 2 

4-36,- 4-40 

3-48 

2-- 56 

14-- 24 

12-2- 1 

12-20 

10-32 

10-- 24 

8-- $2 

4-- 82 

3-4- 8 

2-- 56 

*Use one size larger for tapping bakelite and hard 
rubber. 

the actual construction is greatly simplified. 
Cover the top of the chassis with à piece of 

wrapping paper or, preferably, cross-section 
paper, folding the edges down over the sides 
of the chassis and fastening with adhesive tape. 
Then assemble the parts to be mounted on top 
of the chassis and move them about until a 
satisfactory arrangement has been found, keep-
ing in mind any parts which are to be mounted 
underneath, so that interferences in mounting 
may be avoided. Place condensers and other 
parts with shafts extending through the panel 
first, and arrange them so that the controls will 
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form the desired pattern on the panel. Be sure 
to line up the shafts squarely with the chassis 
front. Locate any partition shields and panel 
brackets next, and then the tube sockets and 
any other parts, marking the mounting-hole 
centers of each accurately on the paper. Watch 
out for condensers whose shafts are off center 
and do not line up with the mounting holes. 
Do not forget to mark the centers of socket 
holes and holes for leads under i.f. transformers, 
etc., as well as holes for wiring leads. The small 
holes for socket-mounting screws are best located 
and center-punched, using the socket itself as a 
template, after the main center hole has been cut. 
By means of the square, lines indicating ac-

curately the centers of shafts should be ex-
tended to the front of the chassis and marked 
on the panel at the chassis line, the panel 
being fastened on temporarily. The hole centers 
may then be punched in the chassis with the 
center punch. After drilling, the parts which re-
quire mounting underneath may be located and 
the mounting holes drilled, making sure by trial 
that no interferences exist with parts mounted 
on top. Mounting holes along the front edge 

A 
Fig. 24-2 — To cut rectangular holes in a chassis 
corner, holes may be filed out as shown in the shaded 
portion of B. making it possible to start the hack-saw 
blade along the cutting line. A shows how a single. 
ended handle may be constructed for a hack-saw blade. 

of the chassis should be transferred to the 
panel, by once again fastening the panel to the 
chassis and marking it from the rear. 

Next, mount on the chassis the condensers 
and any other parts with shafts extending to 
the panel, and measure accurately the height 
of the center of each shaft above the chassis, 
as illustrated in Fig. 24-1. The horizontal dis-
placement of shafts having already been 
marked on the chassis line on the panel, the 
vertical displacement can be measured from 
this line. The shaft centers may now be marked 
on the back of the panel, and the holes drilled. 
Holes for any other panel equipment coming 
above the chassis line may then be marked and 
drilled, and the remainder of the apparatus 
mounted. Holes for terminals etc., in the rear 
edge of the chassis should be marked and drilled 
at the same time that they are done for the top. 

CHAPTER 24 

Drilling and Cutting Holes 

When drilling holes in metal with a hand 
drill it is important that the centers first be 
located with a center punch, so that the drill 
point will not " walk" away from the center 
when starting the hole. When the drill starts to 
break through, special care must be used. 
Often it is an advantage to shift a two-speed 
drill to low gear at this point. Holes more 
than inch in diameter may be started with a 
smaller drill and reamed out with the larger drill. 
The chuck on the usual type of hand drill is 

limited to WI-inch drills. Although it is rather 
tedious, the 3d-inch hole may be filed out to 
larger diameters with round files. Another 
method possible with limited tools is to drill a 
series of small holes with the hand drill along 
the inside of the diameter of the large hole, 
placing the holes as close together as possible. 
The center may then be knocked out with a 
cold chisel and the edges smoothed up with a 
file. Taper reamers which fit into the carpen-
ter's brace will make the job easier. A large rat-
tail file clamped in the brace makes a very good 
reamer for holes up to the diameter of the file. 
if the file is revolved counterclockwise. 

For socket holes and other large round holes, 
an adjustable cutter designed for the purpose 
may be used in the brace. Occasional applica-
tion of machine oil in the cutting groove will 
help. The cutter first should be tried out on a 
block of wood, to make sure that it is set for 
the correct diameter. The most convenient device 
for cutting socket holes is the socket-hole punch. 
The best type is that which works by turning a 
take-up screw with a wrench. 

Rectangular Holes 

Square or rectangular holes may be cut out 
by making a row of small holes as previously 
described, but is more easily done by drilling 
a -inch hole inside each corner, as illus-
trated in Fig. 24-2, and using these holes for 
starting and turning the hack saw. The socket-
hole punch and the square punches which are 
now available also may be of considerable as-
sistance in cutting out large rectangular open-
ings. The burrs or rough edges which usually 
result after drilling or cutting holes may be re-
moved with a file, or sometimes more con-
veniently with a sharp knife or chisel. It is a 
good idea to keep an old wood chisel sharpened 
and available for this purpose. A burr reamer 
will also be useful. 

e CONSTRUCTION NOTES 
If a control shaft must be extended or in-

sulated, a flexible shaft coupling with adequate 
insulation should be used. Satisfactory support 
for the shaft extension can be provided by 
means of a metal panel bearing made for the 
purpose. Never use panel bearings of the non-
metal type unless the condenser shaft is 
grounded. The metal bearing should be con-
nected to the chassis with a wire or grounding strip. 
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This prevents any possible danger of shock. 
The use of fiber washers between ceramic 

insulation and metal brackets, screws or nuts 
will prevent the ceramic parts from breaking. 

Cutting and Bending Sheet Metal 

If a sheet of metal is too large to be cut con-
veniently with a hack saw, it may be marked 
with scratches as deep as possible along the 
line of the cut on both sides of the sheet and 
then clamped in a vise and worked back and 
forth until the sheet breaks at the line. Do 
not carry the bending too far until the break 
begins to weaken; otherwise the edge of the 
sheet may become bent. A pair of iron bars 
or pieces of heavy angle stock, as long or longer 
than the width of the sheet, to hold it in the 
vise will make the job easier. " C "-clamps may 
be used to keep the bars from spreading at the 
ends. The rough edges may be smoothed up 
with a file or by placing a large piece of emery 
cloth or sandpaper on a flat surface and run-
ning the edge of the metal back and forth over 
the sheet. 
Bends may be made similarly. The sheet 

should be scratched on both sides, but not so 
deeply as to cause it to break. 

Finishing Aluminum 

Aluminum chassis, panels and parts may be 
given a sheen finish by treating them in a caustic 
bath. An enamelled container, such as a dishpan 
or infant's bathtub, should be used for the solu-
tion. Dissolve ordinary household lye in cold 
water in a proportion of Yi to can of lye per 
gallon of water. The stronger solution will do the 
job more rapidly. Stir the solution with a stick of 
wood until the lye crystals are complete dissolved. 
Be very careful to avoid any skin contact with 
the solution. It is also harmful to clothing. Suffi-
cient solution should be prepared to cover the 
piece completely. When the aluminum is im-
mersed, a very pronounced bubbling takes place 
and ventilation should be provided to disperse 
the escaping gas. A half hour to two hours in the 
solution should be sufficient, depending upon the 
strength of the solution and the desired surface. 
Remove the aluminum from the solution with 

sticks and rinse thoroughly in cold water while 
swabbing with a rag to remove the black deposit 

DECIMAL EQUIVALENTS OF FRACTIONS 

1,22  .03125 17,32  .53125 
1/16  .0625 9/16  5625 

3,32  .09375 19/32  .59375 
1/8  .125 5/8  .625 

532  .15625 21 32  .65625 
3 16  .1875 11 16 . .. . . 6875 

7,32  .21875 23.32  .71875 
1, 4  .25 3'4  .75 

9/32  .28125 25/32  .78125 
5/16  .3125 13/16.....8125 

11/32  .34375 27/32  .84375 
3 8  .375 7/8  .875 

13,32  .40625 29/32  .90623 
7/16  .4375 15/16.... .9375 

15/32  .46875 31/32  .96875 
1/2  .5 1  1.0 

Then wipe off with a rag soaked in vinegar to 
remove any stubborn stains or fingerprints. (See 
May, 1950, QST for a method of coloring and 
anodizing aluminum.) 

Soldering 

The secret of good soldering is in allowing 
time for the joint, as well as the solder, to attain 
sufficient temperature. Enough heat should be 
applied so that the solder will melt when it 
comes in contact with the wires being joined, 
without touching the solder to the iron. Always 
use rosin-core solder, never acid-core. Except 
where absolutely necessary, solder should never be 
depended upon for the mechanical strength of the 
joint; the wire should be wrapped around the 
terminals or clamped with soldering terminals. 
When soldering crystal diodes or carbon re-

sistors in place, especially if the leads have been 
cut short and the resistor is of the small Ye-watt 
size, the resistor lead should be gripped with a 
pair of pliers up close to the resistor so that the 
heat will be conducted away from the resistor. 
Overheating of the resistor while soldering can 
cause a permanent resistance change of as much 
as 20 per cent. Also, mechanical stress will have 
a similar effect, so that a small resistor should 
be mounted so that there is no appreciable 
mechanical strain on the leads. 

Trouble is sometimes experienced in soldering 
to the pins of coil-forms or male cable plugs. It 
helps first to tin the inside of the pins by applying 
soldering paste to the hole, and then flowing 
solder into the pin. Then immediately clear the 
solder from the hot pin by a whipping motion or 
by blowing through the pin from the inside of the 
form or plug. Before inserting the wire in the 
pin, file the nickel plate from the tip. After solder-
ing, round the solder tip off with a file. 
When soldering to sockets, it is a good idea to 

have the tube or coil form inserted to prevent 
solder running down into the socket prongs. It 
also helps to conduct the heat away when solder-
ing to polystyrene sockets, which often soften 
under the heat of the iron. 

Wiring 

The wire used in connecting up amateur equip-
ment should be selected considering both the 
maximum current it will be called upon to handle 
and the voltage its insulation must stand without 
breakdown. Also, from the consideration of TVI, 
the power wiring of all transmitters should be 
(lone with wire that has a braided shielding cover. 
Receiver and audio circuits may also require the 
use of shielded wire at some points for stability, 
or the elimination of hum. 

No. 20 stranded wire is commonly used for 
most receiver wiring (except for the high-
requency circuits) where the current does not 
exceed 2 or 3 amperes. For higher-current heater 
circuits, No. 18 is available. Wire with cellulose 
acetate insulation is good for voltages up to about 
500. For higher voltages, thermoplastic-insulated 
wire should be used. Inexpensive wire strippers 
that make the removal of insulation from hook-up 
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(A) 

(B) 

(c) 
Fig. 24-3 — Cable-stripping dimensions for Jones Type 
P-101 plugs. Smaller dimen-imis are for %-incli plugs, 
the larger dimensions for 12.iiich plugs. As indicated in 
C, the remaining copper braid is wound with bare or 
tinned wire to make a snug fit in the sleeve of the plug. 

wire an easy job are available on the market. 
In cases where power leads have several 

branches in the chassis, it is convenient to use 
fiber-insulated tie points or " lug strips" as 
anchorages or junction points. Strips of this type 
are also useful as insulated supports for resistors, 
r.f. chokes and condensers. High-voltage wiring 
should have exposed points held to a minimum, 
and those which cannot be avoided should be 
rendered as inaccessible as possible to accidental 
contact or short-circuit. 
Where shielded wire is called for and capaci-

tance to ground is not a factor, Belden type 8885 
shielded grid wire may be used. If capacitance 
must be minimized, it may be necessary to use a 
piece of car-radio low-capacitance lead-in wire, 
or coaxial cable. 

For wiring high-frequency circuits, rigid wire is 
often used. Bare soft-drawn tinned wire, sizes 22 
to 12 (depending on mechanical requirements), 
is suitable. Kinks can be removed by stretching a 
piece 10 or 15 feet long and then cutting into 
short lengths that can be handled conveniently. 
It.f. wiring should be run directly from point to 
point with a minimum of sharp bends and the 

Solder Hole 

Fig. 24-4 — Dimensions for stripping %-incli cable to 
lit Amphenol Type 83-1SP (P1.-259) plug. 

Adapter 

--

 418493-7. 

12f21 ir 

Solder Hole 
Fig. 24-5 — Method of assembling %-inch cable, Am. 
phenol Type 83-1SP (1'1,-259) plug and adapter. 

wire kept well spaced from the chassis or other 
grounded metal surfaces. Where the wiring must 
pass through the chassis or a partition, a clear-
ance hole should be cut and lined with a rubber 
grommet. In case insulation becomes necessary, 
varnished cambric tubing (spaghetti) can be 
slipped over the wire. 

In transmitters where the peak voltage does 
not exceed 2500 volts, the shielded grid wire 
mentioned above should be satisfactory for power 
circuits. For higher voltages, Belden type 8656, 
Birnbach type 1820, or shielded ignition cable can 
be used. In the case of filament circuits carrying 
heavy current, it may be necessary to use No. 10 
or 12 bare or enameled wire, slipped through 
spaghetti, and then covered with copper braid 
pulled tightly over the spaghetti. The chapter 

Fig. 24-6 — Stripping dimensions for Amplienol 82-830 
and 82-832 plug-in connectors. The longer exposed braid 
is for the first type. 
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, 

(A) WRONG 

(B) RIGHT 

(C) RIGHT 

Fig. 24-7 — Methods of lacing cables. The method 
shown at C is more secure, hut takes more time than 
the method of B. The latter is usually adequate for most 
amateur requirements. 

on TVI shows the manner in which shielded wire 
should be applied. If the shielding is simply slid 
back over the insulation and solder flowed into 
the end of the braid, the braid usually will stay 
in place without the necessity for cutting it back 
or binding it in place. The braid should be 
burnished with sandpaper or a knife so that solder 
will take with a minimum of heat to protect the 
insulation underneath. 

R.f. wiring in transmitters usually follows the 
method described above for receivers with due 
respect to the voltages involved. 
Power and control wiring external to the trans-

mitter chassis preferably should be of shielded 
wire bound into a cable. Fig. 24-7 shows the cor-
rect methods of lacing cables. 

Coaxial Plug Connections 

Considerable time and trouble can be saved in 
making cable connections to coaxial plugs by 
starting out with the correct stripping dimen-
-aions. Fig. 24-3 shows how the end of the cable 
should be prepared for connecting to Jones 
Type P-101 plugs. After the exposed braid has 
been wound, it should be carefully tinned, apply-
ing no more heat than is necessary, to avoid melt-
ing the inner insulation. A small amount of solder 
also should be flowed into the sleeve of the plug. 
Then, when the cable is inserted in the sleeve, the 
connection can be made secure by holding the 
iron against the sleeve until the solder inside 
melts. While joining the two, the plug may be 

held by inserting it in a hole drilled in a board. 
Figs. 24-4, 24-5 and 24-6 show details of connec-
tions to different types of Amphenol plugs and 
adapters. In Fig. 24-4, it is easiest to eat through 
to the wire with a sharp knife at a distance of 
134 inch from the end of the wire and remove 
the insulation and shielding in one piece. Then 
slice off a ;Winch piece of polyethylene which 
mw be slid back onto the wire. 

After the braid in Fig. 24-5 has been frayed 
back, it will be necessary to file the braid down as 
much as possible to make it fit the plug. 

• COMPONENT VALUES 
Values of composition resistors and small 

condensers (mica and ceramic) are specified 
throughout this Handbook in terms of " pre-
ferred values." In the preferred-number sys-
tem, all values represent (approximately) a 
constant-percentage increase over the next 
lower value. The base of the system is the 
number 10. Only two significant figures are 
used. Table 24-II shows the preferred values 
based on tolerance steps of 20, 10 and 5 per 
cent. All other values are expressed by multi-
plying or dividing the base figures given in the 
table by the appropriate power of 10. (For 
example, resistor values of 33,000 ohms, 6800 
ohms, and 150 ohms are obtained by multiply-
ing the base figures by 1000, 100, and 10, 
respectively.) 
" Tolerance" means that a variation of plus 

or minus the percentage given is considered 
satisfactory. For example, the actual resistance 
of a " 4700-ohm" 20-per-cent resistor can lie 
anywhere between 3700 and 5600 ohms, ap-
proximately. The permissible variation in the 
same resistance value with 5-per-cent tolerance 

TABLE 24-II 
Standard Component Values 

20% 10% 6% 
Tolerance Tolerance Tolerance 

10 10 10 
11 

12 12 
13 

15 15 15 
16 

18 18 
20 

22 22 22 
24 

27 27 
30 

33 33 33 
36 

39 39 
43 

47 47 47 
51 

56 56 
62 

68 68 68 
75 

82 82 
91 

100 100 100 
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would be in the range from 4500 to 4900 ohms, 
approximately. 

Only those values shown in the first column 
of Table 24-II are available in 20-per-cent 
tolerance. Additional values, as shown in the 
second column, are available in 10-per-cent 
tolerance; still more values can be obtained in 
5-per-cent tolerance. 

In the component specifications in this 
Handbook, it is to be understood that when no 
tolerance is specified the largest tolerance 
available in that value will be satisfactory. 

Values that do not fit into the preferred-
number system (such as 500, 25,000, etc.) 
easily can be substituted. It is obvious, for 
example, that a 5000-ohm resistor falls well 
within the tolerance range of the 4700-ohm 
20-per-cent resistor used in the example above. 
It would not, however, be usable if the toler-
ance were specified as 5 per cent. 

• COLOR CODES 
Standardized color codes are used to mark 

values on small components such as composi-
tion resistors and mica condensers, and to 
identify leads from transformers, etc. The 
resistor-condenser number color code is given 
in Table 24-III. 

Fixed Condensers 

The methods of marking " postage-stamp" 
mica condensers, molded paper condensers, 
and tubular ceramic condensers are shown in 
Fig. 24-8. Condensers made to American War 
Standards or Joint Army-Navy specifications 
are marked with the 6-dot code shown at the 
top. Practically all surplus condensers are in 
this category. The 3-dot RETMA code is used for 
condensers having a rating of 500 volts and 
±20% tolerance only; other ratings and 
tolerances are covered by the 6-dot RETM A code. 

Examples: A condenser with a 6-dot code has 
the following markings: Top row, left to right, 
black, yellow, violet; bottom row, right to left, 
brown, silver, red. Since the first color in the top 
row is black (significant figure zero) this is the 
AWS code and the condenser has mica dielectric. 
The significant figures are 4 and 7, the decimal 
nuiltiplier 10 (brown, at right of second row), 
so the capacitance is 470 amid. The tolerance is 

11:1';,;.. The final color. the characteristic, deals 
with temperature coefficients and methods of 
tasting, and may be ignored. 
A condenser with a 3-dot code has the follow-

ing colors, left to right: brown, black, red. The 
significant figures are 1, 0 ( 10) and the multiplier 
is 100. Tice capacitance is therefore 1000 µdd. 
A condenser with a 6-dot code has the fol-

lowing markings: Top row, left to right, brown, 
black, black; bottom row, right to left, black, 
gold, Iffile. Since the first color in the top row is 
neither black nor silver, this is the RETMA code. 
Tice significant figures are 1, 0, 0 ( 100) and the 
decimal multipler is 1 (black). The capacitance 
is therefore 100 ¡odd. The gold dot shows that 
the tolerance is 5% and the blue dot indicates 
600-volt rating. 

Ceramic Condensers 

Ccriventional markings for ceramic con-

densers are shown in the lower drawing of 
Fig. 24-8. The colors have the meanings indi-
cated in Table 24-IV. In practice, dots may be 
used instead of the narrow bands indicated in 
Fig. 24-8. 

Example: A ceramic condenser has the fol-
lowing markings: Broad band, violet; narrow 
bands or dots, green, brown, black, green. Tice 
,ignificant figures are 5, 1 (51) and the decimal 
multiplier is 1, Sc) the capacitance is 51 mafd. 
The temperature coefficient is — 750 parts per 
million per degree C., as given by ti ce broad 
band, and the capacitance tolerance is 5%. 

Fixed Composition Resistors 

Composition resistors (including small wire-
wound units molded in cases identical with the 
composition type) are color-coded as shown in 

First 
Atka. capacitors- 81ack  significant figure 
&WS paper capacitors- --I Second 

silver) significant figure 

  (> 
0 0 0 

Characteristic —1 1 Lbecimalmultiplier 
 Tolerance 

AWS and JAN fixed capacitors 

First 
significant figure 

Second   
significant figure 

RETMA 3-dot 500-volt,*20"j, tolerance only 

First 
significant firre— 

  (> 

0 0 0 

IDecimal multiplier 
Voltage ratingi Lrol„ance 

Decimal 
multiplier 

Second 

kmperatu re coefficient 

I
significant figure 

Third 
lit. ,significant  figure 

RETMA 6-dot 

first significant figure 
sSecond significant figure 
e-Decimal multiplier 
>Capacitance tolerance 

Fixed ceramic capacitors 

Fig. 24-8 — Color coding of fixed mica, molded paper, 
and tubular ceramic condensers. The color code for mica 
and molded paper condensers is given in Table 24-III. 
Table 24-IV gives the color code for tubular ceramic 
condensers. 



CONSTRUCTION PRACTICES 

Find composition resistor, 

Fig. 24-9 — Color coding of fixed composition resistors. 
The color code is given in Table 24-III. The colored 
areas have the following significance: 

A — First significant figure of resistance in ohms 
13 — Second significant figure. 
C — Decimal multiplier. 
— lie,istance tolerance in per cent. If no color is 

shown, the tolerance is 21:1'70. 

Fig. 24-9. Colored bands are used on resistors 
haying axial leads; on radial-lead resistors the 
colors are placed as shown in the drawing. 
When bands are used for color coding the body 
color has no significance. 

Examples: A resistor of the type shown in the 
lower drawing of Fig. 24-9 has the following 
color bands: A. red; II, red; C, orange; D. no 
color. The significant figures are 2,2 (22) and the 
decimal multiplier is 1000. The value of resist-
ance is therefore 22,000 ohms and the tolerance 
is * 20';. 
A resistor of the type shown in the upper draw-

ing lies the following colors: body (A), blue; 
end ( II), gray; dot, red: end (D), gold. The 
significant figures are 6, 8 (68) and the decimal 
multiplier is 100, so the resistance is 6800 oloos. 
The tolerance is 5 

I. F. Transformers 

Blue — Plate lead. 
Red — " B" -I- lead. 
Green — grid (or diode) lead. 
Black -- grid (or diode) return. 

NOTE: If the secondary of the i.f.t. is center-
tapped, the second diode plate lead is green 

TABLE 24-III 
Resistor-Condenser Color Code 

Significant Decimal 
Color Figure Multiplier 

Black 
Brown 1 
Red 2 
Orange 3 
Yellow 
Green 
Blue 
Violet 
Gray 
White 
Gold 
Silver 
No color 

T',once Voltage 
, ) Rating* 

10 
100 

1000 
4 10,000 
5 100,000 
6 1,000,000 
7 10,000,000 
8 100,000,000 
9 1,000,000,000 

0. I 
0.01 

1* 
2* 
3* 
4* 
5* 
6* 
7* 
8* 
9* 
5 
10 
20 

* Applies to condensers only. 

100 
200 
300 
400 
500 
600 
700 
800 
900 
1000 
2000 
500 
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TABLE 24-IV 
Color Code for Ceramic Condensers 

Capacitance Tolerance 

Color 
Significant 

. • 
Figure 

Decimal 
Multiplies 

Temp. Co, ' 
P.P.m./,t, . More than Leas than 

10 add. 10 add. C. 

(in '"a (i1444) 

Black 0 1 * 20 2.0 0 
Brown 1 10 ds 1 — 3)) 
Red 2 100 * 2 —Si) 
Orange 3 1000 — 150 
Yellow 4 —220 
Green 5 t.h 5 0.5 —330 
Blue 6 —470 
Violet 7 — 750 
Gray 8 0 01 0.25 30 
White 9 0.1 * 10 1.0 500 

and-black striped, and black is used for the 
center-tap lead. 

A.F. Transformers 

Blue — plate (finish) lead of primary. 
Red — " B" lead (this applies whether the 

primary is plain or center-tapped). 
Brown — plate (start) lead on center-tapped 

primaries. (Blue may be used for this lead it 
polarity is not important.) 

Green — grid (finish) lead to secondary. 
Black -- grid return (this applies whether the 

secondary is plain or center-tapped). 
Yellow --- grid tstart) lead on center-tapped 

secondaries. (Green may be used for this 
lead if polarity is not important.) 

NoTE: These markings apply also to line-to-
grid and tube-to-line transformers. 

Loudspeaker Voice Coils 

Green — finish 
Black - start. 

Loudspeaker Field Coils 

Black an I Re I — start. 
Yellow awl Red — finish. 
Slate and Red — tap (if any). 

Power Transformers 

1) Primary Leads Black 
If tapped: 

Common Black 
Tap . Black and Yellow Striped 
Finish Black and Red Striped 

2) High-Voltage Plate Winding Red 
Center-Tap . Red and Yellow Striped 

3) Rectifier Filament Winding  Yellow 
Center-Tap.. Yellow and Blue Striped 

4) Filament Winding No  1 Green 
Center-Tap. . Green and Yellow Striped 

5) Filament Winding No  2   Brown 
Center-Tap. Brown and Yellow Striped 

6) Filament Winding No  3  Slate 
Center-Tap... Slate and Yellow Striped 



CHAPTER 25 

Operating a Station 

The enjoyment of our hobby usually comes 
from the operation of our station once we have 
finished its construction. Upon the station and 
its operation depend the communication records 
that are made. 
An operator with a slow, steady, clean-cut 

method of sending has a big advantage over 
the poor operator. Good sending is partly a 
matter of practice but patience and judgment 
are just as important qualities of an operator as 
a good " fist." The technique of speaking in 
connected thoughts and phrases is equally im-
portant for the operator who uses voice. 

• OPERATING COURTESY AND 
TOLERANCE 

Normal operating interests in amateur radio 
vary considerably. Some prefer to rag-chew, 
others handle traffic, others work DX, others 
concentrate on working certain areas, countries 
or states and still others get on for an occasional 
contact only to cheek a new transmitter or an-
tenna. 

Interference is one of the things we amateurs 
have to live with. However, we can conduct our 
operating in a way designed to alleviate it as 
much as possible. Before putting the transmitter 
on the air, listen on your own frequency. If you 
hear stations engaged in communication on that 
frequency, stand by until you are sure no inter-
ference will be caused by your operations, or 
shift to another frequency. No amateur or any 
group of amateurs has any exclusive claim to any 
frequency in any band. We must work together, 
each respecting the rights of others. Remember, 
those other chaps can cause you as much inter-
ference as you cause them, sometimes more! 
Where a VFO is used it is not necessary to stick 
to a single operating frequency though it is well 
to have one or two preferred and alternate fre-
quencies. It has become general operating proce-
dure these days to work stations on or near your 
own frequency. This practice will automatically 
assist in reducing interference. 

• C.W. PROCEDURE 
The best operators, both those using voice and 

e.w., observe certain operating procedures devel-
oped from experience and regarded as " standard 
practice." 

1) Calls. Calling stations may call efficiently 
by transmitting the call signal of the station 
called three times, the letters DE, followed by 

one's own station call sent three times. (Short 
calls with frequent " breaks" to listen have 
proved to be the best method.) Repeating the 
call of the station called four or five t jules and 
signing not more than two or three times has 
proved excellent practice, thus: NMI' W013.Y 
WOBY \MY WOBY DE W1AW W1AW AR. 

CQ. The general-inquiry call (CQ) should be 
sent not more than five times without interspers-
ing one's station identification. The length of 
repeated calls is carefully limited in intelligent 
amateur operating. ( CQ is not to be used when 
testing or .when the sender is not expecting or 
looking for an answer. Never send a CQ " blind." 
Always be sure to listen on the transmitting fre-
quency first.) 
The directional CQ: To reduce the number of 

useless answers and lessen QRM, every CQ call 
should he made informative when possible. 

Examples: A United States station looking for 
any Hawaiian amateur calls: CQ KIM CQ 

CQ KH6 DE W4IA W4IA W4IA K. A 
Western station with traffic for the East Coast 
when looking for an intermediate relay station 
calls: CQ EAST CQ EAST CQ EAST DE 
W5IGW W5IGNV W5IGW K. A station with 
messages for points in Massachusetts calls: CQ 
MASS CQ MASS CQ MASS DE W7CZY 
W7CZY W7CZY K. 

Hams who do not raise stations readily may 
find that their sending is poor, their calls ill-timed 
or judgment in error. When conditions are right 
to bring in signals from the desired locality, you 
can call them. Reasonably short calls, with ap-
propriate and brief breaks to listen, will raise 
stations with minimum time and trouble. 

2) Answering a Call: Call three times (or less); 
send DE; sign three times (or less); after contact 
is established decrease the use of the call signals 
of both stations to once or twice. When a station 
receives a call but does not receive the call letters 
of the station calling, QRZ? may be used. It 
means "By whom am I being called?" QRZ 
should not he used in place of CQ. 

3) Ending Signals and Sign-Off: The proper 

use of AR, K, KN, SK and CL ending signals is 
as follows: 

AR — End of transmission. Recommended 
after call to a specific station before contact has 
been established. 

Example: W6ABC W6ABC W6ABC W6ABC 

W6ABC DE WOLMN W91..MN AR. Also at the 
end of transmission of a radiogram, immediately 
following the signature, preceding identification. 

K — Go ahead (any station). Recommended 
after CQ and at the end of each transmission 
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during QS0 when there is no objection to others 
breaking in. 

, Example: CQ CQ CQ DE W1ABC W1ABC 
K or W9XYZ DE W1ABC K. 

KN — Go ahead (specific station), all others 
keep out. Recommended at the end of each 
transmission during a QSO, or after a call, when 
calls from other stations are not desired and will 
not be answered. 

Example: ‘V-tleGli DE N1"60111., EN. 

SK — End of QS0. Recommended before 
signing last transmission at end of a QS0. 

Example: ... . SE W8LMN DE W5BCD. 

CL — I am closing station. Recommended 
when a station is going off the air, to indicate 
that it will not listen for any further calls. 

Example: .... SK W7I11.1 DE W211:1. CL. 

4) Test signals to permit another station to 
adjust receiving equipment may consist of a 
series of Vs with the call signal of ti te t ransmit t ing 
station at frequent intervals. Willem' sr that a 
test signal can be a totally unwarranted cause of 
QRM, and always listen first to find a clear spot 
if possible. 

5) Receipting for conversation or traffic: Never 
send acknowledgment until the transmission has 
been entirely received. " It" means " All right, 
0E, I understand completely." Use It only when 
all is received correctly. 

6) Repeats. When most of a transmission is 
lost, a call should be followed by correct abbre-
viations to ask for repeats. When a few words on 
the end of a transmission are lost, the last word 
received correctly is given after ?AA, meaning " all 
after." When a few words at the beginning of a 
transmission are lost, ?AB for " all before" a 
stated word should be used. The quickest way 
to ask for a fill in the middle of a transmission is 
to send the last word received correctly, a ques-
tion mark, then the next word received correctly. 
Another way is to send "?BN [word] and [word]." 
Do not send words twice (QSZ) unless it is 

requested. Send single. Do not fall into the had 
habit of sending double without a request from 
fellows you work. Don't say "QRM" or "QRN" 
when you mean " QRS." Don't CQ unless there 
is definite reason for so doing. When sending 
CQ, use judgment. 

General Practices 

When a station has receiving trouble, the aer-
ator asks the transmitting station to " QSV." 
The letter " R" is often used in place of a decimal 
point (e.g., " 3R5 Mc.") or the colon in time 
designation (e.g., "2R30 PM"). A long dash is 
sometimes sent for " zero." 
The law concerning superfluous signals should 

be noted. If you must test, disconnect the antenna 
system and use an equivalent " dummy" an-
tenna. Send your call frequently when operating. 
Pick a time for adjusting the station apparatus 
when few stations will be bothered. 
The up-to-date amateur station uses " break-

in." For best results send at a medium speed. 
Send evenly with proper spacing. The standard-
type telegraph key is best for all-round use. 
Regular daily practice periods, two or three 
periods a day, are best to acquire real familiarity 
and proficiency with code. 
No excuse can be made for " garbled" copy. 

Operators should copy what is sent and refuse to 
acknowledge a whole transmission until every 
word has been received correctly. Good operators 
do not guess. "Swing" in a fist is not the mark of 
a good operator. Unusual words are sent twice, 
the word repeated following the transmission of 
"?". If not sure, a good operator systematically 
asks for a fill or repeat. Sign your call frequently, 
interspersed with calls, and at the end of all 
transmissions. 

On Good Sending 

Assuming that an operator has learned sending 
properly, and comes up with a precision " fist" 
— not fast, but clean, steady, making well-
formed rhythmical characters and spacing beau-
tiful to listen to — he then becomes subject to 
outside pressures to his own possible detriment 
in everyday operating. He will want to " speed 
it up" because the operator at the other end is 
going faster, and so he begins, unconsciously, to 
run his words together or develops a " swing." 

Perhaps one of the easiest ways to get into 
bad habits is to do too much playing around 
with special keys. Too many operators spend 
only enough time with a straight key to acquire 
"passable" sending, then subject their newly-
developed " fists" to the entirely different move-
melds of bugs, side-swipers, electronic keys, or 
what-have-you. All too often, this results in the 
ruination of what may have become a very good 
"fist." 
Think about your sending a little. Are you 

satisfied with it? You should not be — ever. 
Nobody's sending is perfect, and therefore every 
operator should continually strive for improve-
ment. Do you ever run letters together — like Q 
for MA, or P for AN — especially when you are 
in a hurry? Practically everybody does at one 
time or another. Do you have a " swing"? Any 
recognizable " swing" is a deviation from per-
fection. Strive to send like tape sending; copy a 
W1AW Bulletin and try to send it with the same 
spacing using a local oscillator on a subsequent 
transmission. 
Check your spacing in characters, between 

characters and between words occasionally by 
making a recording of your fist on an inked tape 
recorder. This will show up your faults as noth-
ing else will. Practice the' correction of faults. 

• USING A BREAK-IN SYSTEM 
Break-in avoids unnecessarily long calls, pre-

vents QRM, gives more communication per hour 
of operating. Brief calls with frequent short 
pauses for reply can approach (but not equal) 
break-in efficiency. 
A separate receiving antenna facilitates break-
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in operation. It is only necessary with break-in 
to pause just a moment with the key up (or to 
cut the carrier momentarily and pause in a 
'phone conversation) to listen for the other sta-
tion. The click when the carrier is cut off is as 
effective as the word " break." 

C.w. telegraph break-in is usually simple to 
arrange. With break-in, ideas and messages to 
be transmitted can be pulled right through the 
holes in the QRNI. Snappy, efficient amateur 
work with break-in usually requires a separate 
receiving antenna and arrangement of the trans-
mitter and receiver to eliminate the necessity for 
throwing switches between transmissions. 

In calling, the transmitting operator sends the 
letters " BK" at frequent intervals during his 
call so that stations hearing the call may know 
that break-in is in use and take advantage of the 
fact. He pauses at intervals during his call, to 
listen for a moment for a reply. If the station 
being called does not answer, the call can be con-
tinued. 
With a tap of the key, the man on the receiv-

ing end can interrupt (if a word is missed). The 
other operator is constantly monitoring, await-
ing just such directions. It is not necessary that 
you have perfect facilities to take advantage of 
break-in when the stations you work are break-in-
equipped. After any invitation to break is given 
(and at each pause) press your key — and con-
tact can start immediately. 

• VOICE OPERATING 
The use of proper procedure to get best results 

is just as important as in using code. In telegra-
phy words must be spelled out letter by letter. 
It is therefore but natural that abbreviations 
and shortcuts should have come into widespread 
use. In voice work, however, abbreviations are 
not necessary, and should have less importance 
in our operating procedure. 
The letter " K" has been agreed to in tele-

graphic practice so that the operator will not 
have to pound out the separate letters that spell 
the words " go ahead." The voice operator can 
say the words "go ahead" or " over," or " come 
in please." 
One laughs on c.w. by spelling out HI. On 

'phone use a laugh when one is called for. Be nat-
ural as you would with your family and friends. 
The matter of reporting readability and strength 

is as important to 'phone operators as to those 
using code. With telegraph nomenclature, it is 
necessary to spell out words to describe signals 
or use the abbreviated signal reporting system 
(RST . . . see Chapter Twenty-Six). Using 
voice, we have the ability to " say it with words." 
"Readability four, Strength eight" is the best 
way to give a quantitative report. Reporting can 
be done so much more meaningfully with ordi-
nary words: " You are weak but you are in the 
clear and I can understand you, so go ahead," or 
"Your signal is strong but you are buried under 
local interference." Why not say it with words? 

Voice-Operating Hints 

1) Listen before calling. 
2) Make short calls with breaks to 

listen. Avoid long CQs; do not answer 
any. 

3) Use push-to-talk. Give essential data 
concisely in first transmission. 

4) Make reports honest. Use definitions 
of strength and readability for reference. 
Make your reports informative and useful. 
Honest reports and full word description 
of signals save amateur operators from 
FCC trouble. 

5) Limit transmission length. Two min-
utes or less will convey much information. 
When three or more stations converse in 
round tables, brevity is essential. 

6) Display sportsmanship and courtesy. 
Bands are congested . . . make trans-
missions meaningful . . . give others a 
break. 

7) Check transmitter adjustment . . 
avoid AM overmodulation and splatter. 
Do not radiate when moving VE0 fre-
quency or checking NEM swing. Use 
receiver b.f.o. to check stability of signal. 
Complete testing before busy hours! 

Voice Equivalents to Code Procedure 
Voice 

Go ahead; over 

Wait; stand by 
Okay 

Code 
K 

AS, QRX 

Meaning 
Self-explanatory 

Self-explanatory 
Receipt for a cor-
rectly-transcribed 
message or for 
"solid" transmission 
with no missing por-
tions 

'Phone- Operating Practice 

Efficient voice communication, like good c.w. 
communication, demands good operating. Ad-
herence to certain points " on getting results" 
will go a long way toward improving our 'phone-
band operating conditions. 

Use push-to-talk technique. Where possible ar-
range on-off switches or controls for fast back-
and-forth exchanges that emulate the practicality 
of the wire telephone. This will help reduce the 
length of transmissions and keep brother ama-
teurs from calling you a " monologuist" — a guy 
who likes to hear himself talk! 

Listen with care. Keep noise and " back-
grounds" out of your operating room to facilitate 
good listening. It is natural to answer the strong-
est signal, but take time to listen and give some 
consideration to the best signals, regardless of 
strength. Every amateur cannot run a kilowatt, 
but there is no reason why every amateur cannot 
have a signal of good quality, and utilize uniform 
operating practices to aid in the understanda-
bility and ease of his own communications. 

Interpose your call regularly and al frequent 
intervals. Three short calls are better than one 
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long one. In calling CQ, one's call should certainly 
appear at least once for every five or six CQs. 
Calls with frequent breaks to listen will save 
time and be most productive of results. In iden-
tifying, always transmit your own call last. Don't 
say " This is W1ABC standing by for W2DEF"; 
say " W2DEF, this is W1ABC, over." FCC regu-
lations show the call of the transmitting station 
sent last. 

Include country prefix before call. It is not cor-
rect to say "9RRX, this is 1BDI." Correct and 
'legal use is " W9RRX, this is W1BDI." FCC 
regulations require proper use of calls; stations 
have been cited for failure to comply with this 
requirement. 

Monitor your own frequency. This helps in t im-
ing calls and transmissions. Send when there is a 
chance of being copied successfully — not when 
you are merely " more QRM." Timing transmis-
sions is an art to cultivate. 
Keep modulation constant. By turning the gain 

"wide open" you are subjecting anyone listening 
to the diversion of whatever noises are present in 
or near your operating room, to say nothing of 
the possibility of feed-back, echo due to poor 
acoustics, and modulation excesses due to sudden 
loud noises. Speak near the microphone, and 
don't let your gaze wander all over the station 
causing sharply-varying input to your speech 
amplifier; at the same time, keep far enough from 
the microphone so your signal is not modulated 
by your breathing. Change distance or gain only 
as necessary to insure uniform transmitter per-
formance without overmodulation, splatter or 
distortion. 
Make connected thoughts and phrases. Don't mix 

disconnected subjects. Ask questions consistently. 
Pause and get answers. 
Have a pad of paper handy. It is convenient 

and desirable to jot down questions as they come 
in the course of discussion in order not to miss 
any. It will help you to make intelligent to-the-
point replies. 

Steer clear of inanities and soap-opera stuff. Our 
amateur radio and also our personal reputation 
as a serious communications worker depend on us. 
Amid repetition. Don't repeat back what the 

other fellow has just said. Too often we hear a 
conversation like this: " Okay on your new an-
tenna there, okay on the trouble you're having 
with your receiver, okay on the company who 
just came in with some ice cream, okay . . . 
tete.]." Just say you received everything OK. 
Don't try to prove it. 

Use phonetics only as required. When clarifying 
genuinely doubtful expressions and in getting 
your call identified positively we suggest use of 
the ARRL Phonetic List. Limit such use to 
really-necessary clarification. 
The speed of radiotelephone transmission (with 

perfect accuracy) depends almost entirely upon 
the skill of the two operators involved. One must 
learn to speak at a rate allowing perfect under-
standing as well as permitting the receiving 
operator to copy down the message text, if that 
is necessary. Because of the similarity of many 
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English speech sounds, the use of alphabetical 
word lists has been found necessary. All voice-
operated stations should use a standard list as 
needed to identify call signals or unfamiliar 
expressions. 

ARRL Word List for Radiotelephony 

ADAM 
BAKER 
CHARLIE 
DAVID 
EDWARD 
FRANK 
G EORG E 
HENRY 
IDA 

JOHN SUSAN 
KING THOMAS 
LEWIS UNION 
MARY VICTOR 
NANCY WILLIAM 
OTTO X-RAY 
PETER YOUNG 
QUEEN ZEBRA 
ROBERT 

Example: W1AW W 1 ADAM WILLIAM. 

Round Tables. The round table has many ad-
vantages if run properly. It clears frequencies of 
interference, especially if all stations involved 
are on the same frequency, while the enjoyment 
value remains the same, if not greater. By use of 
push-to-talk, the conversation can be kept lively 
and interesting, giving each station operator 
ample opportunity to participate without wait-
ing overlong for his turn. 
Round tables can become very unpopular if 

they are not conducted properly. The monologu-
ist, off on a long spiel about nothing in particular, 
cannot be interrupted; make your transmissions 
short and to the point. " Butting in" is discourteous 
and unsportsmanlike; don't enter a round table, or 
any contact between two other amateurs, unless you 
are invited. It is bad enough trying to understand 
voice through prevailing interference without 
the added difficulty of poor quality; check your 
transmitter adjustments frequently. In general, 
follow the precepts as hereinbefore outlined for 
the most enjoyment in round tables as well as 
any other form of radiotelephone communication. 

• WORKING DX 
Most amateurs at one time or another make 

"working DX" a major aim. As in every other 
phase of amateur work, there are right and wrong 
ways to go about getting best results in working 
foreign stations, and it is the intention of this 
section to outline a few of them. 
The ham who has trouble raising DX stations 

readily may find that poor transmitter efficiency 
is not the reason. He may find that his sending 
is poor, or his calls ill-timed, or his judgment in 
error. When conditions are right to bring in the 
DX, and the receiver sensitive enough to bring 
in several stations from the desired locality, the 
way to work DX is to use the appropriate fre-
(Iuency and timing and call these stations, as 
against the common practice of calling "CQ 
DX." 
The call CQ DX means slightly different things 

to amateurs in different bands: 
a) On v.h.f., CQ DX is a general call ordi-

narily used only when the band is open, under 
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favorable "skip" conditions. For v.h.f. work 
such a call is used for looking for new states and 
countries, also for distances beyond the custom-
ary " line-of-sight" range on most v.h.f. bands. 

b) CQ DX on our 7-, 14- and 28-Mc. bands 
may be taken to mean " General call to any for-
eign station." The term " foreign station" usually 
refers to any station in a foreign continent. (Ex-
perienced amateurs in the U. S. A. and Canada 
do not use this call, but answer such calls made 
nr foreign stations.) 

DX OPERATING CODE 

(For W/ VE Amateurs) 

Some amateurs interested in DX work 
have caust•d considerable confusion and 
QRM in their efforts to work DX sta-
tions. The points below, if observed by 
all \V/VE amateurs, will go a long way 
buvard making DX more enjoyable for 
everybody. 

1. Call DX only after he calls CQ, 
QltZ?, signs SK, or 'phone equivalents 
thereof. 

2. Do not call a DX station: 
a. On the frequency of the station 

he is working until you are sure 
the QS0 is over. This is indicated 
by the ending signal SK on c.w. 
and any indication that the opera-
tor is listening, on 'phone. 

b. Because you hear someone else 
calling him. 

c. When he signs KN, AR, CL, or 
'phone equivalents. 

d. Exact ly on his frequency. 
e. After he calls a directional CQ, 

unless of course you are in the 
right direction or area. 

3. Keep within frequency-band limits. 
Some DX stations operate outside. Per-
haps they can get away with it, but you 
cannot. 

4. Ohscrve calling instructions of DX 
stations. " 10U" means call ten ke. up 
from his frequency, " 15D" means 15 ke. 
(town, etc. 

5. Give honest reports. Many foreign 
stations depend ,on W and VE reports for 
adjustment of station and equipment. 

6. Keep your signal clean. Key clicks, 
chirps, hum or splatter give you a bad 
reputation and may get you a citation 
from FCC. 

7. Listen for and call the station you 
want. Calling CQ DX is not the best as-
surance that the rare DX will reply. 

8. When there are several W or VE 
stations waiting to work a DX station, 
avoid asking him to " listen for a friend." 
Let your friend take his chances with the 
rest. Also avoid engaging DX stations in 
rag-chews against their wishes. 

CHAPTER 25 

c) CQ DX used on 3.5 Mc. under winter-night 
conditions may be used in this same manner. At 
other times, under average 3.5-Mc, propagation 
conditions, the call may be used in domestic 
work when looking for new states or countries in 
one's own continent, usually applying to stations 
located over 1000 miles distant from you. 
• The way to work DX is not to use a CQ call 
at all (in our continent). Instead, use your best 
tuning skill — and listen — and listen — and 
listen. You have to hear them before you can work 
them. Hear the desired stations first; time your. 
calls well. Use your utmost skill. A sensitive re-
ceiver is often more important than the power 
input in working foreign stations. If you can hear 
stations in a particular country or area, chances 
are that you will be able to work someone there. 
One of the most effective ways to work DX is 

to know the operating habits of the DX stations 
sought. Doing too much transmitting on the DX 
bands is not the way to do this. Again, listening 
is effective. Once you know the operating habits 
of the DX station you are after you will know 
when and where to call, and when to remain 
silent waiting your chance. 
Some DX stations use the signals HM, MH, 

LM and ML to indicate where they are tuning 
for replies The meanings of these signals are as 
follows: 

IIM — Will start to listen at high-frequency end of band and 
tune toward middle of band. 

NI — Will start to listen in the middle of the band and 
tune toward the high-frequency end. 

LM — Will start to listen at low-frequency end of band and 
tune toward middle of band. 

M L — ‘Vill start to listen in the middle uf the band and 
tune toward the /me-frequency end. 

Example: If the procedure will be to tune 
from the middle of the band to the high end, a 
CQ call goes: CQ DE G5BY M II K. 

ARRL has recommended some operating pro-
cedures to DX stations aimed at controlling 
some of the thoughtless operating practices 
sometimes used by \V/VE amateurs. A copy of 
these recommendations (Operating Aid No. 5) 
can be obtained free of charge from ARRL Head-
quarters. 

In any band, particularly at line-of-sight fre-
quencies, when directional antennas are used, 
the directional CQ such as CQ W5, CQ north, 
etc., is the preferable type of call. Mature ama-
teurs agree that CQ DX is a wishful rather than 
a practical type of call for most stations in the 
North Americas looking for contacts in foreign 
countries. Ordinarily, it is a cause of unneces-
sary QRM. 

Conditions in the transmission medium make 
all field strengths from a given region more 
nearly equal at a distance, irrespective of power 
used. In general, the higher the frequency band, 
t he less important power considerations bccome. 
This accounts in part for the relative popularity 

the 14- and 28-Mc, bands among amateurs who 
like to work DX. 
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KEEP AN AN ACCURATE AND COMPLETE STATION LOG AT ALL TIMES! F.C.C. REQUIRES IT. 

A page from the official ARRL log is shown above, answering every Government requirement in respect to station 
records. Bound logs made up in accord with the above form can be obtained from Headquarters for a nominal sum 
or you can prepare your own, in which case we offer this form as a suggestion. The ARRL log has a special wire 
binding and lies perfectly flat on the table. 

• KEEPING AN AMATEUR 
STATION LOG 

The FCC requires every amateur to keep a 
complete station operating record. It may also 
contain records of experimental tests and adjust-
ment data. A stenographer's notebook can be 
ruled with vertical lines in any form to suit the 
user. The Federal Communications Commission 
requirements are that a log be maintained that 
shows (1) the date and time of each transmission, 
(2) all calls and transmissions made (whether 
two-way contacts resulted or not), (3) the input 

power to the last stage of the transmitter, (4) 
the frequency band used, (5) the time of ending 
each QS0 and the operator's identifying signa-
ture for responsibility for each session of operat-
ing. Messages may be written in the log or sepa-
rate records kept — but record must be made 
for one year as required by the FCC. For the 
convenience of amateur station operators ARRL 
stocks both logbooks and message blanks, and if 
one uses the official log he is sure to comply fully 
with the Government requirements if the pre-
cautions and suggestions included in the log are 
followed. 

Message Handling 

Amateur operators in the United States and 
a few other countries enjoy a privilege not avail-
able to amateurs in most countries — that of 
handling third-party message traffic. In the early 
history of amateur radio in this country, some 
amateurs who were among the first to take ad-
vantage of this privilege formed an extensive 
relay organization which became known as the 
American Radio Relay League. 
Thus, amateur message-handling has had a 

long and honorable history and, like most serv-
ices, has gone through many periods of develop-
ment and change. Those amateurs who handled 
traffic in 1914 would hardly recognize it the way 
some of us do it today, just as equipment in 
those days was far different from that in use 
now. Progress has been made and new methods 
have been developed in step with advancement 
in communication techniques of all kinds. Ama-
teurs who handled a lot of traffic found that or-
ganized operating schedules were more effective 
than random relays, and as techniques ad-
vanced and messages increased in number, trunk 
lines were organized, spot frequencies began to 
be used, and there sprang into existence a num-
ber of traffic nets in which many stations oper-
ated on the same frequency to effect wider cov-

erage in less time with fewer relays; but the old 
methods are still available to the amateur who 
handles only an occasional message. 

Although message handling is as old an art as 
is amateur radio itself, there are many amateurs 
who do not know how to handle a message and 
have never done so. As each amateur grows 
older and gains experience in the amateur serv-
ice, there is bound to come a time when he will 
be called upon to handle a written message, 
during a communications emergency, in casual 
contact with one of his many acquaintances on 
the air, or as a result of a request from a non-
amateur friend. Regardless of the occasion, if it 
comes to you, you will want to rise to it! Con-
siderable embarrassment is likely to be experi-
enced by the amateur who finds he not only does 
not know the form in which the message should 
be prepared, but does not know what to do with 
the message once it has been filed or received in 
his station. 

Traffic work need not be a complicated or 
time-consuming activity for the casual or occa-
sional message-handler. Amateurs may partici-
pate in traffic work to whatever extent they wish, 
from an occasional message now and then to 
becoming a part of organized traffic systems. 
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This chapter explains some principles so the 
reader may know where to find out more about 
the subject and may exercise the message-han-
dling privilege to best effect as the spirit and 
opportunity arise. 

Responsibility 

Amateurs who originate messages for trans-
mission or who receive messages for relay or 
delivery should first consider that in doing so 
they are accepting the responsibility of clearing 
the message from their station on its way to its 
destination in the shortest possible time. Forty-
eight hours after filing or receipt is the generally-
accepted rule among traffic-handling amateurs, 
but it is obvious that if every amateur who 
relayed the message allowed it to remain in his 
station this long it might be a long time reaching 
its destination. Traffic should be relayed or de-
livered as quickly as possible. 

Message Form 

Once this responsibility is realized and ac-
cepted, handling the message becomes a matter 
of following generally-accepted standards of 
form and transmission. For this purpose, each 
message is divided into four parts: the preamble, 
the address, the text and the signature. Some of 
these parts themselves are subdivided. It is nec-
essary in preparing the message for transmission 
and in actually transmitting it to know not only 
what each part is and what it is for, but to know 
in what order it should be transmitted, and to 
know the various procedure signals used with it 
when sent by c.w. If you are going to send a 
message, you may as well send it right. 

Standardization is important! There is a great 
deal of room for expressing originality and indi-
viduality in amateur radio, but there are also 
times and places where such expression can only 
cause confusion and inefficiency. Recognizing 
the need for standardization in message form 
and message transmitting procedures, ARRL 
has long since recommended such standards, and 
most traffic-interested amateurs have followed 
them. In general, these recommendations, and 
the various changes they have undergone from 
year to year, have been at the request of ama-
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Here is an example of a plain-language message in cor 
rect ARRL form. The preamble is always sent as shown. 
number, station of origin, check, place of origin, time 
filed, date. 
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teurs participating in this activity, and they are 
completely outlined and explained in Operating 
an Amateur Radio Station, a copy of which is 
available upon request or by use of the coupon 
at the end of this chapter. 

Clearing a Message 

Amateurs not experienced in message handling 
should depend on the experienced message-
handler to get a message through, if it is impor-
tant; but the average amateur can enjoy operat-
ing with a message to be handled either through 
a local traffic net or by free-lancing. The latter 
may be accomplished by careful listening for an 
amateur station at desired points, directional 
CQs, use of the General Calling frequencies, or 
by making and keeping a schedule with another 
amateur for regular work between specified 
points. He may well aim at learning and enjoy-
ing through doing. The joy and accomplishment 
in thus developing one's operating skill to top 
perfection has a reward all its own. 
The best way to clear a message is to put it 

into one of the many organized traffic networks, 
or to give it to a station who can do so. There 
are many amateurs who make the handling of 
traffic their principal operating activity, and 
many more still who participate in this activity 
to a greater or lesser extent. The result is a sys-
tem of traffic nets which spreads to all corners of 
the United States and covers most U. S. posses-
sions and Canada. Once a message gets into one 
of these nets, regardless of the net's size or cov-
erage, it is systematically routed toward its des-
tination in the shortest possible time. 

If you decide to " take the bull by the horns" 
and put the message into a traffic net yourself 
(and more power to you if you do!), you will 
need to know something about how traffic nets 
operate, and the special Q signals and procedure 
they use to dispatch all traffic with a maximum 
of efficiency. Reference to net lists in QST (usu-
ally in the November and January issues) will 
give you the frequency and operating time of the 
net in your section, or other net into which your 
message can go. Listening for a few minutes at 
the time and frequency indicated should ac-
quaint you with enough fundamentals to enable 
you to report into the net and indicate your 
traffic. From that time on you follow the instruc-
tions of the net control station, who will tell you 
when and to whom (and on what frequency, if 
different from the net frequency) to send your 
message. Since most nets use the special " QN" 
signals, it is usually very helpful to have a list 
of these before you (list available from ARRL 
Hq.). 

Network Operation 

About this time, you may find that you are 
enjoying this type of operating activity and want 
to know more about it, and to increase your 
proficiency. Many amateurs are happily " ad-
dicted" to traffic handling after only one or two 
brief exposures to it. Most traffic nets are at pres-
ent being conducted by c.w., since this mode of 
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communication seems to be more popular for 
record purposes — but this does not mean that 
high code speed is a necessary prerequisite to 
working in traffic networks. There are many nets 
organized specifically for the slow-speed amateur, 
and most of the so-called " fast" nets are usually 
glad to slow down to accommodate slower opera-
tors, especially those nets at state or section level. 
The significant facet of net operation, how-

ever, is that code speed alone does not make for 
efficiency — sometimes quite the contrary! A 
high-speed operator who does not know net pro-
cedure can " foul up" a net much more com-
pletely and more quickly than can a slow opera-
tor. It is a proven fact that a bunch of high-speed 
operators who are not "savvy" in net operation 
cannot accomplish as much during a specified 
period as an equal number of slow operators who 
know net procedure. Don't let your code speed 
deter you from getting into traffic work. Given 
a little time, your speed will reach the point 
where you can compete with the best of them. 
Concentrate first on learning net procedure, for 
most traffic nowadays is handled on nets. 
Much traffic is also being handled on 'phone 

nowadays. This mode is exceptionally well 
suited to short-range traffic work and requires 
knowledge of phonetics and procedure peculiar 
to voice operation. Procedure is of paramount 
importance on 'phone, since the public may be 
listening. The major problem, of course, is QRM. 

Teamwork is the theme of net operation. The 
net which functions most efficiently is the net 
in which all participants are thoroughly familiar 
with the procedure used, and in which operators 
refrain from transmitting except at the direct ion 
of the net control station, and do not occupy 
time with extraneous comments, even exchange 
of pleasantries. There is a time and place for 
everything. When a net is in session it should 
concentrate on handling traffic until all traffic is 
cleared. Before or after the net is the time for 
rag-chewing and discussion. Some details of net 
operation are included in Operating an Amateur 
Radio Station, mentioned earlier, but the whole 
story cannot be told. There is no substitute for 
actual participation. 

The National Traffic System 

To facilitate and speed the movement of mes-
sage traffic, there is in existence an integrated 
national system by means of which originated 
traffic will normally reach its destination area 
the same day the message is originated. This sys-
tem uses the local section net as a basis. Each 
section net sends a representative to a " regional" 
net (normally covering a call area) and each 
"regional" net sends a representative to an 
"area" net (normally covering a time zone). 
After the area net has cleared all its traffic, its 
members then go back to their respective re-
gional nets, where they clear traffic to the various 
section net representatives. By means of con-
necting schedules between the area nets, traffic 
can flow both ways so that traffic originated on 
the West Coast reaches the East Coast with a 
maximum of dispatch, and vice versa. In general 
local section nets function at 1900, regional nets 
at 1945, area nets at 2030 and the same or 
different regional personnel again at 2130. Some 
section nets conduct a late session at 2200 to 
effect traffic delivery the same night. Local time 
is referred to in each case. 
The NTS plan somewhat spreads traffic oppor-

tunity so that casual traffic may be reported into 
nets for efficient handling one or two nights per 
week, early or late; or the ardent traffic man can 
operate in both early and late groups and in be-
between to roll up impressive totals and speed 
traffic reliably to its destination. Old-time traffic 
men who prefer a high degree of organization 
and teamwork have returned to the traffic game 
as a result of the new system. Beginners have 
shown more interest in becoming part of a sys-
tem nationwide in scope, in which anyone can 
participate. The National Traffic System has 
vast and intriguing possibilities as an amateur 
service. It is open to any amateur who wishes to 
participate. 
The above is but the briefest résumé of what 

is of necessity a rather complicated arrangement 
of nets and schedules. Complete details of the 
System and its operation are available to anyone 
interested. Just drop a line to ARRL Head-
quarters. 

Emergency Communication 
One of the most important ways in which the 

amateur serves the public, thus making his ex-
ist ence a national asset, is by his preparation for 
and his participation in communications emer-
gencies. Every amateur, regardless of the extent 
of his normal operating activities, should give 
some thought to the possibility of his being the 
only means of communication should his com-
munity be cut off from the outside world. It has 
happened many times, often in the most unlikely 
places; it has happened without warning, finding 
some amateurs totally unprepared; it can happen 
to you. Are you ready? 
There are two principal ways in which any 

amateur can prepare himself for such an even-
tuality. One is to provide himself with equip-

ment capable of operating on any type of emer-
gency power (i.e., either a.c. or d.c.), and equip-
ment which can readily be transported to the 
scene of disaster. Mobile equipment is especially 
desirable in most emergency situations. 
Such equipment, regardless of its elaborate-

ness or modernness, is of little use, however, if 
it is not used properly and at the right times; 
and so another way for an amateur to prepare 
himself for emergencies, by no means less im-
portant than the first, is to learn to operate effi-
ciently. There are many amateurs who feel that 
they know how to operate efficiently who find 
themselves considerably handicapped at the 
crucial time by not knowing proper procedure, 
by being unable due to years of casual amateur 
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operation to adapt themselves to snappy, ab-
breviated transmissions, and by being unfamiliar 
with message form and routing procedures. It is 
dangerous to overrate your ability in this respect; it 
is far bet ter to assume that you have much to learn. 

In general it can be said that there is more 
emergency equipment available than there are 
operators who know properly how to operate 
during emergency conditions, for such condi-
tions require clipped, terse procedure with com-
plete break-in on c.w. and fast push-to-talk on 
'phone. The casual rag-chewing aspect of ama-
teur radio, however enjoyable and worth-while 
in its place, must be forgotten at such times in 
favor of the business at hand. There is only one 
way to gain experience in this type of operation, 
and that is by practicing it. During an emergency 
is no time for practice; it should be done before-
hand, as often as possible, on a regular basis. 

This leads up to the necessity for emergency 
organization and preparedness. ARRL has long 
recognized this necessity and has provided for it. 
The Section Communications Manager (whose 
address appears on page 6 of any recent issue of 
QS7') is empowered to appoint certain qualified 
amateurs in his section for the purpose of co-
ordinating emergency communication organiza-
tion and preparedness in specified areas or com-
munities. This appointee is known as an Emer-
gency Coordinator for the city or town. One is 

specified for each community. For coordination 
and promotion at section level a Section Emer-
gency Coürdinator arranges for and recom-
mends the appointments of various Emergency 
Coordinators at activity points throughout the 
section. Emergency Coordinators organize ama-
teurs in their communities according to local 
needs for emergency communication facilities. 
The community amateurs taking part in the 

local organization are members of the Amateur 
Radio Emergency Corps (AREC). All amateurs 
are invited to register in the AREC, whether they 
are able to play an active part in their local or-
ganization or only a supporting réle. Applica-
tion blanks are available from your EC, SEC, 
SCM or direct from ARRL Headqun tiers. In 
the event that inquiry reveals no Emergency 
CoOrdinator appointed for your community, 
your SCM would welcome a recommendation 
either from yourself or from a radio club of 
which you are a member. By holding an amateur 
operator license, you have the responsibility both 
to your community and to amateur radio to up-
hold the traditions of the service. 
Among the League's publications is a booklet 

entitled Emergency Communications. This book-
let, while small in size, contains a wealth of in-
formation on AREC organization and functions 
and is invaluable to any amateur participating 
in emergency or civil defense work. It is free to 

Before Emergency 
PREPARE yourself by providing a transmitter-receiver set-up together with an 

emergency power source upon which you can depend. 
TEST both the dependability of your emergency equipment and your own operating 

ability in the annual ARRL Simulated Emergency Test and the several annual on-the-air 
contests, espiuially Field Day. 
REGISTER your facilities and your availability with your local ARRL Emergency 

Coordinator. If your community has no EC, contact your local civic and relief agencies 
and explain to them what the Amateur Service offers the community in time of disaster. 

In Emergency 

LISTEN before you transmit. Never violate this principle. 
REPORT at once to your Emergency Coordinator so that he will have up-to-the-

minute data on the facilities available to him. Work with local civic and relief agencies 
as the EC suggests, offer these agencies your services directly in the absence of an EC. 
RESTRICT all on-the-air work in accordance with FCC regulations, Sec. 12.156, 

whenever FCC "declares" a state of communications emergency. 
ORR is the official ARRL " land SOS," a distress call for emergency only. It is for 

use only by a station seeking assistance. 
RESPECT the fact that the success of the amateur effort in emergency depends 

largely on circuit discipline. The esi:iblished Net Control Station should be Ow supreme 
authority for priority and traffic. rimting. 
CO-OPERATE with those we serve. Be ready to help, but stay off the air unless thei.e 

is a specific job to be done that you can handle more efficiently than any other station. 
COPY all bulletins from W1AW. During time of emergency special bulletins will keep 

you posted on the latest developments. 

After Emergency 

REPORT to ARRL Headquarters as soon as possible and as fully as possible so that 
the Amateur Service can receive full credit. Amateur Radio has won glowing public 
tribute in many major disasters since 1919. Maintain this record. 
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AREC members and should be in every ama-
teur's shack. Drop a line to the ARRL Communi-
cations Department if you want a copy, or use 
the coupon at the end of this chapter. 

The Radio Amateur Civil 
Emergency Service 

In order to be prepared for any eventuality, 
FCC and the Federal Civil Defense Administra-
tion (FCDA), in collaboration with ARRL, have 
promulgated the Radio Amateur Civil Emer-
gency Service. RACES is a temporary peacetime 
service, intended primarily to serve civil defense 
and to continue operation during any extreme 
national emergency, such as war. It shares certain 
segments of frequencies with the regular Amateur 
Service on a nón-exclusive basis. Its regulations 
have been made a sub-part of the familiar ama-
teur regulations; that is, the present regulations 
have become sub-part A, the new RACES regula-
tions being added as sub-part B. Copies of both 
parts are included in the latest edition of the 
ARRL License Manual. 

If every amateur participated, we would still 
be far short of the total operating personnel 
required properly to implement RACES. As 
the service which bears th è responsibility for the 
successful implementation of this important new 
function, we face not only the task of installing 
(and in some cases building) the necessary 
equipment, but also of the training of thousands 

of additional people. This can and should be a 
function of the local unit of the Amateur Radio 
Emergency Corps under its EC and his assistants, 
working in close collaboration with the local civil 
defense organization. 
The first step in organizing RACES locally is 

the appointment of a Radio Officer by .the local 
civil defense director, possibly on the recom-
mendation of his communications officer. A com-
plete and detailed communications plan must be 
approved successively by local, state and FCDA 
regional directors, by the FCDA Washington 
office, and by FCC. Once this has been accom-
plished, applications for station authorizations 
under this plan can be submitted direct to FCC. 
QST will carry further information from time 
to time, and ARRI, will keep its field officials 
fully informed by bulletins as the situation re-
quires. A series of three articles in QST for 
March, April and May, 1953, makes a useful 
reference and sets the stage for RACES. 

In the event of war, civil defense will place 
great reliance on RACES for radio communiea-
tions. RACES is an Amateur Service. Its im-
plementation is logically a function of the Ama-
teur Radio Emergency Corps — an additional 
functien in peacetime, but probably an exclusive 
function in wartime. Therefore, your best oppor-
tunity to be of service will be to register with 
your local l( , and to participate actively in the 
local AREC' RACES program. 

ARRL Operating Organization 
Amateur operation must have point and con-

structive purpose to win public respect. Each 
individual amateur is t,lie ambassador of the 
entire fraternity in his public relations and 
attitude toward his hobby. ARRI, field organi-
zation adds point and purpose to amateur oper-
ating. 
The Communications Department of the 

League is concerned with the practical opera-
tion of stations in all branches of amateur ac-
tivity. Appointments or awards are available 
for rag-chewer, traffic enthusiast, 'phone op-
erator, DX man and experimentet. 
There are seventy-three ARRL Sections in the 

League's field organizatitm, whieh embraces the 
United States, Canada and certain other terri-
tory. Operating affairs in each Section are stqwr-
vised by a Section Communications Manager 
elected by members in that section for a two-
year term of office. Organization apptintments 
are made by the s:.ction managers, electod as 
provided in the Rules and Regulations of the 
Communications Department, which aveompany 
the League's By-Laws and Articles of Association. 
Section communications managers' addressos for 
all sections are given in full in each issue 
of QST. SCMs welcome monthly activity re-
ports from all amateur stations in their jurisdic-
tion. 
Whether your activity embraces 'phone or 

telegraphy, or both, there is a place for you in. 
League organization. 

e LEADERSHIP POSTS 
To advance each type of station work and 

group interest in amateur radio, and to develop 
practical communications plans with the great-
est success, appointments of leaders and or-
ganizers in particular single-interest fields are 
made by SCMs. Each leadership post is im-
portant. Each provides activities and assistance 
for appointee groups and individual members 
along the lines of natural intemst. Some posts 
further the general ability of amat:•urs to corn-
dunicate efficiently at all times, by pointing 
act i vit y toward net 11.1 Irks :0111 round tables, 
others are aimed speeifically al establishment of 
pri iv i . it ms for organizing t he amateur serviite as 
a stand-by communications group to serve the 
public in disaster, civil defense need or emer-
gency of any sort. The SCM appoints the follow-
ing in aceordance with section needs and in-
dividual qualifient ions: 

PAM 

SEC 

EC 

'Phone At v itiss àhtitager. Organizes act i sities for 
OPSs and voice operators in his section. Promotes 
'phone nets and recruits OPSs. 
Route Manager. Organizes and coürdinates e. iv 
traffic activities. Supervises and promotes nets and 
recruits ORSti. 
Section Emergency Coürdinator. Promotes and 
administers section emergency radio organization. 
Emergency Co5rdinator. Organizes amateurs of a 
community or other area for emergency radio serv-
ice; maintains liaison with officials and agencies 
served; also with other local communication 
facilities. 
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• STATION APPOINTMENTS 
ARRL's field organization has a place for 

every active amateur who has a station. The 
Communications Department organization exists 
to increase individual enjoyment and station 
effectiveness in amateur radio work, and we ex-
tend a cordial invitation to every amateur to 
participate fully in the activities and to apply to 
the SCM for one of the following station ap-
pointments. ARRL Membership and the General 
Class license or VE equivalent is prerequisite to 
appointments, except OES is available to Novice/ 
Technician grades. 
OPS 

ORS 

OBS 

OES. 

00 

Official 't hone Station. Sets high voice operating 
standardh. and procedures, furthers 'phone nets and 
traffic. 
Official Relay Station. 'Traffic service, operates c.w. 
nets: noted for 15 w.p.m. and procedure ability. 
Official Bulletin Station. Transmits ARRL and 
FCC bulletin information to amateurs. 
Official Experimental Station. Experimental op-
erating, collects and reports v.h.f.-u.h.f.-s.h.f. prop-
agation data, may engage in facsimile, TT, TV, 
etc., experiments working on 50 Mc. and/or above. 
Official Observer. Sends cooperative notices to 
amateurs to assist in frequency observance, insures 
high-quality signals, and prevents FCC trouble. 

Emblem Colors 

Members wear the emblem with black-enamel 
background. A red background for an emblem 
will indicate that the wearer is SCM. SECs, 
ECs, RMs, PAMs may wear the emblem with 
green background. Observers and all station ap-
pointees are entitled to wear blue emblems. 

• SECTION NETS 
Amateurs eau add much experience and pleas-

ure to their own amateur lives, and substance 
and accomplishment to the credit of all of ama-
teur radio, when organized into effective inter-
connection of cities and towns. 
The successful operation of a net depends a 

lot on the Net Control Station. This station 
should be chosen carefully and be one that will 
not hesitate to enforce each and every net rule 
and set the example in his own operation. 
A progressive net grows, obtaining new mem-

bers both directly and through other net mem-
bers. Bulletins may be issued at intervals to keep 
in direct contact with the members regarding 

general net activity, to keep tab on net procedure, 
make suggestions for improvement, keep track of 
active members and weed out inactive ones. 
A National Traffic System is sponsored by 

ARRL to facilitate the over-all expeditious relay 
and delivery of message traffic. The system recog-
nizes the need for handling traffic beyond the 
section-level networks that have the popular 
support of both 'phone and c.w. groups (OPS 
and ORS) throughout the League's field organiza-
tion. Area and regional provisions for NTS are 
furthered by Headquarters correspondence. The 
ARRL Net Directory, revised in December each 
.'ear, includes the frequencies and times of op-
eration of the hundreds of different nets operating 
on amateur band frequencies. 

Radio Club Affiliation 

ARRL is pleased to grant affiliation to any 
amateur society having ( 1) at least 51% of the 
voting club membership as full members of the 
League, and (2) at least 51% of society govern-
ment-licensed radio amateurs. In high school 
radio clubs bearing the school name, the first 
above requirement is modified to require one 
full member, ARRL, in the club. Where a society 
has common aims and wishes to add strength to 
that of other club groups and strengthen amateur 
radio by affiliation with the national amateur 
organization, a request addressed to the Com-
munications Manager will bring the necessary 
forms and information to initiate the application 
for affiliation. Such clubs receive field-organiza-
tion bulletins and special information at intervals 
for posting on club bulletin boards or for relay to 
their memberships. A travel plan providing com-
munications, technical and secretarial contact 
from the Headquarters is worked out seasonally 
to give maximum benefits to as many as possible 
of the several hundred active affiliated radio 
clubs. Papers on club work, suggestions for 
organizing, for constitutions, for radio courses of 
study, etc., are available on request. 

Club Training Aids 

One section of the ARRL Communications 
Department handles the Training Aids Pro-
gram. This program is a service to ARRL affili-
ated clubs. Material is aimed at education, train-
ing and entertainment of club members.Interesting 
quiz material is available. 

Training Aids include such items as motion-
picture filins, film strips, slides, and lecture out-
lines. Also, code-proficiency training equipment 
such as recorders, tape transmitters and tapes 
will be loaned when such items are available. 

All Training Aids materials are loaned free 
(except for shipping charges) to ARRL affiliated 
clubs. Numerous groups use this ARRL service 
to good advantage. If your club is affiliated but 
has not yet taken advantage of this service, you 
are missing a good chance to add the available 
features to your meeting programs and general 
club activities. Watch club bulletins and QST 
or write the ARRL Communications Depart-
ment for full details. 
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• WIAW 
The Maxim Memorial Station, W1AW, is 

dedicated to fraternity and service. Operated 
by the League headquarters, W1AW is located 
about four miles south of the Headquarters of-
fices Oil a seven-acre site. The station is on the air 
daily, except holidays, and available time is 
divided between different bands and modes. 

Telegraph 
and ' phone 
transmitters 
are provided 
for all bands 
from 1.8 to 
144 Mc. The 
nor mal fre-
quencies in 
each band 
for c.w. and 

voice transmissions are as follows: 1885, 3555, 
3950, 7125, 7255, 14,100, 14,280, 21,020, 21,350, 
28,060, 28,768, 52,000 and 145,600 kc. Operating-
visiting hours and the station schedule are listed 
every other month in QST. 

All amateurs are invited to visit W1AW, as 
well as to work the station from their own 
shacks. The station was established to be a liv-
ing memorial to Hiram Percy Maxim and to carry 
on the work and traditions of the amateur fra-
ternity. 

• OPERATING ACTIVITIES 
Within the ARRL field organization there are 

several special activities. The first Saturday 
and Sunday of each month is set aside for all 
ARRL officials, officers and directors to get to-
gether over the air from their own stations. This 
activity is known to the gang as the LO party. 
For all appointees, other quarterly tests are 
scheduled to develop operating ability and a 
spirit of fraternalism. 

In addition to these special activities for ap-
pointees and members, ARRL sponsors various 
other activities open to all amateurs. The DX-
minded amateur may participate in the Annual 
ARRL International DX Competition during 
February and March. This popular contest may 
bring you the thrill of working new countries. 
Then there is the ever-popular Sweepstakes in 
November. Of domestic scope, the SS affords the 
opportunity to work new states for that WAS 
award. A Novice activity is planned annually. 
The interests of v.h.f. enthusiasts are also pro-
vided for in special activities planned by 
ARRL. 
As in all our operating, the idea of having a 

good time is combined in the Annual Field Day 
with the more serious thought of preparing our-
selves to render public service in times of emer-
gency. A premium is placed on the use of equip-
ment without connection to commercial power 
sources. Clubs and individual groups always have 
a good time in the "FD," learn much about the 
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requirements for operating under knockabout 
conditions afield. 
ARRL contest activities are diversified to 

appeal to all operating interests, and will be 
found announced in detail in issues of QST 
preceding the different events. 

• AWARDS 
The League-sponsored operating activities 

heretofore mentioned have useful objectives 
and provide much enjoyment for members of 
the fraternity. Achievement in amateur radio 
is recognized by various certificates offered 
through the League and detailed below. 

WAS Award 

WAS means " Worked All States." This 
award is available regardless of affiliation or 
nonaffiliation with any organization. Here are 
the rules to follow in applying for WAS: 

1) Two-way communication must be established on the 
amateur bands with each of the states; any and all amateur 

agrbw Irrreties J.. 
...1..o.1 ..• 1......• %did* e-,,,idn d . bid ad*I. n....,••••••.• . m,g rim am••••• 

.........m«., .1 el• Logy-net d•••• ed............•1,.. I ' Amen« TM • mud' a ie .eawl ea 

8
 ...-...,d a de r,....,........• Ilya., io• *M.«. •...idd In .clied..Idgen 1.. AS. 

•Wanl-A8 4.d, s le •14.....”«.1 ,...., . 

bands may be used. A card from the District of Columbia 
may be submitted in lieu of one from Maryland. 

2) Contacts with all states must be made from the sanie 
location. Within a given community one location may be 
defined as from places no two of which are more than 25 
miles apart. 

3) Contacts may be made over any period of years, and 
may have been made any number of years ago, provided 
only that all contacts are from the same location. 

4) QSL cards, or other written communications from 
stations worked confirming the necessary two-way con-
tacts, must be submitted by the applicant to ARRL head-
quarters. 

5) Sufficient postage must be sent with the confirmations 
to finance their return. No correspondence will be returned 
unless sufficient postage is furnished. 

6) The WAS award is available to all amateurs. 
7) Address all applications and confirmations to the 

Communications Department, ARRL, 38 La Salle Road, 
West Hartford, Conn. 

DX Century Club Award 

Here are the rules under which the DX Cen-
tury Club Award will be issued to amateurs who 
have worked and confirmed contact with 100 
countries in the postwar period. If you worked 
fewer than 100 countries before the war and have 
since worked and confirmed a sufficient number 
to make the 100 mark, the DXCC is still avail-
able to you under the rules detailed on page 74 of 
June, 1946, QST. 
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1) The Century Club Award Certificate for confirmed 

contacts with 100 or more countries is available te all 
amateurs everywhere in the world. 

2) Confirmations must be submitted direct to ARM, 
headquarters for all countries claimed. Claims for a total of 
100 countries must be included with first application. Con-
firmation from foreign contest logs may be requested in the 
case of the ARRL International DX Competition only, 
subject to the following conditions: 

a) Sufficient confirmations cf other types must be sub-
mitted so that these, plus the DX Contest confirmations, 
will total 100. In every case, Contest confirmations must 
not be requested for any countries from which the applicant 
has regular confirmations. That is, contest confirmations 
will be granted only in the case of countries from which 
applicants have no regular confirmations. 

b) Look up the contest results as published in QST to 
see if your man is listed in the foreign scores. If he isn't, he 
did not send in a log and no confirmation is possible. 

c) Give year of contest, date and tinte of QS0. 
d) In future DX Contests do not rsitiest confirmations 

until after the final results have been published, usually in 
one of the early fall issues. Requests before this time must 
be ignored. 

3> The ARRL Countries List, printed periodically in 
QST, will be used in determining what constitutes a " coun-
try." The Miscellaneous Data chapter of this handbook 
contains the Postwar Countries List. 

4) Confirmations must be accompanied by a list of 
claimed countries and stations to aid in checking and for 
future reference. 

5) Confirmations from additional countries may be sub-
mitted for credit each time ten additional confirmations are 
available. Endorsements for affixing to certificates and 
showing the new confirmed total ( 110, 120, 130, etc.) will be 
awarded as additional credits are granted. ARRL DX 
Competition logs from foreign stations may be utilized for 
these' endorsements, subject to conditions stated under (2). 

Cu) All contacts must be made with amateur stations 
working in the authorized amateur bands or with other sta-
tions licensed to work amateurs. 

7) In cases of countries where amateurs are licensed in 
the normal manner, credit may be claimed only for stations 
using regular government-assigned call letters. No credit 
may be claimed for contacts with stations in any countries 
in which amateurs have been temporarily closed down by 
special government edict where amateur licenses were for-
merly issued in the normal manner. 

8) All stations contacted must be " land stations" . . . 
contacts with ships, anchored or otherwise, and aircraft, 
cannot be counted. 

9) All stations must be contacted from the seine call 
area, where such areas exist, or from the same country in 
cases where there are no call areas. One exception is allowed 
to this rule: where a station is moved from one call area to 
another, or from one country te another, all contacts must 
be made from within a radius of 150 miles of the initial 
location. 

10) Contacts may be made over any period of years from 
November 15, 1945, provided only that all contacts be made 
under the provisions of Rule 9, and by the same station 
licensee; contacts may have been made under different call 
letters in the seine area (or country), if the licensee for all 
was the same. 

11) All confirmations must be submitted exactly as re-
ceived from the stations worked. Any altered or forged con-
firmations submitted for CC credit will result in disqualifica-
tion of the applicant. The eligibility of any DXCC applicant 
who was ever barred from DXCC to reapply, and the condi-
(ions for such application, shall be determined by the 
Awards Committee. Any holder of the Century Club Award 
submitting forged or altered confirmations must forfeit his 
right to be considered for further endorsements. 

12) OPERATING ETHICS: Fair play and good sports-
manship in operating are required of all amateurs working 
toward the DX Century Club Award. In the event of specific 
objections relative to continued poor operating ethics an 
individual may be disqualified from the DXCC by action 
of the ARRL Awards Committee. 

13) Sufficient postage for the return of confirmations 
must be forwarded with the application. In order to insure 
the safe return of large batches of confirmations, it is sug-
gested that enough postage be sent to make possible their 
return by first-class mail, registered. 

14) Decisions of the ARRL Awards Committee regard-
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hug interpretation of the rules as here printed or later 
amended shall be final. 

15) Address all applications and confirmations to the 
Conimunications Department, ARRL, 38 La Salle Road. 
West Hartford 7, Conn. 

WAC Award 

The International Amateur Radio Union 
issues WAC (Worked All Continents) certificates 
to all members of member-societies who submit 
proof of two-way communication with at lea.st 
one station on each continent. Foreign amateurs 
submit their proof direct to member-societies 
of the IARU. Others may make application to 
ARRL, headquarters society of the Union. A 
c.w, and a telephony certificate are available. 
Also, special endorsements will be placed on cer-
tificates upon receipt of request accompanied 
by proof of having worked all continents on the 
3:5- or 50-Mc. bands. 

Code Proficiency Award 

Many hams can follow the general idea of a 
contact " by ear" but when pressed to " write 
it down" they " muff" the copy. The Code 
Proficiency Award invites every amateur to 
prove himself as a proficient operator, and sets 
up a system of awards for step-by-step gains 
in copying proficiency. It enables every amateur 
to check his code proficiency, to better that pro-
ficiency, and to receive a certification of his re-
ceiving speed. 

This program is a whale of a lot of fun. The 
League, will give a certificate to any licensed 
radio amateur who demonstrates that he can 
copy perfectly, for at least one minute, plain-
language Continental code at 10, 15, 20, 25, 30 or 
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35 words per minute, as transmitted during 
special monthly transmissions from W1AW and 
W6OWP. 

As part of the ARRL Code Proficiency pro-
gram W1AW transmits plain-language practice 
material each evening at speeds from 5 to 35 
w.p.m. All amateurs are invited to use these 
transmissions to increase their code-copying 
ability. Non-amateurs are invited to utilize the 
lower speeds, 5, 7% and 10 w.p.m., which are 
transmitted for the benefit of persons studying 
the code in preparation for the amateur license 
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examination. Refer to any issue of QST for 
details of the practice schedule. 

Rag Chewers Club 

The Rag Chewers Club is designed to en-
courage friendly contacts and discourage the 
"hello-good-by" type of QSO. Its purpose is to 
bond together operators interested in honest-to-
goodness rag-chewing over the air. Member-
ship certificates are available. 

How To Get in: ( 1) Chew the rag with a member of the 
club for at least a solid half hour. This does not mean a half 
hour spent in trying to get a message over through bad 
QRM or QRN, but a solid half hour of conversation or mes-
sage handling. (2) Report the conversation by card to The 
Rag Chewers Club, ARRL, Communications Department, 
West Hartford, Conn., and ask the member station you talk 
with to do the same. When both reports are received you 
will be sent a membership certifiqate entitling you to all the 
privileges of a Rag Chewer. I 
How To Stay in: ( 1) Be a conversationalist on the air in-

stead of one of those tongue-tied infants who don't know any 
words except " cuagn" or " cul," or " QR15" or " nil." Talk 
to the fellows you work with and get to know them. (2) 
Operate your station in accordance with the radio laws and 
ARRL practice. (3) Observe rules of courtesy on the air 
(4) Sign " RCC" after each call so that others may know 
you can talk as well as call. 

A-1 Operator Club 

The A-1 Operator Club should include in its 
ranks every good operator. To become a mem-
ber, one must be nominated by at least two 
operators who already belong. General keying 
or voice technique, procedure, copying ability, 
judgment and courtesy all count in rating candi-
dates under the club rules detailed at length in 
Operating an Amateur Radio Station. .1im to 
make yourself a fine operator, and one of these 
days you may be pleasantly surprised by an invi-
tation to belong to the A-1 Operator Club, which 
earries a worth-while certificate in its own right. 

Brass Pounders League 

Every individual reporting more than a speci-
fied minimum in official monthly traffic totals is 
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given an honor place in the QST listing known 
as the Brass Pounders League and a certificate 
to recognize his performance is furnished by the 
8CM. 
The value to amateurs in operator training, 

and the utility of amateur message handling 
to the members of the fraternity itself as well as 
to the general public, make message-handling 
work of prime importance to the fraternity. 
Fun, enjoyment, and the feeling of having done 
something really worth while for one's fellows is 
accentuated by pride in message files, records, 
and letters from those served. 

Old Timers Club 

The Old Timers Club is open to anyone who 
holds an amateur call at the present time, and 
who held an amateur license (operator or sta-
tion) 20-or-more years ago. Lapses in activity 
during the intervening years are permitted. 

If you can qualify as an " Old Timer," send 
us a brief chronology of your ham career, being 
sure to indicate the date of your first amateur 
license, and your present call. If the evidence 
submitted proves you eligible for the OTC, 
you will be added to the roster and will receive 
a membership certificate. 

• INVITATION 
Amateur radio is capable of giving enjoy-

ment, self-training, social and organization bene-
fits in proportion to what the individual amateur 
puts into his hobby. All amateurs are invited to 
become ARRL members, to work toward awards, 
and to accept the challenge and invitation of-
fered in field-organization appointments. Drop 
a line to ARRL Headquarters for the booklet 
Operating an Amateur Radio Station, which has 
detailed information on the field-organization ap-
pointments and awards. Accept today the invita-
tion to take full part in all League activities and 
organization work. 

SEE NEXT PAGE 
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ttperating an 
‘111a11911' itadin Station 

Operating an Amateur Radio Station 
coversthe details of practical amateur operating. 
In it you will find information on Operating Prac-
tices, Emergency Communication, ARRL Op-
erating Activities and Awards, the ARRL Field 
Organization, Handling Messages, Network 

Organization, "Q" Signals and Abbreviations 
used in amateur operating, important extracts 

from the FCC Regulations, and other helpful 
material. It's a handy reference that will serve 
to answer many of the questions concerning 
operating that arise during your activities on 
the air. 

Emergency Communications is the "bi-
ble" of the Amateur Radio Emergency Corps. 
Within its eight pages are contained the funda-
mentals of emergency communication which 
every amateur interested in public service work 
should know, including a complete diagramma-
tical plan adaptable for use in any community, 
explanation of the role of the American Red 
Cross and FCC's regulations concerning ama-
teur operation in emergencies. The Radio 
Amateur Civil Emergency Service (RACES) 
comes in for special consideration, including a 
complete table of RACES frequencies on the 
front cover. If you don't already have an up-
to-date copy of this manual, we suggest you 
take steps to obtain one immediately. 

The two publications described above 
may be obtained without charge by 
any Handbook reader. Either or 
both will be sent upon request. 

AMERICAN RADIO RELAY LEAGUE 
38 La Salle Road 

West Hartford 7, Connecticut, U. S. A. 

Please send me, without charge, the following: 

OPERATING AN AMATEUR RADIO STATION 
EMERGENCY COMMUNICATIONS 

Name 
(Please Print) 

Address  



MISCELLANEOUS DATA 

• THE DECIBEL 
In most radio communication the received 

signal is converted into sound. This being the 
case, it is useful to appraise signal strengths in 
terms of relative loudness as registered by the 
ear. A peculiarity of the ear is that an increase 
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Ratio 

or decrease in loudness is responsive to the 
of the amounts of power involved, and is 

-tically independent of absolute value of the 
•. For example, if a person estimates that 

al is " twice as loud" when the trans-
power is increased from 10 watts to 

4 .‘ts, he will also estimate that a 400-watt 
is twice as loud as a 100-watt signal. In 

,ner words, the human ear has a logarithmic re-

This fact is the basis for the use of the 
relative-power unit called the decibel. A change 
of one decibel (abbreviated db.) in the power 
level is just detectable as a change in loudness 
under ideal conditions. The power ratio and 
decilels are related by the following formula: 

Db. = 10 log 

Common logarithms (base 10) are used. 
Note that the decibel is based on power 

ratios. Voltage or current ratios can be used, 
but only when the impedance is the same for both 
values of voltage, or current. The gain of an 
amplifier cannot be expressed correctly in db. 
if it is based on the ratio of the out put voltage 
to the input voltage unless both voltages are 
measured across the same value of impedance. 
When the impedance at both points of measure-
ment is the same, the following formula may 
be used for voltage or current ratios: 

Db. = 20 log. 
I 

or 20 log  

The two formulas are shown graphically in 
the accompanying chart for ratios from 1 to 10. 
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Gains (increases) expressed in decibels may be 
added arithmetically; losses (decreases) may 
be subtracted. A power decrease is indicated 
by prefixing the decibel figure with a minus 
sign. Thus +6 db. means that the power has 
been multiplied by 4, while —6 db. means 
that the power has been divided by 4. The 
chart may be used for other ratios by adding 
(or subtracting, if a loss) 10 db. each time the 
ratio scale is multiplied by 10, for power ratios; 
or by adding (or subtracting) 20 db. each time 
the scale is multiplied by 10 for voltage or 
current ratiffl. 

• VOLTAGE DECAY 
IN RC CIRCUITS 

The accompanying chart enables calculation 
of the instantaneous voltage across the termi-

100 
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nals of a condenser discharging .through 
resistance. The voltage is given in terms of 
percentage of the voltage to which the con-
denser- is initially charged. To obtain the 
voltage-decay time in seconds, multiply the 
factor (t/CR) by the time constant of the re-
sistor-condenser circuit. 

Example: A 0.01-pfd. condenser is 
charged to 150 volts and then allowed to 
discharge through a 0.1-megohm resistor. 
How long will it take the voltage to fall to 
10 volts? In percentage, 10/150 = 6.7%. 
From the chart, the factor corresponding to 
6.7% is 2.7. The time constant of the cir-
cuit is equal to CR = 0.01 X 0.1 -- 0.001. 
The time is therefore 2.7 X 0.001 = 0.0027 
second; or 2.7 milliseconds. 

Example: An RC circuit is desired in 
which the voltage will fall to 50% of the 
initial value in 0.1 second. From the chart, 
ti'CR = 0.7 at the 50%-voltage point. 
Therefore CR = 110.7 = 0.1/0.7 = 1.43. 
Any combination of resistance and capaci-
tance whose product (R in megohms and C 
in microfarads) is equal to 1.43 can be used; 
for example, C could be 1 dd. and R 1.43 
megohms, 



538 

STANDARD METAL GAUGES 
.1 ',wilco n C. S. Birmingham 

or it. ct S. Standard 2 or Stubs 3 
1 .2893 .28125 .300 

2 .2578 .265625 .284 
3 .2294 .25 .259 

4 .2043 .234375 .238 

5 .1819 .21875 .220 

6 .1620 .203125 .203 

7 .1443 .1875 .180 

8 .1285 .171875 .163 

9 .1144 .15625 .148 

10 .1019 .140625 .134 

II .09074 .125 .120 

12 .08081 .109375 .109 

13 .07196 .09375 .095 

14 .06408 .078123 .083 
IS .05707 .0703125 .072 

16 .05082 .0625 .065 

17 .04526 .05625 .058 
18 .04030 .05 .049 

19 .03589 .04375 .042 

20 .03196 .0375 .035 

21 .02846 .034375 .032 

22 .02535 .03125 .028 

23 .02257 .028125 .025 

24 .02010 .025 .022 

25 .01790 .021875 .020 

26 .01594 .01875 .018 

27 .01420 .0171875 .016 

28 .01264 .015625 .014 

29 .01126 .0140625 .013 

30 .01003 .0125 .012 

31 .008928 .0109375 .010 

32 .007950 .01015625 .009 

33 .007080 .009375 .008 

34 .006350 .00859375 .007 

35 .005615 .0078125 .005 
:if; .005000 .00703125 .004 

37 .001453 .006640626 .... 

38 .003965 .00625 

:99 .003531 

40 .003145 

I Used for aluminum, copper, brass and nonfer-
rous alloy sheets, wire and rods. 

Used for iron, steel, nickel and ferrous alloy 
sheets, wire and rods. 
3 Used for seamless tubes: also by some manufac-

turers for copper and brass. 
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MUSICAL SCALE 

Approximate frequencies of notes of the musical 
scale, based on A-440. 

(Bottom Octave) 

Note Frequency Note 
A-1 28 Middle C - C3 
A#-1 29 
B-I 31 
Co 33 e 
C#o 35 IC) 
Do 37 
o 39 is Dit .g --te 

. Eo 41 g 
•-•- z.) Fo 44 r2 

Fo 46 e 
ï 75 Go 49 

G#0 52 
Ao 55 

P-. Aie 58 
Bo 62 e 
Cl 65 3 
Cie 1 69 
DI 73 e 75 

_rf-'., D81 78 g :...:..e-
.±:-) El 82 -c ••% 

g 
Fl 87 

'i.-,* 72' F81 93 
GI -c 98 

g G#I 104 
à" Al 110 

A5I 117 
BI 123 e 
C2 131 .8 
C#2 139 2 I-) 
D2 147 
De 156 1.: 7.J. 

._.:..., 32 165 ...r. 5, 
.5 

F2 175 
g Fe2 185 

G2 196 
.7.: G#2 208 

A2 220 
A52 233 
B2 247 e 

e I.> 
.2.1 

(287 
D3 

Der: 
33 
F3 
F#3 
63 
G#3 
A3 
A#3 
B3 
C4 
('e4 
1)4 
D84 
34 
F4 
F84 
G4 
684 
A4 
384 
194 
C5 
C#5 
D5 
D55 
35 
F5 
F55 
(15 
(2,55 
AS 
A55 
B5 
C6 
C56 
D6 
1)56 
36 
F6 
F56 
G6 
6416 
A6 
A56 
B6 
C7 

Frequency 
262 
277 
294 
311 
330 
349 
370 
392 
415 
440 
466 
494 
523 
554 
587 
622 
659 
698 
740 
784 
831 
880 
932 
988 
1047 
1109 
1175 
1245 
1319 
1397 
1480 
1568 
1661 
1760 
1865 
1976 
2093 
2217 
2349 
2489 
2637 
2794 
2960 
3136 
3322 
3520 
3729 
3951 
4186 

GREEK ALPHABET 

Greek Letter Greek Name 
English 

Equivalent Greek Letter Greek Name 

A a 
BO 
I' 7 
à 8 
E e 

II n 
00 
It 
K 
AX 
M g 

Alpha 
Beta 
Gamma 
Delta 
Epsilon 
Zeta 
Eta 
Theta 
Iota 
Kappa 
Lambda 
Mu 

a 

d 
e 

é 
th 

1 

N v Nu 
Xi 

O o Omicron 
r Pi 

Pp Rho 
err Sigma 

T r Tau 
T u Upsilon 

Phi 
X x Chi 
4, 1p Psi 
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COPPER-WIRE TABLE 

TurnsperLinem-Inch 2 TurnsperSquareInch , Feelperlà. 

Ohms 

Current 
Carrying Nearest 

Enamel S.S.C. 
LUC. 

or D.C.C. S.C.C.  E name 
D.C.C. Bare D.C.C. 

Gauge 
No. 

B. & N. 

Thom. 
in 

Mils' 

Circular 
Ata 
Area 

per 
1000 .(1 . 
25° C. 

Capacily3 
al 

700 M C. . 

Di... 

in min. 

Bri" 

S.11, .G. 
No. 

S.C.C. 
S.C.C. per 

Amp. 

1 289.3 83690 -- -- -- -- __ __ __ 3.947 -- .1264 119.6 7.348 1 

2 257.6 66370 -- -- -- -- -- -- 4.977 -- .1593 94.8 6.544 3 

3 229.4 52640 -- -- -- -- -- -- 6.276 -- .2009 75.2 5.827 4 

4 204.3 41740 -- -- -- -- -- -- -- 7.914 -- .2533 59.6 • 5.189 5 
5 181.9 33100 -- -- -- -- -- _- __ 9.980 __ .3195 47.3 4.621 7 

8 162.0 26250 -- -- -- -- -- -- -- 12.58 -- .4028 37.5 4.115 8 
7 144.3 20820 -- -- -- -- -- -- -- 15.87 -- .5080 29.7 3.665 9 

8 128.5 16510 7.6 -- 7.4 7.1 -- -- -- 20.01 19.6 .6405 23.6 3.264 10 

9 114.4 13090 8.6 -- 8.2 7.8 -- -- -- 25.23 24.6 .8077 18.7 2.906 11 

10 101.9 10380 9.6 -- 9.3 8.9 87.5 84.8 80.0 31.82 30.9 1.018 14.8 2.588 12 

11 90.74 8234 10.7 -- 10.3 9.8 110 105 97.5 40.12 38.8 1.284 11.8 2.305 13 

le 80.81 6530 12.0 -- 11.5 10.9 136 131 121 50.59 48.9 1.619 9.33 2.053 14 

13 71.96 5178 13.5 -- 12.8 12.0 170 162 150 63.80 61.5 2.042 7.40 1.828 15 

14 64.08 4107 15.0 -- 14.2 13.8 211 198 183 80.14 77.3 2.575 5.97 1.628 16 

15 57.07 3257 16.8 -- 15.8 14.7 262 250 223 101.4 97.3 3.247 4.65 1.450 17 

16 50.82 2583 18.9 18.9 17.9 16.4 321 306 271 127.9 119 4.094 3.69 1.291 18 

17 45.26 2048 21.2 21.2 19.9 18.1 397 372 329 161.3 150 5.163 2.93 1.150 18 

18 40.30 1624 23.6 23.6 22.0 19.8 493 454 399 203.4 188 6.510 2.32 1.024 19 

19 35.89 1288 26.4 26.4 24.4 21.8 592 553 479 256.5 237 8.210 1.84 .9116 20 

20 31.96 1022 29.4 29.4 27.0 23.8 775 725 625 323.4 298 10.35 1.46 .8118 21 

21 28.46 810.1 33.1 32.7 29.8 26.0 940 895 754 407.8 370 13.05 1.16 .7230 22 

22 25.35 642.4 37.0 36.5 34.1 30.0 1150 1070 910 514.2 461 16.46 .918 .6438 23 

23 22.57 509.5 41.3 40.6 37.6 31.6 1400 1300 1080 648.4 584 20.76 .728 .5733 24 

24 20.10 404.0 46.3 45.3 41.5 35.6 1700 1570 1260 817.7 745 26.17 .577 .5106 25 

25 17.90 320.4 51.7 50.4 45.6 38.6 2060 1910 1510 1031 903 33.00 .458 .4547 28 

26 15.94 254.1 58.0 55.6 50.2 41.8 2500 2300 1750 1300 1118 41.62 .363 .4049 27 

27 14.20 201.5 64.9 61.5 55.0 45.0 3030 2780 2020 1639 1422 52.48 .288 .3606 29 

28 12.64 159.8 72.7 68.6 60.2 48.3 3670 3350 2310 2067 1759 66.17 .228 .3211 30 

29 11.26 126.7 81.6 74.8 65.4 51.8 4300 3900 2700 2607 2207 83.44 .181 .2859 31 

30 10.03 100.5 90.5 83.3 71.5 55.5 5040 4660 3020 3287 2534 105.2 .144 .2516 33 

31 8.928 79.70 101 92.0 77.5 59.2 5920 5280 -- 4145 2768 132.7 .114 .2268 34 

32 7.950 63.21 113 101 83.6 62.6 7060 6250 -- 5227 3137 167.3 .090 .2019 36 

33 7.080 50.13 127 110 90.3 66.3 8120 7360 -- 6591 4697 211.0 .072 .1798 37 

34 6.305 39.75 143 120 97.0 70.0 9600 8310 -- 8310 6168 266.0 .057 .1601 38 

35 5.615 31.52 158 132 104 73.5 10900 8700 -- 10480 6737 335.0 .045 .1426 38-31 

36 5.000 25.00 175 143 111 77.0 12200 10700 -- 13210 7877 423.0 .036 .1270 39-41 

37 4.453 19.83 198 154 118 80.3 -- -- -- 16660 9309 533.4 .028 .1131 41 

38 3.965 15.72 224 166 126 83.6 -- -- -- 21010 10666 672.6 .022 .1007 42 

39 3.531 12.47 248 181 133 86.6 -- -- -- 26500 11907 848.1 .018 .0897 43 

40 3.145 9.88 282 194 140 89.7 -- -- -- 33410 14222 1069 .014 .0799 44 

1 A mil s 1/1000 (one-thousandth) of an inch. 
2 The figures given are approximate only, since the thickness of the insulation varies with different manufacturers. 
3 700 circular mils per ampere is a satisfactory design figure for small transformers, but values from 500 to 1000 C.M. are commonly used. l'or 1000 C.M./amp. divide the circular mil 

area (third column) by 1000; for 500 C.M./amp. divide circular mil area by 500. 

V
i
v
a
 
S
f
l
O
S
N
U
T
I
3
D
S
H
A
I
 



540 CHAPTER 26 

• FILTERS 
The filter sections shown on the facing page 

can be used alone or, if greater attenuation and 
sharper cut-off are required, several sections 
can be connected in series. In the low- and 
high-pass filters, fc represents the eut-off fre-
quency, the highest (for the low-pass) or the 
lowest (for the high-pass) frequency trans-
mitted without attenuation. In the bandpass-
filter designs, fi is the low-frequency cut-off 
and 12 the high-frequency cut-off. The units 
for L, C, R and /are henrys, farads, ohms and 
cycles, respectively. 

All of the types shown are for use in an un-
balanced line (one side grounded), and thus 
they are suitable for use in coaxial line or any 
other unbalanced circuit. To transform them 
for use in balanced lines (e.g., 300-ohm trans-
mission line, or push-pull audio circuits), the 
series reactances should be equally divided 
between the two legs. Thus the balanced con-
stant-k r-section low-pass filter would use two 
inductances of a value equal to Lk/2, while the 
balanced constant-k r-section high-pass filter 
would use two condensers of a value equal to 
2Ck. 

If several low- (or high-) pass sections are to 
be used, it is advisable to use m-derived end 
sections on either side of a constant-k section, 
although an in-derived center section can be 
used. The factor nt relates the ratio of the cut-
off frequency and f., a frequency of high at-
tenuation. Where only one in-derived section 
is used, a value of 0.6 is generally used for it 
although a deviation of 10 or 15 per cent from 
this value is not too serious in amateur work. 
For a value of in = 0.6, f will be 1.25f„ for the 
low-pass filter and 0.8fe for the high-pass filter. 
Other values can be found from 

m = — ()2 for the low-pass filter and 

(if4)2 for the high-pass filter o 
rtt = 

The filters shown should be terminated in a 
resistance = I?, and there should be little or no 
reactive component in the termination. 

Simple audio filters can be made with pow-
dered-iron-core chokes and paper condensers. 
Sharper cut-off characteristics will be obtained 
with more sections. The values of the com-
ponents can vary by ±5% with little or no 
reduction in performance. The more sections 
there are to a filter the greater is the need for 
accuracy in the values of the components. 
High-performance audio filters can be built 
with only two sections by winding the induc-
tances on toroidial powdered-iron forms — it 
generally takes three sections to obtain the 
same results when using other inductances. 

Sideband filters are usually designed to 
operate in the range 10 to 20 kc. Their attenua-
tion requirements are such that usually at 

least a five-section filter is required. The coils 
should be as high-Q as possible, and mica con-
densers are the most suitable capacitors. 

Low-pass and high-pass filters for harmonic 
suppression and receiver-overload prevention 
in the television frequencies range are usually 
made with self-supporting coils and mica or 
ceramic condensers, depending upon the power 
requirements. 

In any filter, there should be no magnetic or 
capacity coupling between sections of the filter 
unless the design specifically calls for it. This 
requirement makes it necessary to shield the 
coils from each other in some applications, or 
to mount them at right angles to each other. 

Further information on filter design can be 
found in the following articles: 
Bennett, " Audio Filters for Eliminating 
QRM," QST, July, 1949. 

Berry, " Filter Design for the Single-Sideband 
Transmitter," QST, June, 1949. 

Buchheim, " Low-Pass Audio Filters," QST, 
July, 1948. 

Grammer, " Pointers on Harmonic Reduc-
tion," QST, April, 1949; " High-Pass Filters 
for TVI Reduction," QST, May, 1949. 

Mann, " An Inexpensive Sideband Filter," 
QS7', March, 1949. 

Rand, " The Little Slugger," QST, February, 
1949. 

Sinit h, " Premodulation Speech Clipping and 
Filtering," QST, February, 1946; " More on 
Speech Clipping," QS7', \ larch, 1947. 

• TUNED-CIRCUIT RESPONSE 

The graph below gives the response and 
phase angle of a high-Q mrallel-tuned circuit. 
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where L and C are the inductance and capac-
itance at the resonant frequency, f, and R is 
the parallel resistance across the circuit. The 
curves above become more accurate as the cir-
cuit Q is higher, but the error is not especially 
great for values as low as Q = 10. 
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ci°71-1°Q°L„ 

Constont-k 7F section 

TCK  • 
0 

COnStan t - k Tsection 

LK= Ck= 
"" fC Tr tc.R 

Constant- k 7T section 

Constant- k T section 

R  -K= 47f-c  r`K=R 

LOW-PASS FILTERS 
LI 

,e 
2 T 2  . 0 

m- derived e section 

in - derived Tsection 

I - m2  
Li. mL k C1- 4m CK 

1- ma 
L2= C2 =m CK 

 HIGH-PASS FILTERS 

L, 

m-derived n section 

2C 1 L2 2C, 

c 
z  

m-deriïed T,section 

L - 4M L C I " 1-m 2 K I m 

Constant- k ir section 

2C,, 
0,0000,1 

2 2 
C2K L2K R 

Constant- k Tsection 

fz-f, 
L1K- nee t",). s"."(= 4/F7,F2R 

L --(f2 -fo.)R c - 
2K" 4n fi f.2. 2K rr (f z_f)R 

L2 = L,, c2=4M 1rw cK 

 BANDPASS FILTERS 
L; 

o 

o  

TT 
C2 -1-rk -° TI 

en - derived end sections for use 
with intermediate n section 

in - derived end sections for use 
with intermediate 7-section 

Li= TTILK C,= -m2 CK 
4m 

1-m2 
L2 = - L C = m CK 

4M 

in-derived end sections for use 
with intermediate 17 section 
2C, 2Ci 
1— L2 Ai i o 

C2 

24 

C2 
0_7_ _-/- =0 

in -derived end section for use 
with intermediate Tsection 

4M , CK 
= m 2 

LK 4 FY1 
L2_-- L2 = L 

 o 

Three- dement ir section 
L. 

-r 

2C, 2C, 

 o 
Three- element Tsection 

L‘=L,, L= n(fc,,f2) 

C _(f2 -C)R  

C2= C2>›, 
= 17(f,11:F2)R 

Three - e/ement n section 

2C, 2C, 

LI L 
7  

Three-element Tsection 

f R 
I, = C = Cu( 

c:=A.4-R L2=1,„ 

' ef.+fz'R L c   2— 4 rtf, f2 2 /1f2(f2-fi)R 

In the aboye fo las R is in ohms, 4: in farads, L in henrys, and f in cycles per second. 
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By use of the chart above, the approximate reactance of any capacitance from 1.0 µdd. to 10 abl. at any fre-
quency front 100 cycles to 100 megacycles, or the reactance of any inductance from 0.1 ah. to 1.0 henry, can be 
read directly. Intermediate values can he estimated by interpolation. In making interpolations, remember that the 
rate of change between lines is logarithmic. Use the frequency or reactance scales as a guide in estimating inter-
mediate values on the capacitance or inductance scales. 

Th;a chart also can be used to find the approximate resonance frequencies of LC combinations, or the frequency to 
which a given coil-and-condenser combination will tune. First locate the respective slanting lines for the capacitance 
and inductance. The point where they intersect, i.e., where the reactances are equal, is the resonant frequency 
(projected downward and read on the frequeney ,ealel. 
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MEGACYCLES 

ELECTRICAL CONDUCTIVITY OF METALS 

Relative Temp. Coef.2 
Conductivity' of Resistance 

Aluminum (2S; pure)  59 0.0049 
Aluminum (alloys): 

Soft-annealed  45-50 
Heat-treated  30-45 

Brasa  28 0.002-0.007 
Cadmium   19 
Chromium  55 
Climax  1.83 
Cobalt  16.3 
Constantin  3.24 0.00002 
Copper (hard drawn)  89.5 0.004 
Copper (annealed)  100 
Everdur  6 
German Silver ( 18%)  5.3 0.00019 
Gold  65 
Iron (pure)  17.7 0.006 
Iron (cast)  2-12 
Iron (wrought)  11.4 

At 20° C., based on copper as 100. 2Per °C. at 20° C. 

Relative Temp. Coef.2 
Conductivity of Resistance 

Lead  7 0.0041 
Manganin  3.7 0.00002 
Mercury  1.66 0.0a389 
Molybdenum  33.2 0.0033 
Monel  4 0.0019 
Nichrome  1.45 0.00017 
Nickel  12-18 0.005 
Phosphor Bronze  36 0.004 
Platinum  15 
Silver  106 0.004 
Steel  3-15 
Tin  13 0.0042 
Tungsten  28.9 0.0045 
Zinc  28.2 0.0035 

Approximate relations 

An increase of 1 in A. W. G. or B. & S. wire size increases 
resistance 25%. 

An increase of 2 increases resistance 60%. 
An increase of 3 increases resistance 100%. 
An increase of 10 increases resistance 10 times. 
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PILOT-LAMP DATA 

Lamp 
No. 

Bead 

Color 

40 
40A, 
41 
42 
43 
44 
45 
46, 
47. 
48 
49, 

Brown 
Brown 
White 
Green 
White 
Blue 

Blue 
Brown 
Pink 
Pink 
White 

Base 
(Miniature) 

Bulb 

Type 

RATING 

Volts A mp. 

Lamp 

No. 

Bead 

Color 

Base 

(Miniature) 

Screw 

Bayonet 
Screw 
Screw 
Bayonet 
Bayonet 
Bayonet 
Screw 
Bayonet 
Screw 
Bayonet 
Screw 

T-3% 
T-3X 
T-.3% 
T-3% 
T-.3% 
T-3% 
T-3% 
T-.3% 
T-3 X 
T-3X 
T-3X 
T-3,24 

6-8 
6-8 
2.5 
3.2 
2.5 
6-8 
3.2 

6-8 
6-9 
2.0 
2.0 
2.1 

0.15 
0.15 
0.5 
** 

0.5 
0.25 
** 

(1.25 
0.15 
0.06 
0.06 
6.12 

* White in G.E. and Sylvania; green in Na ional 
Union. Raytheon and Tung-Sol. 

** 0.35 in G.E. and Sylvania; 0.5 in National Union, 

Raytheon and Tung-Sol. 

49A3 
50 
512 

55 
292,, 
292A3 
1455 
1455A 

White 
White 
White 
White 

White 
White 
White 
Brown 
Brown 

Bayonet 
Screw 
Bayonet 

Screw 
Bayonet 
Screw 
Bayonet 
Screw 
Bayonet 

Bulb 

Type 

T-3% 
G-.3% 
G-3X 
G-4% 
G-4% 
T-3% 
T-3X 
G-5 
G-5 

RATING 

Volts Amp. 

2.1 

6-8 
6-8 
8-8 
6-8 
2.9 
2.9 
18.0 
18.0 

0.12 

0.2 
0.2 
0.4 
0.4 
0.17 
0.17 
0.25 
0.25 

40A and 47 are interchangeable. 
2 Have frosted bulb. 
349 and 411A are interchangeable. 
4 Replace with No. 48. 

° Use in 2.5-volt sets where regular bulb burns out 
too frequently. 

• MINIDUCTOR DATA 
The chart and table below, furnished through 

courtesy of Barker & Williamson, can be used to 
determine the approximate inductance of coils 
made of Miniductor material. The curves show 
the percentage of the total inductance (given in 
the right-hand column of the table) of the coil as 
supplied, when cut to various lengths. 

100 

50 

e 

.4 

2 

LENGTH IN INCHES 

MINIDUCTOR 

Catalog 
Number 

Diam. 
(Inches) 

SPECIFICATIONS 

Turns Per 
Inch 

Approx. 
Length 
(Inches) 

Approx. 
Inductance 

(ph.) 

3001 14 4 2 0.4 
3002 % 8 2 0.96 
3003 54 16 2 3.2 
3004 3'5 32 2 13.7 

3005 X 4 2 0.56 
3006 '?,‘ 8 2 1.4 
3007 >¡ 16 2 4.9 
3008 9,¡ 32 2 19.2 

3009 % 4 3 0.94 
3010 .% 8 3 2.9 
3011 % 16 3 10.9 
3012 u 32 3 42.5 

3013 1 4 3 1.9 
3014 1 8 3 4.8 
3015 -1 16 3 19.9 
3016 1 32 3 73.Ü 

3 

• INDUCTANCE OF SMALL COILS 
Most inductance formulas lose accuracy when 

applied to the small coils used in v.h.f. work and 
in low-pass filters built for reducing harmonic 
interference to television, because the conductor 
thickness is no longer negligible in comparison 
with the size of the coil. The accompanying chart 
shows the measured inductance of typical coils 
used for these purposes, and may be used as a 
basis for circuit design. Two curves are given: 
curve A is for coils wound to an inside diameter 
of inch; curve B is for coils of 3%-inch inside 
diameter. In both curves the wire size is No. 12, 
winding pitch 8 turns to the inch (% inch center-
to-center turn spacing). The inductance values 
given include leads 32 inch long. 

2.0  

LO 

A 

NO.12 BARE WIRE   
TURNS PER INCH   

A- INSIDE DIA = 

-Rd DE DIA.. 

007 

WM 

005 

NM  
S 0 

NO. Or TURNS 
is 20 

Measured inductance of coils wound with No. 12 bare 
wire, 8 turns to the inch. The values include half-inch 
leads. N% here smaller inductance values are required, 
they should be obtained experimentally by adjusting to 
the proper resonance frequency with the specified ca-
pacitance. Coils of larger inductance can be wound from 
the common formulas. 



CHAPTER 27 

Vacuum Tubes 

and Semiconductors 
For the convenience of the designer, the re-

ceiving-type tubes listed in this chapter are 
grouped by filament voltages and construction 
types (glass, metal, miniature, etc.). For ex-
ample, all 6.3-volt metal tubes are listed in 
Table I, all lock-in base tubes are in Table 
III, all miniatures are in Table XI, and so 
on. 

Transmitting tubes are divided into triodes 
and tetrodes-pentodes, then listed according 
to rated plate dissipation. This permits direct 
comparison of ratings of tubes in the same 
power classification. 

For quick reference, all tubes are listed in 
numerical-alphabetical order in the index be-
ginning on the following page. 

Tube Ratings 

Vacuum tubes are designed to be operated 
within definite maximum (and minimum) 
ratings. These ratings are the maximum safe 
operating voltages and currents for the elec-
trodes, based on inherent limiting factors such 
as permissible cathode temperature, emission, 
and power dissipation in electrodes. 

In the transmitting-tube tables, maximum 
ratings for electrode voltage, current and dissi-
pation are given separately from the typical 
operating conditions for the recommended 
classes of operation. In the receiving-tube 
tables, because of space limitations, ratings 
and operating data are combined. Where only 
one set of operating conditions appears. the 
positive electrode voltages shown ( plate. scn.,m, 

etc.) are, in general, also the maximum rated 
voltages for those electrodes. 

For certain air-cooled transmitting tubes, 
there are two sets of maximum values, one 
designated as CCS ( Continuous Commercial 
Service) ratings, the other ICAS (Intermittent 
Commercial and Amateur Service) ratings. 
Continuous Commercial Service is defined as 
that type of service in which long tube life and 
reliability of performance under continuous 
operating conditions are the prime considera-
tion. Intermittent Commercial and Amateur 
Service is defined to include the many appli-
cations where the transmitter design factors of 
minimum size, light weight, and maximum 
power output are more important than long 
tube life. ICAS ratings are considerably higher 
than CCS ratings. They permit the handling 
of greater power, and although such use in-
volves some sacrifice in tube life, the period 
over which tubes will continue to give satis-
factory performance in intermittent service 
can be extremely long. 

Typical Operating Conditions 

The typical operating conditions given fur 
transmitting tubes represent, in general, maxi-
mum ICAS ratings where such ratings have 
been given by the manufacturer. They do not 
represent the only possible method of opera-
tion of a particular tube type. Other values of 
plate voltage, plate current, grid bias, etc., may 
be used so long as the maximum ratings for a 
particular voltage or current are not exceeded. 

INDEX TO TUBE TABLES 

I — 6.3-Volt Metal Receiving Tubes 
II — 6.3-Volt Glass Tubes with Octal Bases 
III — 7-Volt Lock-In Base Tubes 
IV — 6.3-Volt Glass Receiving Tube  
V — 2.5-Volt Receiving Tubes 
VI — 2.0-Volt Receiving Tube, 
VII — 2.0-Volt Tubes with Octal Bases  
VIII — 1.5-Volt Battery Tubes 
IX -- High-Voltage Heater Tubes   
X — Special Receiving Tubes 
XI — Miniature Receiving Tubes 
XII — Subminiature Tubes 

A = Acorn 
B = Glass-button miniature 
13, = Glass-button subminiature 

VI4 XIII — Control and Regulator Tubes V36 
V15 XIV — Cathode-Ray Tubes and Kine-
V17 scopes  V37 
Vit) XV — Rectifiers  V42 
V20 XVI — Triode Transmitting Tubes  V45 
V2I XVII — Tetrode and Pentode Transmit-
V21 ting Tubes  V56 
V22 XVIII — Klystrons  V6I 
V23 XIX — Cavity Magnetrons  V63 
V25 XX — Transistors    V61 
V27 XXI — Germanium Crystal Diodes  V65 
V33 XXII — Miniature Selenium Rectifiers  V65 

BASE TYPE DESIGNATIONS 

J = Jumbo N = None or special type W = Wafer 
L = Lock-in O = Octal 
M = Medium S = Small 

VI 



VACUUM-TUBE DATA V2 
INDEX TO VACUUM-TUBE TYPES 

Fos convenience in locating data on specific tube types the index below lists all 
tubes in numerical-alphabetical order, showing the page number where individual 
tubes may be f t in the classified-data section (pages V14-V63) and the 
identifying base-diagram number in the base-diagram section (pages V5-V13). 

Type Page Base 
00-4  V25 41) 
0 I-A  V25 41) 
012  V36 5130 
0/3  V37 4AJ 
0440  V36 4V 
045  V36 11g. 33 
0112  V36 5111) 
OB3  V37 4AJ 
0C3  V37 4AJ 
OD3  V37 4AJ 
003  V36 5110 
0Y4  V42 411U 
OZ4  V42 4R 
OZ4A  V44 411 
1  V42 4G 
113  V27 5AP 
I A4P  V21 4M 
IA4T  V21 4K 
1 A5GT  V22 6X 
1A6  V21 6 L 
1 A7GT  V22 7Z 
I A135  V22 511F 
11136  V27 71)11 
1,105  V33 Fig. 14 
11('6  V27 7I)H 
111)4  V33 - 
I A D5  V33 Fig. 16 
111A  V27 OAK 
MES  V33 - 
1,11,1  V27 6.111 
1,11.5  V27 6AU 
11114  V33 - 
1 A H5  V27 7DJ 
I AJ5  V33 - 
1.1 X2  V42 9Y 
I 113GT  V42 30 
I B4  V21 4M 
1115  V21 6M 
15137GT . . V22 7Z 
I B8CIT  V22 SAW 
11147  V36 - 
1E48  V42 - 
103  V27 50F 
1CSGT  V22 6 X 
1(6  V21 61, 
1070  V21 7Z 
108  V33 - 
1021  V36 4V 

11)3  V33 -11)5GP  V21 5Y 

IDSGT  V21 511 
11)70  V21 7Z 
11)8GT  V22 8AJ 
1E3  V27 911G 
1E4G  V22 58 
1 E5GP  V21 51( 
I E7G  V21 80 
I E8  V33 Fig. 27 
I F4  V21 5K 
I F50  V2I 6X 
116  V21 6W 
I F7G  V21 7,11) 
I G4GT  V22 58 
105G  V21 OX 
1(113GT  V22 7/11 
1114G  V21 58 
I II5GT  V22 5Z 
11160  V21 7A A 
I J5G  V21 6X 
irerr  V21 7111 
11A  V27 OAR 
11,6  V27 71/0 
11.14  V22 5.11) 
1116  V22 7A K 
11.114  V22 5AI) 
11.116  V22 8A X 
1105  V22 7/0 
11.06  V22 7/31( 
11.1)5  V22 6A X 
11.1,3   V22 4 A A 
I LE3  V22 4A A 
11,05  V22 7A( ) 
11.114  V22 SAG 
I I. N5  V22 7,10 
1 N501'  V22 5Y 
I N6G  V22 7A M 
I P5GT  V22 51' 
I ( 35(IT  V22 6AF 
1(36  V33 800 
I 12.4  V22 4A H 
1115  V27 731T 
184  V27 7AV 
185  V27 61 II 
186  V33 8 DA 
I8A6GT V22 6CA 
181160T . V22 6013 
FIA  V27 6AR 
!T5IIT  V22 6AF 
Tfi  V33 Fig. 28 
I 4   V27 6AR 
IS   V27 611W 
I'6  V27 711C 
-V  V42 40 
V2  V42 9U 
V5  V33 - 
V6  V33 - 
W 1  V27 513Z 

I X24  
I X2B 
1 Y2  
IZ2  
2A3  
2A4G  
215  
216  
2A7  
2API  
2B4  
2B5  
2136  
2137  
21322  
21325  
211P1  
2C4  
2021  
2021  
2022  
2022  
2025  
2026,1 
2034  
2036  
2037  
2039  
2039A 
2040  
2043  
2051  
2052  
21)21  
2E5  
2E22  
2E24  
2E25  
2E26  
2E30  
2E30  
2E31  
2E32  
2E35  
2E36  
2E41  
2E42  
205  
2021  
2022  
2J42  
2J42A  
21122  
21(25  
21(26  
2K28  
2K29  
2K33  
2 K34  
21(35  
2 K39  
21(41  
2K42  
2K43  
2K44  
21145  
2K46  
2K47  
2K48  
2K56  
213/48  
2V30  
2W3  
2X2  
2 X2-1  V42 4,113 
2Y2  V42 4,113 
2Z2  V42 411 5LP I . V38 I1F 
3A4  V27 7116 5M 1, V38 71 N 
3A4  V56 71113 5114U V V12 ST 
3A5  V27 7BC 511P1  VIS 14F 
315  V45 711C 5T4  V42 5T 
3A8GT  V25 SAS srp4.. VIS 120 
3API  V37 71 N 5 041. . % 12 5T 
3134  V56 70Y 511 PI V3s 12 E 
3B5GT  V25 7AP 5V41 i V 12 51. 
3137  V22 713E 5W4. V42 ST 
3137  V45 7AP 5W P I I V38 120 
31324  V42 T-41 5W P 15 . V38 12C 
3B25  V42 4P 5X3  V42 40 
3B26  V42 Fig. 31 5X411  V42 50 
3B27  V42 4P 5Y3G  V42 5T 
31328  V42 4P 5Y3WGT . . V42 5T 
311P1  V37 141 5Y4(1  V42 50 
304  V27 613X 5Z3  V42 40 
3050T  V25 71(3 5Z4  V42 51 
300  V25 711W SZP I 6  V38 Fig. 46 
3022  V52 Fig. 30 5-12511   V611 713M 
3023  V36 3G 6A:3  VI9 41) 
3C24  V47 21) 6A4  V19 SR 6BN7 
3028  V47 Fig. 56 6A5GT  
3034  V47 3G 616  
3C37  V53 - , 6,17  V 19 70 
3D6  V56 611B 1 618  V 14 SA 
3D6  V22 61313 13/114  V27 50E 
31323  V58 Fig. 53 61115  VIO OR 

Type Page Base 
1 W5  V33 - 
1X2  V42 9Y 

V42 9Y 
V42 9Y 
V42 4P 
V42 7CB 
V20 41) 
V36 58 
V20 613 
V20 6G 
V20 70 
V37 1 IB 
V36 54 
V33 - 
V20 7J 
V20 71) 
VIS Fig. 37 
V42 3T 
V37 12E 
V36 SAS 
V45 71111 
VIO 71311 
V15 4AM 
V45 4AM 
V46 4D 
V46 41111 
V46 T-7DC 3V4  
V45 Fig. 36 3-25,13 
V45 Fig. 36 3-251)3 
V52 - 3-50.14 
V52 - 3-.3004 

V45 Fig. 19 3-50(12V46 Fig. 19 3-75,12 

V27 80.1 
V23 8111) 
V36 713N 
V20 611 
V58 5J 
V56 70L 
V57 513.1 
V57 70K 
V56 700 
V27 700 
V33 - 
V33 - 
V33 - 
V33 - 
V33 - 
V33 - 
V20 612 
V33 - 
V33 - 
V63 - 
V63 - 
Vol - 
V61 Fig. 60 I 4E271 
V61 Fig. 60 4J50  
V61 Fig. 61 4,152 
Vol - 4J78 
Vol Fig. 62 
Vol Hg. 58 
V61 Fig. 58 
V61 Fig. 59 
V61 Fig. 59 
V61 Fig. 59 
V61 59 
Vol Flg. 59 
Vol - 
V61 Hg. 58 
V61 mg. 58 
V61 - 
vet Fig. 60 
V20 51) 
V42 4Y 
V42 4X 
V42 4AB 

Tille Paye Base 
31324  V59 T-9J 
3DPI  V37 Fig. 49 
3DX3  V58 Fig. 40 
3E5  V27 6B X 
3E6  V22 70.1 

3E22  V58 SHY 3E29  V58 713P 
3EP I  V37 II A 
31,1,7  V37 1411 
3G P I  V37 1 1 A 

3J3 I  V63 -3JPI  V37 1411 

3K2 I  V61 Fig. 58 
3K22  V61 Flg. 58 
3K23  Vol Mg. 59 
3K27  V61 Fig. 59 
31(30  V61 Fig. 58 
3K P I  V37 11 M 
31E4  V25 6BA 
31E4  V25 61311 
311P1  V37 Fig. 2 
3(34  V27 7I3A 
3(35GT  V25 7/(3 
3RP I  V37 I 2 E 
394  V27 7114 
3SP I  V37 I2E 

3-75/3  V50 21) 
3-10012. V51 21) 
3-10014. V51 21) 
3X-100A II  V52 - 
3-15012  V53 4B0 
3-15013. V53 4B0 
3X-150.13 . . V53 - 
3-20013  V54 Fig. 52 
3-25012. V54 2N 
3-25014  V54 2N 
3-30012. V55 4B0 
3-30013. V55 4110 
4/60  V21 8L 
4/60  V25 81, 
4032  V54 2N 
4('34  V54 2N 
4(236  V52 Flg. 56 
41)21   V60 513 K 
41)22   V59 Fig. 50 
41)23   V60 511 K 
41)32  V59 Fig. 51 
4'27  V59 711M 

4X150A  V60 T-9J 
4 X 150G. V60 - 
4-65A  V59 Fig. 48 
4-1254  
4-2504  V61 511K 
4-4001  V61 511K 
5.46  V56 9L 
5ABPI  V37 1413 
5API  V37 11A 
5A X4GT . V42 ST 
AZ4  V42 ST 
5BP1  V37 11A 
50P1  V38 I4B 
5024  V54 Fig. 26 
51322  V61 5BK 
51)24  Vol 513K 
5FPI  V38 SAN 
5H PI  V38 111 
5JP1 

7'ypc Page Base 7'ypc Page Base 
6AB60  VIS 7A U 6BV7  V29 9BU 
6,1117  V14 8N 6BW6  V29 9AM 
61138  V27 9AT 6BX6  V29 940 
6ACSGT .... VIS 60 6BX7GT. .   V16 8BD 
6AC6G  VIS 7AU 6BY5G  V42 6C N 
6407  V14 8N 6BY7  V29 9,1(3 
6A D4  V33 - 6I3Z7  V29 9AJ 
6,1135(1  V 15 60 604  V29 613G 
6A D6(1  VIS 7AG 604  V45 6130 
641)7G  V16 SAY 605  VI4 6(3 
6/118  V27 9T 606  V19 61e 
6A E5G  VIO 6(3 607  V19 7G 
64 E6G  VIO 7411 6080  VIO 8G 
61E7(1 r . V16 7AX 60136  V29 7CM 
6,1E8  V27 90 6CDOG  V16 5BT 
61E4  V27 7I)K 130111  V29 7CM 
64F50  V16 60 6C(16  V29 713K 
6AFOG  VI9 7AG 130H6  V29 9BA 
6AF7G  V16 SAG 60Jd  V29 OAS 
6A05  V27 71113 6CK6  V29 OAR 
6AG6G  V16 78 6016  V29 Fig. 08 
6A07  VSO SY 6096  V29 70M 
6AG7  V14 SY 61)4  V36 SAY 
6/1140 1 . V16 SEL. 011)6  V19 (31, 
6AH5G . V16 OAP 6137  V19 711 
6.11113  V27 700 61)80  V16 81 



V3 CHAPTER 27 
Type Page Base TgPe Page Base Type Page Base Type Page liase 

68V7  V15 7AZ 12.4118 .... V30 9BP , 6GP4C. V39 I 2I) , 35/51  V20 5E 
6817  VIS 80 1 2..‘ 1.5 V3() 61(T 6HP4  V39 Fig. 35 r 35A5  V24 6AA 
61'4  V29 70K 12 41'1 V39 6AL 6384  V39 121) , 35145 2 6T5  VI9 6 6 K P4  V39 120 1 35115  V31 7BZ 

13 " 
61'60M  V 17 6Z 112 4i ;"1' V30 713Z V30 7I3T V30 94 6 LP4  V40 Fig. 35 351.60T . V31 7CV V24 74C 
6T7  V15 7 V 12.i r: 6:084 . V40 121) 35T  V48 3G 
(IT8  V29 9E 12.41 6 V30 7CC 611P4  V40 121) 1 35TG  V48 21) 
6113  V42 913M 12.4 , 7 V30 9A Ii14P4A  V40 12D 35W4   
61.14GT  V42 4C0 12 11 7 V45 9A I 1134  V40 Fig. 35 35Y4  ‘V44 5BQ 33 SAL 

6(75  V 19 6R 12 \, 6 4'30 713T 6 ( • P4  V4() 1213 3513  443 41 
61:60T  Vil 7AC 12.14'7 . . V30 9.4 124   V30 7CM 64'84  V40 121) 3514GT V43 5A A 

W6 61170  VI7 7R 6W P4 A V40 121) 35/50  V43 6A13 
131.18  V29 9AE 124 W7 . V30 73'M 61134  V40 12D 35164;  V43 7Q 
6V3  V42 9141) 124 X4GT . . V43 WU V36 3(3 7  36  V19 5E 
6V4  V42 9M 12A X7  V30 9A 7A P4  V40 1213 37  V 19 5A 
6V5GT  V17 6A0 124 17  V30 41A 70134A. V40 Fig. 45 38  V19 5F 
6V6  V 15 7AC 12.417  V30 9A 71313411.. V40 121) 39/44  V19 5F 
6V6GT. . V56 7AC 12134  V30 9.40 7(134  V40 120 40  V26 41) 
6V70  V17 7V 12116M  V23 6Y 71'84  V40 Fig. 42 402aG I'. . V43 6A1) 
6V8  V29 9A11 12117  V23 8V 7084  V40 Fig. 43 41  V19 614 
6W4GT  V42 «XI 12137M L.. . . V23 8V 71184  V40 Fig. 42 42  V19 611 
6W50  V42 68 12I48GT V23 Si 7384  V40 Fig. 45 43  V24 611 
6W6GT  V17 7AC 121446  V30 7( •• 7,4  V40 Fig. 45 45  
6W7G  V17 714 1213.47  , 71.84  Fig. 42 4513  VV 4203 SAM 
6X4  V42 7118 12111)6  V30 7( V30 s( ' ' 7084 1 71034  V40 121) 4515(3T .... V43 6AD 
6X5  V42 68 1213E6  '( V30 7( 11 V4U Fig. 66 46  V20 511 
6X60  V17 7AL 12131'6  V30 711T 78134  V40 121) 47 7 Y134    V20 511 
6X8  V29 YAK 1211H7  V30 9A V40 Fig. 45 48  V24 6A 
6Y30  V42 4AC 12131(6  V30 711T 713  V43 9013 49  V21 511 

  V26 4 El 6Y5  V42 6J 1211N6  4'30 71)F s  V24 613 
5500A5  V24 6AA 6Y60  V17 7AC 1213T6  V30 713T 9  

9 A P4  V21 611 6Y70  V17 8B V30 713T V40 Fig. 35 504 X60 . V43 7Q 
  V31 7BZ 

1213116  
1213 Y7  9 AP4 A . V40 12 1) 613  V42 4G V30 911F 

9405  V31 7CV 614. . ....... V43 51) 121317  V30 9A V30 713L 5541155  
615  V42 6K 12C8  V23 SE 9,1060. V24 SUT 50C6GT. V24 7.40 

9, '8  V24 7AC 6170  V17 813 12184  V39 4 A 1,' 50L6GT 
6Z Y50  V42 68 12084  V39 SAX V30 9E 11,1);444 . V40 I2D 50 r  

  V40 Fig. 35 50 X.6  VV4530 72ADJ 7.44  VI7 SAC 12 E5GT . . . . V23 60 
7A5  V17 6AA 12 F5GT . 911'4 V23 5M   V40 Fig. 35 50 VOGT . V43 7Q 
7.48  V 17 7AJ 1204  V30 6110 i#1.1.1134  V40 120 50Y7GT. V43 SAN 
7A7  VI7 8V 12(170  V23 7V   V31 7BF 5016G  V43 70 
7.48  V17 811 12136  V23 70 93 P4  13 9 I'S  V31 9E V40 12 50Z7G  V43 8A N 
7A117  V26 8110 12J5GT  V23 60 

V23 7R 9 04  51  V20 5E 7.41)7  VIS 8V 12.170T  9 X3  V31 9AH 52  VI9 50 
7AF7  V18 SAC 12 K 7GT V23 713 

9 X8  YAK 
9BM 53  V20 713 

7A(.37  V18 8V 12E8  V23 8K V31 AK 53A  V47 T-4B 
7AH7  V18 8V 12 EP4A . V39 Fig. 35 9Y3  V43 9BM 55  V20 60 
7AJ7  VIS 8V 121.80T .... V23 8111( _   V25 4D 56  V20 5A 
7A K7  V18 8V 121,84  V39 12 L) 20I3P4  V40 I 2 D 5648  V19 5A 
7AP4  V38 bAJ 12070T .... V23 7V 20CP4  V40 Fig. 44 57  VV2190 8611..: 

7115  
7114  V18 SAC 12084  V39 Fig. 35 20C 134 A . V40 Fig. 44 5748  

V18 6A E 12RP4  V39 121) 20084  V40 Fig. 44 58  V20 6F 

7136  VIS 8W 12›,80T  V23 W13 201,84  V40 Fig. 66 5848  V19 610 7137  V18 8V 12847  V23 8R 20084  V40 Fig. 42 59  V20 7A 

7148  V18 8X 128( 7  V23 8S 211H P1  V40 Fig. 66 7047(3T.. . . V24 8 AB 
7B131  V38 SAN 1281'5  V23 6A11 211.184   V40 Fig. 45 70A 7GT .... V43 8A13 
7114  V26 4A11 128F7  V23 7AZ 2038( NI . V24 811 701.7GT. V24 8 AA 
7115  VIS 6AA 121307  128117  V23 813K 201.P4  V40 Fig. 43 70 L7GT V43 S AA 
7118  V18 8W 128.17  V23 8BK 20:4184  V40 Fig. 42 71-A  V26 41) 
7117  V18 8V V2.3 8N ; 21A6  V31 9AS 72  V43 4P 
7(1131  V38 6AZ 12:11(7  V23 8 N ' 2147  V24 8AR 73  V43 4Y 

71)7  VIS 8A11, 1281.70T. V23 S131) 21 A P4  V40 F g. 44 75  VI9 6(3, 7084  V38 1211 1213N7GT. V23 8131) I 21 EP4 A . V40 Fig. 44 75TH  V50 21) 

7E5  V26 81314 12887  V39 12 1) j 211134A. V40 Fig. 43 75T L  VV5109  SA 
21)7E6  VIS 8W 12807  V23 80 2 I K P4 A . V40 Fig. 45 76  

7E7  V18 SAE 128117  3 81/ - 1 NI P4  V49 Fig. 43 77  V19 6F 
7EP4  V38 I IN 1214W7  V23 80   V25 4K 78  VIO 6F 
7F7  V18 SAC 128X7  V23 81111 '2 AP4  V40 131g. 35 79  VIO 6H 
71,8  V18 813W 12817  V23 8R 11-4  V20 SE 80  V43 40 
707  V18 8 V 12TP4  V39 121) 214844. V41 12D 81 ........ 443 413 
7(38  V18 811V 121184  V39 121) 211184  V41 Fig. 43 82  V43 40 
7084  V38 Fig. 47 12V6GT.. . . V23 7A0 21-G  V47 20 83  V43 40 
7117  V18 8 V 12X4  V43 513S 2251.X.1611  V41 Fig. 1 83-V  443 4AD 

V43 5D 717  V18 8AR 1223  I2Z5  V43 4G 84/614  
VIO 60 73 P I  V38 14G I4A4  V43 lb 2547(3T .... V24 8.F 85  
VI9 60 731'4  V38 14G V23 SAC 22.170'I'. V43 8F 

  VI9 6F 7 K 7  ‘V, Ls 88 vi3F 144AA57  V23 6AA 25ACSGT . . V24 60 8895AS  
7L7  V23 8V 25AV5(3T . . V24 6CK 99  V26 41) 
7M 137  V3S 1213 14A F7  V23 8AC 25115  V24 61) 100TH  V51 21) 
7N7  V18 8.40 14A F7  V25 8.411 25136G  V24 78 100T 1. V51 2 I) 
7NP4  V38 14N 14116  V23 8W 25B8GT. V24 ST 11111  V50 21) 

707  VIS SAL 14118  V23 8X 25131(5  V31 9BQ 112-A  V26 413 70P4  V38 120 1413134  V39 Fig. 35 251306(3T . . V24 6AM 117L7GT. V24 SAO 

7R7  V18 SAE 14C5  V23 (MA 25C60,  V24 7AC 117L7G I' . V43 SAO 
7RP4  V38 121) 14(.7  V23 8V 25CD60. V24 5BT 1 I7M7GT V24 SAO 
797  V18 8131. 14(284  V39 121) 25D8GT.. . 424 SA F 1171417Gr.. V43 8A0 
7T7  V18 8V 14084  V39 120 25L6  V24 7AC 117N7GT.. V24 SAV 
7TP4  V38 120 14E6  V21 8W 25N6(3  V24 7W 117 N7GT . . V43 SAY 
7V7  V18 8V V24 SAE 25S 14E7    V21 6M 117P7GT V25 8AV 

14 EP4  117P7GT . V43 8AV 25T  V47 30 7VPI  V38 14A 
14 F7  V43 41313. 7W7  VIS 814.1 V24 SAG 25W4GT V43 403 1 I7Z3  

7W P4  V38 14M 14138  V24 813W J 25 X6CIT . . V43 70 11714GT . . . V43 5A A 
7X6 ... . • V42 7AJ 14084  V39 Fig. 42 2,5Y4GT . V43 5AA 117Z6GT... V43 7Q 
7X7  VIS 8111 14117  V24 8V 25Y5  V43 6E 128A8  V36 5A 

150T  V53 2N 7Y4  V42 SAB 14HP4  1437  V39 Fig. 43 2513  V43 4G 
714  ;,',14 iee 14 N7  V24 8BL 2514  V43 5AA 152TH  V53 4130 

V24 SAC 2515  152TL 8AP4  V43 6E   V53 411C 
81384. . V39 14 1407  V24 SAL 25Z6 0V43 70 182-B  V26 41) 
9AP4 .. V:39 6AL I4R7  V24 SAE 26  V25 41) 183  V26 41) 
911515. . V29 71)0 1487  V24 8131. 26A6  V31 7I3K 203-A  V51 4E 
11138V6  V29 YAM I 4V7  V24 8V 26470T . . V24 8134) 203-11  V51 3N 
91'84  V39 4AF I4W7  V24 SBJ 26111(6  V31 7BT 204-A  V55 T- I A 
9181 . . . V39 81311, 14X7  V24 8111 261'6  V31 713T 20513  V46 41) 
10  V25 4D I4Y4  B 1413  V43 5A 26(06  V31 71111 211  V51 4E 
lO V46 41) V43 4(1 261)6  V31 11111 212-E  V55 T-2A 
101184 . . V:39 1213 15  V21 5F 

V30 9AR 267  V20 SA 217C  V43 4AT 
  V43 9138 217A  V43 4AT 

E 1084. V:19 121) 15A6  2  
101434 839 121) 15A 134  V39 121) 274134  V41 Fig. 43 227A  V51 T-4I3 
10H P4 4'39 140 15(134 .. . . V39 Fig. 35 27E84  V41 1213 24113  V55 T-2 A A 
10K P7 . V39 121) 151384  V39 121) 2807  V25 8138 242A  V50 4E 

V46 T-4AF 28Z5  V51 4E 10884 . V:39 120 15E  4'43 SAS 24213  
10Y V46 41) I 6A5  V311 913 L 3()  421 41) 242C  V52 4E 
11/12  V25 4F I 6A DP4 . V39 Fig. 69 301484  V41 1213 24911  V43 Fig. 53 
12A4 4'30 9A0 16484  V39 Fig. 35 31  V21 41) 250TH  V54 2N 
12A5  8'23 7F 16('81  V39 Fig. 35 32  V21 4K 250T L  V54 2N 
I2A6  423 7AC 161:134A . . . . V39 121) 32 L701' . . V24 8Z V57 T-4C 1247  4'23 7K 254A  
I2A7  342 -K 1611'4  V39 Fig. 35 321.70T. . V43 81 

V21 5K 254B  V58 T-4C 
I 2A8GT . . . . V23 SA 160134  V39 121) , 33  

4 124H7GT. . V23 SBE l 16013411 . . V21 M V39 121) 1 34  2 
2670IA A  V52 4E V55 T-1A 

ruPe ¡'age Base 
276A  V52 4E 
2824  V59 4-T(1 
28411  V52 3N 
2841)  V50 4E 
295.4  V52 4E 
300 I'  V55 2N 
3034  V51. 4E 
304A  V55 T- IA 
30414  V48 21) 
304TH  V55 4130 
304 r i  V55 4130 
305A  V59 T-4CE 
306A  V57 T-5C14 
307.4  V57 T-SC 
30813  V55 T-2 A 
310  V46 41) 
311   V51 4E 
311CH  V52 Fig. 57 
312A  V59 T-6(1 
312E  V55 T-2 AA 
316A  V47 - 
327A  V.511 T-4 A I) 
32711  V50 T-4 AD 
34211  V51 4E 
356A  V49 T-41313 
361A  V52 4 E 
376A  V52 4E 
41014  V61 Fig. 58 
417A  V31 9V 
48211  V26 41) 
483  V26 41) 
485  V26 5A 
527  V55 T-413 
559  V26 Fig. 18 
57SA  V44 4AT 
592  V54 Fig. 52 
703.4  44(1 - 
7054  V43 T-3 A A 
70713  V62 Fig. 61 
71513  4'59 - 
717A  V17 813K 
723AB  V(11 Fig. 60 
756  V48 41) 
800  V47 21) 
801  V46 41) 
801A  V46 41) 
802  V56 61151 
803  V60 51 
804  V59 T-50 
805  V52 3N 
805  V53 3N 
806  V54 2N 
807  V58 SAW 
807W  V58 SAW 
808  V49 21) 
809  V47 311 
810  V53 2N 
811  V49 30 
811A  V49 3G 
812  V49 30 
812A  V4U 30 
81211  V50 3G 
813  V60 513A 
814  V59 T-5I3 
815  V58 8131( 
816  V43 41. 
822  V54 3N 
8228  V54 2N 
826  V49 7130 
828  V60 5J 
829  V58 71313 
829A  V58 71113 
8298  V58 71313 
830  V48 41) 
83014  V49 30 
831  V55 T- 1 A A 
832  V57 71313 
832A  V57 71313 
833A  V55 T-1.413 
834  V49 21) 
835  V51 4E 
836  V43 4P 
837  V56 613M 
838  V52 6E 
840  V21 5J 
841 ...... V46 41) 
841A ..... V48 3C, 
8418W.. .   V49 30 
843  V46 5A 
844  V57 5A W 
849  V55 T-1 A 
850  V60 T-313 
852 ..... V52 20 
860  V60 T-4(.113 
861  V61 T-111 
864  426 41.) 
865  V57 T-4C 
866  V43 4P 
866A  V43 4P 
86611  143 4P 
8661r  V43 413 
871  V44 4P 
872  V44 4AT 
872A  V44 4AT 
874  V36 43 
876  V36 - 
878  V44 4P 
879  V44 4P 
884  V36 6Q 
885  V36 SA 
886  V36 - 
902  V4 i Fig. 1 
903  V41 6A1. 
904  V41 Fig. 3 
905  V41 Fig. 6 
90681  V37 IAN 
907  V41 Fig. 6 
908  V41 7A N 
908A  V41 7CE 
909  V41 Fig. 6 



VACUUM-TUBE DATA V4 
plePe Paue Buse Type 

910  V4I 7AN 5643  
911  V4I 7AN 5644  
912  V41 Fig. 8 5645  
913  V4I Fig. 1 5646  
914 ...... V4I Fig. 12 5647  
93013  V19 3G 5648  
938 ...... 52 4E 5651  
950 ...... V21 5K 5654  
951  V21 4M 5656  
954 ...... V26 5BB 5663  
955  V26 5BC 5670  
955  V15 513C 5872  
956  V26 51313 5675  
957  V26 5131) 5676  
958  V26 581) 5677  
958A  V26 5BD 5678  
958A  V45 513D 5679  
959  V26 5BE 5686  
967  V36 3G 5686  
975A  V44 4AT 5687  
991  V36 - 5690  
1(103  V44 4R 5691  
1005  V44 5AQ 5692  
1006  V44 4C 5893  
1201  V26 8BN 5694  
1203  V26 4411 5697  
1204  V26 8II0 5702  
1206  V18 8BV 5703  
1221  V20 6F 5704  
1223 -VI7 7R 5718  
1229  V21 4K 5719  
1230  V2I 4D 5722  
1231  V18 8V 5725  
1232  V18 8V , 5726  
1247  V33 - 5727  
1265  V38 4AJ 5731  
1266  V36 4AJ , 5744  
1267  V36 4V 5749  
1273  V18 8V 5750  
1274  V44 IIS 5751   
1275  V44 4C I 5755  
1276  V24 41) .5763  
1280  V25 8V 5764  
1284  V25 8V 5765  
1291  V22 714E 5766  
1293  V22 4AA 5767  
1294  V22 44H 5768  
1299  V22 61311 .5784  
1602  V46 4D 5785  
1603  V20 6F 5794  
1608  V46 4D • 5812  
1609  V26 513 5812  
1610  V56 T-SUA 5814  
1611   V15 7S , 5823   
1.' 12   VI5 7T 5824  
lu '   V56 7S 5825  
161 V57 74( 5836  
16k V44 4P I 5837  
1619 V57 T-911 I 5840  
1620. VI5 7R 5842  
1621. V15 79 5844  
1622.. VI5 74C , 5845  
1623... V46 3G 5847. 
1624... V58 T-5DC 5851  
1625.... V58 SAZ 5866  
1626  V45 6Q 5867  
1627  V53 2N 5871  
1628  V47 T-4BB 5876  
1629  V25 6RA 5879  
1631  V25 74C 5881  
1632  V25 74C 5881  
1633  V25 8BD 5890  
1634  V25 8S 5893  
1635  VI7 88 58944 
1641  V44 T-440 5896  
1642  VI9 7BH 5897  
1644  V25 Fig. 7 5898  
1654  V44 2Z 5899  
1800  V4I 6AL 5900  
1801. V4I Fig. 13 5901  
1802PI  V37 11A 6902  
1803P4  V39 6AL 5903  
1804P4  V39 6AL 5904  
1805PI  V37 114 5905  
1806PI  V37 114 5906  
1809PI  V39 813R 5907  
1811PI  V38 6AZ 5908.. 
1816P44.. V4I Fig. 65 5910  
1851  VI5 7R 5915 . 
1852  V14 8N 5916  
1853  V14 8N 5920  
2001  V4I 4AA 5933  
2002  V4I Fig. 1 5961  
2005  V4I Fig. 1 5962  
2050  V36 8134 5963  
2051....... V36 8134 5964  
2523N/128AS 5965  

V36 5A 5977  
5514  V49 4130 5987  
.516  V57 7CL 5993  
5517  V44 5BU 6005  
5556  V45 4D 6026  
5562  V59 Fig. 54 6057  
5590  V3I 713 I) 6058  
5591  V3I 7B1) 6059  
5608  V3I 7BI) 6060  
56084  V20 7B 6061  
5610  V3I 6CG 6062  
5618  V56 7CU 6062  
5633  V34 - 6063  
5634  V34 - 6064  
5635  V35 8DB 6066  
5036  V35 8DC 6067  
5637  V34 - 6072  
5638  V34 - 6073  
.5639  V35 8DI. 6074  
5640  V34 - 6080  
5641  V34 - 6082  
5641 ...... V35 6C2 6084  
5642 ..... V34 - 6085  

Page Base Type Page Base TtiPe Page Base TI/Pe Page Base 
V35 8DD 6086  V32 9BK HF140  V51 4F RK4236.... V63 - 
V35 4CN 6111  V35 8DG liF150  V52 - RK4237.... V63 - 
V34 - 6132  V32 9BA 1-1F175  V52 T-34C RK4238.... V63 - 
V35 - 6135  V32 6BG HF200  V53 2N RK4239.... V63 - 
V35 BI 6136  V32 7BK H1,250  V53 2N RK42411.... V63 - 
V52 - 6137  V15 8N HF31)4.1  V54 2N RK4241.... V63 - 
V36 5130 6140  V36 913Y HK24  V47 3G RK4243.... V63 - 
V31 7BD 6141  V36 911Z HK54  V48 21) ItK4244.... V63 - 
V31 9E 6146  V58 7CK HK57  V59 Fig. 64 RK4253.... V63 - 
V36 7CE 6155  V60 5BK HKI54  V48 21) RK4254... V63 - 
V31 8C.1 6156  V61 5BK HKI58  V48 21) RK4255.... V63 - 
V35 - 6157  V44 Fig. 72 111(2521... V53 413C RK4256.... V63 - 
V45 Fig. 36 6158  V32 94 I1K253  V43 4AT RK4257.... V63 - 
V35 - 6159  V58 7CK 111(254  V5I 2N RK4258.... V63 - 
V35 - 6173  V26 Fig. 67 11K257  V60 7BM RK4.159.... V63 - 
V35 - 6201  V32 94 11K25711.. YOU 7BM RK5226.... V63 - 
V18 7CX 6216  V32 Fig. 73 11K3041.... V55 413C RK725A... V63 - 
V56 Fig. 29 6216  V56 Fig. 73 111{354  V53 2N RK IO  V46 40 
V31 Fig. 29 7000  V17 7R ... V53 2N RKII... V47 3G 
V3I 9H 7193  V45 4AM HK3541). V53 2N RKI2  V47 30 
V44 Fig. 74 7700  V20 6F HK354E V53 2N RKI5  V20 40 
V17 8131) 8000  V54 2N HK354F V53 271 RK16  V20 5A 
VI7 801) 8001  V59 7BM 11K45411. V55 271 RIC17  V20 5F 
V15 8N 8003  V52 371 11K4541. V55 271 RKI8  V47 30 
VI7 8CS 8005  V5I 3G HK654  V55 271 RK19  V44 4AT 
V35 - 80(18  V44 Fig. Il 11V12  V54 371 RK20  V58 T-5C 
V35 - 8010-It  V48 - HV18  V53 271 R1(204  V58 T-5C 
V35 - 8012  V47 T-4BB HV27  V54 3N RK21  V44 4P 
V35 - 8013-4  V44 4P HY6J5GTX. V45 6Q RI(22  V44 T-440 
535 80K 8016  V42 4AC HY6L6GT. V57 74C RK23  V56 6BM 
V35 801( 8020  V44 4P HY6V6GT. V57 74C RK24  V2I 4D 
531 5C13 8025  V47 44Q HY24  V45 4D RK24  V45 413 
V3I 7CM 9001  V32 7PM HY25  V47 3G RK25  V56 6BM 
V3I 6BT 9002  V32 7TM HY3OZ  V47 4B° 13.1(2513  V56 6BM 
V36 7BN 9002  V45 7TM HY3IZ  V47 T-41) RK28  V60 5J 
V26 5I3C 9003  V32 7PM HY40  V48 3G RK284  V60 5.1 
V35 - 9004  V26 4BJ HY4OZ  V48 3G RK30  V47 2D 
V3I 7BK 9005  V26 5BG HY514  V49 3G RK3I  V48 30 
V3I 7C11 9506  V32 6BH HY5I13  V49 3G RK32  V48 20 
V3I 9A AT-340  V6I 5BK HY5IZ  V49 4110 RK33  V45 T-7DA 
V3I 9J AX9900. V53 Fig. 5 HY57  V48 3G RI(34  V46 T-7DC 
V56 9K A X99111 . V55 HY60  V57 5AW RK35  V48 2D 
V45 Fig. 36 AX9903. V58 Fig. 10 HY61  V58 5AW RK36   V5I 20 
V45 Fig. 36 AX.9905... V57 Fig. 34 HY63  V56 T-81)13 RK37  V48 20 
%45 Hg. 36 BA  V42 42 HY65  V57 T-81)13 ItK38  V5I 20 
V45 Fig. 36 BH  V42 42 HY67  V59 T-51)13 RK39  V57 5AW 
V26 Fig. 36 , BR  V42 411 HY69  V58 T-5I) 13.1(41  V57 5AW 
V35 - I CE220  V42 4P HY75  V46 2T RK42  V22 413 
V35 - CK501  V33 - HY754  V46 2T 11.1(43  V22 6C 
V45 Fig. 36 CK502  V33 - HY113  V34 5K 11.K44  V56 6BM 
V56 7C(2 CK503  V33 - HY1141.3 V45 2T R1(46  V58 T-5C 
V3I 7C(2 CK504  V33 - HYII5  V34 5K 1(1(47  V59 T-512 
V31 9A CK505  V33 - HYI23  V34 5K ItK48  V60 T-5D 
V36 4CK CK506  V33 - H YI25  V34 5K RK484  V60 T-51) 
V25 78 CK507  V33 - HY145  V34 5K RK49  V57 6A 
V44 4P C1(509  V33 - HY155  V34 5K RK51  V49 3G 
V62 - CK510  V33 - HY615  V45 T-840 RK52  V49 30 
V62 - CK5I2  V33 - HY8014 V46 41) RK56  V56 5AW 
V35 8DL CK51513X. V33 - HY866.1r V44 4P RK57  V52 371 
V31 9V ( K520AX . V33 - , HY123IZ. V47 T-41) R1(58  V5I 371 
V3I 713F ( 1(5214X V33 - 1 HY1269. V59 T-51)11 RK59  V46 T-413 
V3I 5CA («K5224X V34 - I HYEI148.. V45 T-84G 13.K60  V44 T-44G 
V3I 9X ( • 1(523 A X V34 - i KY2I  V34 - 
V35 ((CL ('1(524AX V34 - KY866  V1? Fig. 8 htligl   V36 - 
V53 Fig. 5 ( 1(5254X V34 - 13,154  V34 - ItK62  536 41) 
V55 - (' 1(526AX V34 - M64  V34 - ItK63  V54 271 
V20 7AC cl(527AX . V34 - M74.. V34 - RK634  V54 271 
V45 Fig. 36 C1(5294X V34 - NU-2( 35. V26 Fig. 38 RK64  V56 5AW 
V31 9AD cl(5514X4. V34 - PE340  V60 5I3K RK65  561 T-313C 
V57 74C CK553AXA. V34 - QKI40  V62 - R1(66  V58 T-5C 
VI7 7AC I CK5564X V34 - Q1(159  V62 Fig. 63 RK73DA. V63 - 
V36 12J ( ' K5684X V34 - 0K174C V63 - RK75  V57 T-5C 
V45 Fig. 36 CK5694X V34 - QI(226  V62 - RK100  V46 T-611 
V58 Fig. 10 (• I(605CX V34 - (21(227  V62 - RK7054. V43 T-3AA 
V35 $0.2 cK60613X V34 - Q1(289  V62 - RK726C  V62 - 
V35 80K («K608CX. V34 - QI(290  V62 - RK866  V44 4P 
V35 80K CI(619CX V34 - Q1(291  V62 - RK5586... V63 - 
V35 131)L (' 1(624CX. V34 - Q1C292  V62 - RK5609... V63 - 
V35 SOL l•K6504X V34 - QK293  V62 - RK5657... V63 - 
V35 81)1. l'1(705  V65 - QK294.. . V62 - RK5721... V62 - 
V35 8D1. C1(706  V65 - QI(295  V62 - RK5976... V62 - 
V35 8D2 (' 1(707  V65 - QK306  V62 - RK5981... V62 - 
V35 8DK c1(708  V65 - QK3I2  V63 - RI(5982.. V63 - 
V35 81)1. I ( 1(710  V6.) - RK2.122.... V63 - RI(6043... 562 - 
V35 8121, CI(1005   V44 5AQ RK2J23.... V63 - RK6115. V62 - 
V35 MDL UK1008 V44 4C RK2J24.... V63 - RM208... V36 - 
V35 8DC , cl(1007  V44 T-9G R1(2.125.... V63 - RM209 . V37 - 
V31 6AR ' CK1009. V44 RK2226. V63 - RX214  V44 - 
V31 7C11 CK5672.... V34 - RK2227.... V63 - 81)917.4... V34 - 
V35 815C DR31327.... V42 4P ItK2228.... V63 - 13D8284... V34 - 
532 Fig. 70 DR123C.... V52 Fig. 26 ItK2229.... V63 - S0828E... V34 - 
V58 5AW DR200  V53 271 R1(2230. V63 - 801103  V62 - 
V15 8R   V26 9C RK2231. 6 - S01104  V62 - 
5311 240 FI234  V52 Fig. 26 RK2232. V63 - 871944  V34 - 
532 9A FI274  V5-1 Fig. 26 R1(2233. V63 - 131,7946  V34 - 
V32 7131' 084  V42 414 RK2234.... V63 - SN9471).. V34 - 
531 94 (11.2C44. V26 Fig. 17 RK2236. V63 - 13N948C  V34 - 
V35 80K 0L2C44.. V45 Fig. 17 RK2238.... V63 - SN9531)... V34 - 
V35 80M GL5C24., V5'4 Fig. 26 RK2239. V63 - 871954  V34 - 
V44 Fig. 71 GL5024 . V6I 5I3K RK2248.... V63 - SN95513... V34 - 
V32 787 01.146  V53 T-414G RK2249.... V63 - SN956B... V34 - 
V45 - GL152  V53 T-414G RK2250.... V63 - SN9574... V34 - 
V32 9A 0L159  V55 T-413(1 RIC2251. V63 - 8711006  V34 - 
V32 613T 01 .169  V55 T-4130 RK2254.... V63 - SN100713... V34 - 
532 9I3C GL4464. V26 Fig. 19 RK2255. V63 - T20  V46 3G 
V32 9A 0L4464. V45 Fig. 19 RK2256. V63 - T21  V57 64 
V32 9AM G1.44613. V26 Fig. 19 RK2258. V63 - T40  V48 3G 
V32 9K 01.44613. V45 Fig. 19 RK22614. V63 - T55  V49 3G 
V511 9K C.L4644. 526 Fig. 17 RK22624. V63 - T60  V49 2D 
V14 5BS G..4644. V45 Fig. 17 RK2266. V63 - T100  V50 20 
V32 7131) GL559  V26 Fig. 18 RK2267. V63 - TI25  V52 271 
V32 713T 01.592  V54 Fig. 52 RK2268. V63 - T200  V54 271 
V32 94 GL80124 V47 T-4BB RK2269. V83 - T300  V54 - 
V32 94 111)2034....V53 3N 11.1(2270. V63 - T814  V54 371 
V36 5130 111,60  V50 20 RK2271. V63 - T822  V5-1 371 
V36 5130 11175  V50 21) RK4231. V63 - TB35  V513 Fig. 54 
V17 8131) 111,100  V50 21) R1(4232. V63 - TUF20  V46 2T 
V25 8BI) 111,120  V5I 4F RIC4233. V63 - TW75  V50 2D 
V32 911.1 111,125  V5I - RI(4234. V63 - TWI50  V53 271 
V32 94 111'130  V52 - RK4J35. V63 - •rzzo  V46 3G 



V5 CHAPTER 27 

Type Pane Pose Type Page Base Type Page !lase 7. IIPe Page Base 
TZ40  V48 3G , V70  V.i0 3N V11.90  V37 4AJ WE304A. V48 21) 
UE100  V50 21) i V70A  V50 3N VR105  V37 4AJ X6030  V26 Fig. 4 
11E468  V53 Fig. 57 , V70   V50 30 VR150  V37 4AJ 1 XXII  V26 Fig. 9 
UH35  V50 3G . V70C  V50 3G VT52  V26 41) , XXI)  V25 SAC 
UH:10  V48 21) , V701)  V51 3G VT127A.... V51 T-413 ' XXI.  VIS SAC 
UH51  V48 21) I VR75  V37 4AJ VT191  V47 I XXEM  V26 SBZ 

Type Page Base 
Z225  V43 4P 
Z668  V62 — 
Z1360  V50 21) 
Z13120  V50 4E 

SEMICONDUCTORS 

Type Page 7'ype Page Type Page Type Page Type Page 
1.4 VOS N55 V65 11173 V65 : CK706 V65 N11752 V64 
1N34A  VOS N55A V65 1N74 V65 , CK707 V65 0050 V64 
1N35 VOS N56 V65 1N75 V65 CK708 V65 01151 V64 
1N38  VOS X.56A V65 2A V64 CK710 V65 PT2A V6-1 
1N38A  vii5 N57.  V65 21i V64 CK716 V64 PT28 V64 
1N39  VOS NS:.  V65 2i - V64 ( K72I V64 R1734 V64 
1N40... ........ . Vo', IN : \  V65 •»))  V64 ( 1(722 V64 RD2517 V64 
1N41... ..... ... . V65 N60. . . . .. . V65 2E V64 ( 5 V65 R1)2520 V64 
1N42... . ...... VOS Nol ..... . . V65 21, V64 ( 5C V65 RD2521 V64 
1N43... . . . . vo5 NO3  VO5 21:  V64 ( 51) V65 RD2525 V64 
1›.44. . Vii,, \lit  VOS 2N32 V64 ( 5E V65 RR- I4 176-1 
IN45... . \ 6.› 005  V65 2N33 564 ( 5F V65 RR-20 Vol 
1N46. . . v6,-, N6). .... . . V65 2N34 V64 ( 5G V65 RR-21 V64 
1N47  v6.-, Nr17. . V65 2N35 V64 ( 7 V65 RR-34 V64 
1N48  vti.-, No: ..V65 2N36 V64 ( 11 V64 T-21A V64 
1N51  \ O-. NO) . . . . V65 2X37 V64 11A ....... V64 TA- 16111 V64 
1N52  a 6 e \ 71 r   VOS 2N3.,  V64 M1680  V64 TP-01 V61 
1N54... ....... \ 65 N7I  VOS A169,  V64 MU'',  V64 X-22 VO4 
1N54A  \ 115 N72  VOS (• 1<7or.  V65 :\117'''   V64 X-23 V64 

VACUUM-TUBE BASE DIAGRAMS 

Tim diagrams on the folio,. page, - 1, ,, - I alelard :iielsei eonneeijons mereqe0eliiig to the base designations 
given in the column headed -:, .• ket Cortrtuctii,n,." in the elassified tube-data ta1,I,•-. Bottom views are shown 
through . Terminal designation: are as fiillims: 

A = Anode ( I.= Collector Il = Heater P = Plate ( % node) Ref = Reflector 
It = Beam I) = Deflecting Plate IC = Internal Con. Pt = Starter-Anode S = Shell 
BP = Bayonet Pin I" = Filament IS = Internal Shield PliF = Beam Plates TA = Target 
BS = Base sleeve FE = Foetus Elect. K = Cathode RC = Ray-Control U = Unit 
C = Ext. Coating G . = Grid NC = No Connection Electrode • = Gas-Type Tube 

Alphabetical subscripts l), I', T and II X indicate, respectively, diode unit, pentode unit, triode unit or hexode 
.... it in multiunit types. Subscript M, T or CT indicates filament or heater tap. 

Generally when the No. I pin of a metal-type tube in 'Fable I, with the exception of all triodes, is shown connected 
to the shell, the No. I pin in the glass (G or CT) equivalent is connected to an internal shield. 

2AG 

3G 

4AD 

4AT 

460 

R.E.T.M.A. TUBE BASE DIAGRAMS 
Bottom views are shown. Terminal designations on sockets are shown above. 

2D 

3N 

A 

4AF 

4815 

NC 

NC 

NC 

NC 
H 

2N 

31 

4AH 

4B 

460 

N 

2T 

4AA 

4C 

2Z 

4AB 

NC NC 

N 

H 

4AM 

F, 

G 

4BC 

H p 

4AC 
OUTPUT 

TERMINALS 

4AP 

F15 

TADILIZING 
ELECTRODES 

4BJ 



VACUUM-TUBE DATA V6 

40( 

JUMPER 

4H 

JUMPER 

45 

5AG 

5AP 

5BS 

5CB 

TUBE BASE DIAGRAMS 

Bottom views are shown. Terminal designations on sockets are given on page V5. 

SA SAA 5A8 

15 

4CN 

BP 

4.1 

SAJ 

SBA 

5BT 

H 

SCE 

G 
H 

NC 

4D 

G, 

4K 

SAS 

5BJ 

SCF 

BP 

4E 

4M 

NC4 5NC 

NC 3 6G 6, G, 

4 F 46 

NC 

4 R 

NC NC4 NC 

NC 

H 1 8H 

SAC 

NC 

NC NC IC 

G, 

SAL 

SAW 

50 

H 

IC 

NC NC 

F5 

NC 
F-
G3 

SAD 

SAM 

580 

5 E 

2 

HI I.IH 

42 

SAN 

SAZ 

5BQ 



V7 CHAPTER 27 

5J 5K 

H 

6AA 

6AV 

6CA 

6 H 

TUBE BASE DIAGRAMS 

Bottom views are shown. Terminal designations on sockets are given on page V5. 

6BM 6 BQ 6BT 68W 

H 

68X 

5 

6AB 

GAO 

680 

GCB 

6J 

G2 H 

5 L 5 M 5Q 

NC 5P4C G2 NC NC 4 5 P2 
G, G 

5 U 

6A 0 

66E 

6CC 

60 

IC 

Pa 

5Y 

GAZ 

6BG 

6 E 

6 L 

6AM GAP 6AR 6AS 6AU 

H 

Fr 

G, 

H 

5Z 

GAP 

6 B 

6 F 

6 M 

NC 

63 

H 

SR 

6A 

GAL 

6 BA 

6C 

p K 

NC 

6CJ 

H 611 

6G 

6Q 



VACUUM-TUBE DATA V8 

6 R 6RA 61" 

N 

Pt 

NC 

7AD 

7AM 

7A $ 

7BC 

7Ce 

y, 

TUBE BASE DIAGRAMS 

Bottom views are shown. Terminal designations on sockets are given on page V5. 

NC 

N 

7 A 

7A H 

F-
G34 515 

D, 

52 Aa Ga 
02 
04 

740 

NC 45G P", Ga 

NC G, 

7A A 

NC Ç IS 

7AJ 

Ga 

NC 

7AP 

Ga 

G, 

F-

G3 

7AV 

G, 

Ga 

788 

D3 

D2 

0, 

78J 

F. 

NC 

G, 

F. 

Gs 

F+ 

NC 

7AQ 

7 BC 

788 

BS 

7CK 

F- H 

NC 

7AC 

78M 

DD2 

781" 

Po' 
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7CW 

7V 

pi 

H 

8AB 

G, 

NC 

G 

NC 

NC 

8A J 

8A U 

PT 

F-

P. 

H 

TUBE BASE DIAGRAMS 

views are shown. 'Fe al d.signations on sod:cis are given on page V5. 

, re, 

BAL 

HT 

H 

G, 

8 BA 8BC 8BD 88E 

7D 

7 X 

8AD 

BAN 

8AW 

7DQ 7E 7F 

7K 

7DB 7DC 

7CU 

G, N 

G, 

G3 G, 

FCT Fc, 

Or G, 

7 CV 7CY 

H 

G G5 G D, 
G, 

NC NC 5 

7 Z 8A 

G, G OT 
D, 

G34 5G5 

G, 

64 

8AX 

$4 5 GT2 

Prz 

H K, 

813 8AY 

H H 

70E 

G, 

8A0 BAR 8AS 

BAG 

88F 8BJ 



VACUUM-TUBE DATA v10 

81 

88K 

G, 

PTi 

NC 

G 

8EL 

G,4 5K 

G, 

8 B LI 8BV 

8DG 

8 N 

r, 

Pp 

H 

8 Z 

T2 

TUBE BASE DIAGRAMS 

Bottom views are shown. Terminal designations on sockets are given on page 5. 

Gz 
G. 

BCG 

80J 

8 F 

Law,, 

860 BB R 

IS 
6 

622 D, 

Ku2 H 

H 

G 

Gr, G, 

88W 

TA 

8ESN 

8CH 

NC 

N 2 

8DA 

80K 

Gil 

1.1 

KC 

5 

63 5 

G 

8G 

8 P 

8 V 

88V 

etz 

9AC 

G 

8BZ 

8CK 

8IDC 

BOM 

8R 

8 X 

9AM 

8 H 8 K 8 L 

Gr 

Di 

Kg 

8 BS 

800 

8 S 
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G 

9BX 

9AR 

H 

9BL 

9 E 

120 

14 F 

TUBE BASE DIAGRAMS 

Bottom views are shown. Terminal designations on sockets are gi‘en on page V5. 

H 

9AS 

9BM 

9BY 

H 

12 E 

4G 

KG, 

G, 

HT, 

GTI 

G 

98F 9BG 

H p H 

9AX 

9BP 

I2H 

G3 Gi 

PT NC 

licr 

G3 

IC 

IC 

9R 

B1 

9BJ 

95 

I I N 

14 A 

G, 

H 

9 L 

I I A 

12 C 

IN 410,0,,, 

Da 
IC 

0 1 -

0, 

G 
NC rO0e: 

rID 

14 13 

FI G.2 



VACUUM-TUBE DATA V12 

Butt 

FIG 3 

G 

GUI 

FIG 9 

FIG 27 

FIG.52 

REFLECTOR 

CAP CONTROL 
IC 4  S ç oLocrn000 

TUBE BASE DIAGRAMS 

viems ire shown. Terminal &signal IIIII Ill ,ockrusiri gis CIE 0.1 page \' 5. 

G A 
PPE GaP, 

FIG 4 

FIG. 28 

NC NC 

FIG 53 

REF LAP 

IC 518 10 
OREG. Boos BNEG 

FIG 59 F16.60 

G2 p I( A. 

Fog 69 

FIG5 

NCI 4 NC 

F16.11 

TOP RING 

Zoo RING 

G 

FIG 17 

F16.54 

REF 123RING 

CONTROL 
ELECTRODE 

Gs 
2. RING 

FIG.6I 

H H 
F101 $7 

FIG 13 FIG. 14 

2 

F16.18 

FIG. 12 

TOP Ir. K 
sK 
PRIMAL 

H 

FIG 49 F16.50 F1651 

F16.56 

FIG.62 

FIG 

G 

G3R 

G31. 

OP, 

H 

PP, 

F16.7 

FIG 19 

Fig 46 FIG 47 Fig 48 

FIG. 8 

F16.30 FIG.31 FIG. 33 

FIG. 39 

H H 
Fig.45 

ASH 
POD4 P F4 P 

Peg NC 
OF 

PIN 

FIGS? 

F1G.63 

FIG 69 

CONTROL 
LECTRODE 

IC 3 001LI. 6 IC 

H 

P, 

DREG 

FIG.58 

Gu 

P16. 70 

If 
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T-2A T-2AA 

FIG .71 

T-IAA 

T-4AF 

T-5DC 

TUBE BASE DIAGRAMS 

Bottom vitms are slims n. Terminal de,ignai ions cm sockt•ts are Oro on page V5. 

G 

T-4A6 

T- 413G 

T- 6C 

T-8AG T-8DB 

T-1AB 

G, 

NC 

Erg 73 

SLOT 

T-38 

T-48 

T-4C 

T-7DA 
G, 

Ff 

T-18 

Gz 

NC 

P8F NC 

H SH 

T-38C 

T-5CB 

T-7 DC 

T-9E T-9G 

K . P IC 

H 

T-9J 

G, 

G3 
FCT 

T-4A 

T-48D T-48E 

NC P 4 GR R PL 
Gz G, 

T-914 

GL 

T-5D8 

T-8A0 

G,A P 
G3 

NC 

T-91 



TABLE I- METAL RECEIVING TUBES 

Characteristics given in this table apply to all tubes having type numbers shown, including metal tubes, glass tubes with "G" suffix, and bantam tubes with " GT'' suffix, 
For "G" and 'GT" tubes not listed ( not having metal CO unterparts), see Tab es II, VII, VIII and IX. 

Type Nome 
Socket 
C  
lions 

Fil. or Heater Capacitance emfd. 

Use 
Plate 
Supply 
Volts 

Grid 
Bias 

Screen 
Volt. 

Screen 
Current 
Mo. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
ductence 
mi.mmho. 

Amp. 
Factor i 

I 

Load 
Resistance 
ohms 

Power 

Output Watts Type Volts Amp. In Out Plate- 
Grid 

6A8 
_ 

Pentogrid Converter 8A 6.3 0.3 Osc Grid leak -= 
5000012 Converter 250 - 3.0 100 2.7 3.5 Anode-grid (No. 2) 250 volts max. thru 20,000 ohms 6A8 

6A87 
1853  Remote Cut-off Pentode 8N 6.3 0.45 8 5 0.015 Class-A Amp. 300 - 3.0 200 3.2 12.5 700000 5000 3500 -. .-. 6A87 

1853 
6AC7 
1852  Sharp Cut-off Pentode 8N 6.3 0.45 11 5 0.015 Class-A Amp. 300 160* 150 2.5 10 1000000 9000 6750 -.- -.. 613c7 

1852 
6AG7 Power Pentode 8Y 6.3 0.65 13 7.5 0.06 Class-Al Amp. 300 - 3.0 150 7/9 30/30.5 130000 11000 - 10000 3.0 6AG7 -6AJ7 Sharp Cut-off Pentode 8N 6.3 0.45 - - - Class-A Amp. 300 160' 300 2.5 10 1000000 9000 - - -•-. 6AJ7 
6AK7 Pentode Power Amp. 8Y 6.3 0.65 13 7.5 0.06 Class-A Amp. 300 - 3 150 7 30 130000 11000 --- 10000 3.0 6AK7 
688 Duplex-Diode Pentode 8E 6.3 0.3 6 9 0.005 Class-A Amp. 250 - 3.0 125 2.3 9.0 650000 1125 73-0 -- -- 6138 - 

6C5 Triode 60 6.3 0.3 3 11 2 
Class-A Amp. 250 - 8.0 

-17.0 

--. 

-... 
- 8.0 10000 2000 20 -- ...- 

6C5 Bias Detector 250 - Plate current adjusted to 0.2 ma. wi h no signal 
6F5 High-e Triode 5M 6.3 0.3 5.5 4 2.3 Class-A Amp. 250 - 1.3 -=-• - 0.2 66000 1500 100 - -.. 6F5 

Class-Al Pont.' 250 
315 

-16.5 
-22.0 

250 
315 

6.5 
8.0 

36 3 
42 

80000 
75000 

2500 
2650 

200 
200 

7000 
7000 

3.2 
5.0 

Class-Al Triode , 250 -20.0 -. - 34 3 2600 2600 6.8 4000 0.85 
6F6 Pentode Power Amplifier 75 6.3 0.7 6.5 13 0.2 Class-AB, Amp.' 375 340* 250 8/18 54/77 Power ou put for 2 tubes at 10000 , 19.0 6F6 

Class-A82 Amp.' 375 -26.0 250 5/19.5 34/82 stated load, plate-to-plate 10000 ' 18.5 

Class-48: Amp.' t 350 
350 730* 

-38 - 
- 

- 
- 

50/61 
48/92 

- 
- 

- 
-..... 

I - 
I .-- 

10000 , 
6000 3 

9 
13 

6H6 Twin Diode 70 6.3 0.3 - - .-- Rectifier Max. a.c. voltage per plate = 150 r.m.s. Max. output current 8.0 ma. dc. 6H6 
6J5 Triode 60 6.3 0.3 3.4 3.6 3.4 Class-A Amp. 250 - 8.0 -.- 9 I 7700 2600 -20 -. •-• 6J5 

6J7 Sharp Cut-off Pentode 7R 6.3 0.3 7 12 0.005 
8F. Amp. 250 - 3.0 100 0.5 2.0 1.5 meg. 1225 1500 - -.- 

6J7 Bias Detector 250 - 4.3 100 Cathode current 0.43 ma. - - 0.5 meg. --

6K7 Variable.» Pentode 7R 6.3 0.3 7 12 0.005 
R.F. Amp. 250 - 3.0 125 2.6 10.5 600000 1650 990 -, •-• 

61(7 Mixer 250 -10.0 100 --. - -• Oscillator peak volts = 7.0 
. 610 Triode-Hexodo 8K 6.3 0.3 - - -. _Converter 250 - 3.0 100 6 2.5 Triod Plate (Na. 2) 100 volts, 3.8 ma. 6K8 

Single Tube 250 170' 250 5.4/7.2 75/78 .--- •- - 2500 • 6.5 
Class Al 300 220' 200 3.0/4.6 51/54.5 -••• .-- 4500 6.5 
Single Tube 250 -14.0 250 5.0/7.3 72/79 22500 6000 -.. 2500 6.5 
Class At 350 -18.0 250 2.5/7.0 54/66 33000 5200 -, 4200 10.8 
Pe. Class At 3 270 125' 270 11/17 134/145 - - 5000 3 18.5 

61.6 Beam Power Amplifier 7AC 6.3 0.9 10 12 0.4 
P.P. Class Ai t 250 -16.0 250 10/16 120/140 24500 5500 5000 , 14.5 6L6 

270 -17.5 270 11/17 134/155 23500 5700 --- 5000 3 17.5 
P.P. Class ABs 3 360 250' 270 5/17 88/100 9000 8 24.5 
P.P. Class A131 3 360 -22.5 270 5/15 88/132 Power output for 2 tubes. 6600 ' 26.5 

P.P. Class A1124 360 -18.0 225 3.5/11 78/142 Load plate-to-plate 60003 31.0 

_ 360 -L-22.5 270 5/16 88/205 3800 3 47.0 

6L7 Pentagrid Mixer Amplifier 7T 6.3 0.3 -- 
R.F. Amp. 250 - 3.0 100 5.5 5.3 800000 1100 - •••- - 

6L7 Mixer 250 - 6.0 150 8.3 3.3 Over 1 meg. Oscillator-grid (No.3)voltage = - 15 
6N7 Twin Triode 88 6.3 0.8 - •-••=. Class-8 Amp. 300 0 ---- .--. 35/70 -• •-•••• 8000 10.0 6N7 
607 Duplex-Diode Triode 7V 6.3 0.3 5 3.8 1.4 Triode Amp. 250 - 3.0 -• 1.1 58000 1200 70 •- 607 
687 Duplex-Diode Triode 7V 6.3 0.3 4.8 3.8 2.4 Triode Amp. 250 - 9.0 •-•••• -.•-• 9.5 8500 1900 16 10000 0.28 6R7--
657 Remote Cut-off Pentode 78 6.3 0.15 6.5 10.5 0.005 Class-A Amp. 250 - 3.0 100 2.0 8.5 1000000 1750 -- - -• 657 
6SA7 Pentagrid Converter 8R3 6.3 0.3 - ..-- Converter 250 03 100 8.0 3.4 800000 Grid No 1 resistor 20000 ohms 65A7 

9.6 9.2 
Converter 100 - 1 100 10.2 3.6 500000 900 -- - - 

6587Y Pentagrid Converter 8R 6.3 0.3 Converter 250 - 1 100 10 3.8 1000000 950 - -.- •-•• 6587Y 
Ose. Section in 88-108 Mc. Serv. 250 22000, 12000, 12.6/12.5 6.8/6.5 - - - --- - 

65C7 Twin-Triode 85 6.3 0.3 -.. - •-•• Class-A Amp. 250 - 2.0 --= .- 2.0 53000 1325 70 •-••••• - 6SC7 



TABLE I- METAL RECEIVING TUBES-Continued 

Type Nome 
Socket 

Connec-
lions 

Fit' or Heater Capacitance maid. 

Use 
Plate 
Supply 
Volts 

Grid 
mas Screen 

volts 
Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
ductance 
Micromhos 

Amp. 
F , 
Factor 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type 
Volts Amp. In Out Plate- 

Grid 

65E5 Hier.» Triode 6AB 6.3 0.3 4 3.6 2.4 Class-A Amp. 250 - 2.0 - - 0.9 66000 1500 100 - -- 65E5 

65E7 Diode Variable-µ Pentode 7AZ 6.3 0.3 5.5 6 0.004 Class-A Amp. 250 - 1.0 100 33 12.4 700000 2050 - - - 65F7 

4507 Semivarlable-a Pentode 88K 6.3 0.3 8.5 7 0.003 H.F. Amp. 250 - 2.5 150 3.4 9.2 Over 1 meg. 4000 - - - 65G7 

65617 Sharp Cut-off Pentode 8BK 6.3 0.3 8.5 7 0.003 Class-A Amp. 250 - 1.0 150 4.1 10.8 900000 4900 - - - 65117 

6117, Sharp Cut-off Pentode 8N 6:3 0.3 6 7 0.005 Class-A Amp. 250 - 3.0 100 0.8 3 1500000 1650 2500 - - 65J7 

6SK7 Variable-a Pentode ' 8N 6.3 0.3 6 7 0.003 Class-A Amp. 250 - 3.0 100 2.4 9.2 800000 2000 1600 - -. 65K7 

6507 Duplex-Diode Triode 80 6.3 0.3 3.2 3.0 1.6 Class-A Amp. 250 - 2.0 -- - 0.8 91000 1100 100 - - 6507 

6587 Duplex-Diode Triode 80 6.3 0.3 3.6 2.8 2.40 Class-A Amp. 250 - 9.0 ---. •-• 9.5 8500 1900 16 -- - 6SR7 

6557 Variable-µ Pentode 8N 6.3 0.15 5.5 7.0 0.004 Class-A Amp. 250 - 3.0 100 2.0 9.0 1000000 1830 - -. --.. 6557 

6ST7 Duplex-Diode Triode 80 6.3 0.15 2.8 3 1.50 Class-A Amp. 250 - 9.0 - -..., 9.5 8500 1900 16 •-• --. 6ST7 

6SW Diode R.F. Pentode 7AZ 6.3 0.3 6.5 6 0.004 Class-A Amp. 250 - 1 150 2A 7.5 800000 3400 - - - 6SV7 

6SZ7 Duplex-Diode Triode 80 6.3 0.15 2.6 2.8 1.10 Class-A Amp. 250 - 3 - - 1.0 58000 1200 70 - - 6SZ7 

411 Duplex-Diode Triode 7V 6.3 0.15 1.8 3.1 1.70 Class-A Amp. 250 - 3.0 - - 1.2 62000 1050 65 - - 617 

6V6 Beam Power Amplifier 7AC 6.3 0.45 2.0 7.5 0.7 

Class-As Amp., 250 -12.5 250 4.5/7.0 45/47 52000 4100 218 5000 4.5 

6V6 
Class-AB, Amp., 

250 -15.0 250 5/13 70/79 60000 3750 - 10000 , 10.0 

285 -19.0 285 4/13.5 70/92 65000 3600 - 8000 , 14.0 

1611 Pentode Power Amplifier 75 6.3 0.7 - - - Audio Amp. Characteristics some as 6F6 1611 

1612 Pentagrid Amplifier 71 6.3 0.3 7.5 11 0.001 Class-A Amp. 250 - 3.0 100 6.5 5.3 600000 1100 880 - - 1612 

1620 Sharp Cut-off Pentode 7R 6.3 0.3 - - - Class-A Amp. Characteristics same as 6J7 1620 

1621 Power Amplifier Pentode 75 6.3 0.7 
Class-AB2 Amp., 300 -30.0 300 6.5/13 38/69 - - - 4000 , 5.0 

1621 
Class-Ai Amp., 1 330 500' - 55/59 - - - 5000 ,, 2.0 

1622 Beam Power Amplifier 7AC 6.3 0.9 ...- - ---. Class-As Amp. 300 -20.0 250 4/10.5 86/125 - - - 4000 10.0 1622 

1851 Television Amp. Pentode 7R 6.3 0.45 11.5 5.2 0.02 Class-A Amp. 300 - 2.0 150 2.5 10 750000 9000 6750 - - 1851 

5693 Sharp Cut-off Pentode 8N 6.3 0.3 5.3 6.2 0.005 Class-A Amp. 250 - 3 100 0.85 3.0 1000000 1650 - - - 5693 

5961-5961 Pentagrid Converter 8R 6.3 0.3 Ose Grid 20K ft Converter 250 - 2 100 8.5 3.5 1000000 Conversion Gm =450 

6137 Remote Cut-off Pentode 8N 6.3 0.3 5.0T 6.5 0.003 Class-As Amp. 250 - 3 100 2.6 9.2 800000 2000 - - - 6137 

'Cathode resistor-ohms. 1 Screen tied to plate. Grid bias-2 volts if sepa ate oscillator excitation is used. 
For 65A7GT use base diagram 8AD. Also Type "65.17Y." 

Values are for single tube. 
, Values me for two tubes in push-pull. 

TABLE II- 6.3-VOLT GLASS TUBES WITH OCTAL BASES 

(For "G" and "GT"-Type Tubes Not Listed Here, See Equivalen Type in Table I; Characteristics and C ions Will Be Identical) 

Max.-signal value. 
'Plate-to-plato value. 
Osc grid leak-Sun res. 

ITN Name 

Socket 

C - 
lions 

FIL or Heater Capacitance µµfd. 

Use 

Plate 

SynalTssly 
Grid 
Bias 

Screen 
Volts 

Screen 
Current 
asa . 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Tronscon- 
ductance 
Micromhos 

Am Amp. 
e t 
ac or 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type 
Volts Amp. in Out 

Mate- 
Grld 

21122 Diode Fig. 37 6.3 0.75 2.2 -.-- - U.h.f. Detector Ave age cathode Ma. = 5; Output volts = 50 d.c.; Load resistance = 10000. 2822 

2f:22 Triode 4AM 6.3 0.3 2.2 0.7 3.60 Class-A AmP. 300 -10.5 - - 11 6600 3000 20 - - 2C22 

6A5GT Triodo Power Amplifier 6T 6.3 1.0 ..- -.-- 

Class-A Amp., 250 -45.0 - - 60 800 4.2 2500 3.75 

6A5G P.P. Class AB , 325 -68.0 - - 80 ..- 5250 -.-. 3000 , 15.0 

P.P. Class AB , 325 850e 80 - --• 5000 , 10.0 

6AB6G Direct-Coupled Amplifier 7AU 6.3 0.5 - .-.- - Class-A Amp. 
250 0 Input 5.0 

40000 1800 72 8000 3.5 6A86G 
250 0 Output 34 

6ACSGT 
Hih Power-Amplifier g-ass 

Triode 
60 6.3 0.4 .- -. --. PP.• PP .• Cl B , 250 

0 - - 

5.0 
36700 3400 125 

10000 , 8.0 
6ACSGT 

Dyn.-Coupled 250 .-- - I 32 7000 3.7 

&AGA Direct-Coupled Amplifier 7AU 6.3 1.1 ..- Class-A Amp. 
180 0 Input 7.0 

.- 3000 54 4000 3.8 6AC6G 
180 0 Output 45 

6ADSG High-a Triode 60 6.3 0.3 4.1 3.9 3.3 Class-A Amp. 250 - 2.0 - 1 -.-• 0.9 - 1500 100 - - 6ADSG 

IfiAD6G,0 Electron-Ray Tube 7AG 6.3 0.15 .-. - -.. Indicator 100 0 for 900; -23 for 1350; 45 for 0°. Target current 1.5 ma for 0°. 6AD6G 
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Type 

, 

Name 
Socket 

lions 

Fil' or Heater Capacitance µdd. 

Use 
Plate 

i 
SuP" 
Volts 

Grid 
Blas 

Screen 
Volts 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Tr • Load 
ductance 

Micromhos 

Amp. 
.__.e. 
`""" ' 

Resistance 
Ohms 

Power 
Output 
Wa 

Type 
Volts Amp. In Out 

Plate- 
Gridtts 

6AD7G Triode-Pentode 8AY 6.3 0.85 .... 
Triode Amp. 250 -25.0 ----. - 4.0 19000 325 6.0 -- - 

6AD7G 
Pentode Amp. 250 -16.5 250 6.5 34 80000 2500 -- 7000 3.2 

6AE50 ,0 Triode Amplifier 60 6.3 0.3 -.- Class-A Amp. 95 -15.0 -.- -. 7.0 3500 1200 4.2 - •-•-• 6AE5G 

6AE6G Single-Grid Twin-Plate Triode 7AH 6.3 0.15 - -• - Plate let ; 250 
250 

1.5 
1.5 

-- 
- 

-- 
- 

6.5 
4.5 

25000 
35000 

1000 
950 

25 
33 

- 
- 

- 
- 6AE6G 

6AE7GT 10 Twin-Input Triode 7AX 6.3 0.5 - - --- Driver Amplifier 250 -13.5 - - 5.0 9300 1500 14 ---- - 6AE7GT 

6AFSG Triode 60 6.3 0.3 - - - Class-A Amplifier 180 -18.0 - - 7.0 - 1500 7.4 - - 6AF5G 
6AF70 Twin Electron Ray 8AG 6.3 0.3 .-- ..- -- Indicator Tube 6AF7G 
6AG6G10 Power-Amplifier Pentode 75 6.3 1.25 - - - Class-A Amplifier 250 - 6.0 250 6.0 32 - 10000 - 8500 3.75 6AG6G 
6AH4GT Triode BEL 6.3 0.75 7.5 3.2 4.2 Class-A Amplifier 250 -23 - - 30 1780 4500 8 - - 6AH4GT 
6A1450 Beam Power Amplifier 6AP 6.3 0.9 - - -.. Class-A Amplifier 350 -18 250 - - 33000 5200 - 4200 10.8 6AH5G 
6AH7GT Twin Triode 88E 6.3 0.3 - -• - Converter & Amp. 250 - 9.0 - -... 121 6600 2400 16 - - 6AH7GT 

6AL6G Beam Power Amplifier 6AM 6.3 0.9 --.- - - Class-A Amplifier 250 -14.0 250 5.0 72 22500 6000 2500 6.5 6AL6G 

6AL7GT Electron-Ray Tube 8CH 6.3 0.15 - - -• Indicator Outer edge of any of the three illuminated areas displaced %6 in. min. ouhva d with +5 volts 
to its electrode. Similar inward disp. with -S volts. No pattern with -6 volts grid. 6AL7GT 

6AQ7GT Duplex Diode Triode 8CK 6.3 0.3 2.3 1.5 2.8 Class-A Amplifier 250 - 2.0 - -- 2.3 44000 1600 70 - - 6AQ7GT 

6AR6 Beam Power Amp. 680 6.3 1.2 11 7 0.55 Class-A Amplifier 250 -22.5 250 5 77 21000 5400 95 - - 6AR6 
6AR7GT Duo-Diode Remote Pentode 7DE 6.3 0.3 5.5 7.5 .003 Class-A Amplifier 250 - 2 100 1.8 7.0 1200000 2500 - --- -- 6AR7GT 

6AS7G Low-Mu Twin Triode BBD 6.3 2.5 ...-.. 
D.C. Amplifier 135 250* - - 125 280 7500 2.1 - -.- 

6AS7G Class-Al Amp. P.P. 250 2500* - -- 100/106 280 225 r - 6000 t 13 

6AU5GT Beam Pentode 6CK 6.3 1.23 11.3 7 0.5 Hors. Def. Amp. 450 11 -50 11 - - 100 11 Peak pos. plate pulse =5000 volts.- 6AU5GT 

6AV5GT Beam Pentode 6CK 6.3 1.2 -..... ... ...- Harz. Def. Amp. moil _mu 175 ii _ 100» Peak pos. plate pulse =4500 volts. 6AV5GT 

6AW7GT Twin Triode 8C0 6.3 0.3 - .- - Class-A Amplifier 100 0 - -, 1.4 - I 1200 80 - .-- 6AW7GT 
684G Triode Power Amplifier 55 6.3 1.0 - - - Power Amplifier Characteristics same as Type 6A3-Toble IV -... - - 684G 

686G Duplex-Diode High-is Triode 7V 6.3 0.3 1.7 3.8 1.7 Detector-Amplifier Characteristics some as Type 75-Table IV - - - 686G 
68D5GT Beam Pentode 6CK 6.3 0.9 - -.- Here. Def. Amp. 325 11 - 325 11 - 100 11 Peak pos. plate pulse =4000 volts. 68D5GT 

6111.7GT Double Triode 8BD 6.3 1.5 4.4 1.1 4 Class-A Amp. 250 - 9 .--- - 401 2000 I 7000 14 - - 6BL7GT 

611Q6GT Beam Pentode 6AM 6.3 1.2 - - - Deflection Amp. 550 11 - 150 - 10011 Peak pos, plate pulse =4000 volts. 611Q6GT 
6806G Beam Power Amplifier 5BT 6.3 0.9 11 6.5' 0.5 Deflection Amp. 700 11 -Spit 350 -. 1ppir Peak pos. plate pulse =6000 volts. 68G6G 

611X7GT Twin Triode 880 6.3 1.5 4.4 1.1 4.2 Class-A Amplifier 250 390* - ---• 42 1300 I 7600 10 - •••••-• 6BX7GT 

6C110 Twin Triode 8G 6.3 0.3 - -... •- Amp. 1 Section 250 - 4.5 - - 3.1 26000 1430 38 - - 6C8G 

6CD6G Beam Pentode 581 6.3 2.5 26 10 1.0 Herz. Def. Amp. 70011 -5p" 175" - 17011 Peak pos, plate pulse =6000 volts. 6CD6G 

6D8G Pentogrid Converter 8A 6.3 0.15 - -, - Convertor 230 - 3.0 100 Cathode current 13.0Ma. Anode grid (No. 2) Volts = 250, 6D8G 

6E8G1° Triode-Hexode Converter 80 6.3 0.3 - .- .- Converter 250 - 2.0 Triode Plate 150 volts 6E8G 

6F8G Twin Triode 8G 6.3 0.6 -. -... -.- Amplifier 250 - 8.0 - - 91 7700 I 2600 20 - - 6F8G 

6G6G Pentode Power Amplifier 75 6.3 0.15 - 
Class-A Amplifier 180 - 9.0 180 2.5 15 175000 2300 400 10000 1.1 

Amplifier , 180 -12.0 ...- - - 4750 2000 9.5 12000 0.25 606GClass-A 

6H4GT Diode Rectifier SAF 6.3 0.15 .--. - -- Detector 100 -.- - - 4.0 - - - - - 6H4GT 
6/18G Duo-Diode High-el Pentode 8E 6.3 0.3 - - - Class-A Amplifier 250 - 2.0 100 - 8.5 650000 2400 - .--- ....... 6H8G 

6.180 1, Triode Heptode 8H 6.3 0.3 - - -.- Converter 250 - 3.0 100 2.8 1.2 Anode-grid (No. 2) 250 volts max., 5 ma. 6J8G 
6K5GT 1,1 High-is Triode SU 6.3 0.3 2.4 3.6 2.0 Class-A Amplifier 250 - 3.0 - - 1.1 50000 1400 70 - - 6K5GT 
6K6GT Pentode Power Amplifier 75 6.3 0.4 - - - Class-A Amplifier Characteristics some as Type 41-Table IV 6K6GT 
6L5G Triode Amplifier 60 6.3 0.15 2.8 5.0 2.8 Class-A Amplifier 230 - 9.0 - -... 8.0 - 1900 17 - ..- 6L5G 

élM6G1, Power Amplifier Pentode 75 6.3 1.2 - -, - Class-A Amplifier 250 - 6.0 250 4.0 36 ..... 9500 - 7000 4.4 6M6G 

6M70 Pentode Amplifier 7R 6.3 0.3 - •-•.- - R.F. Amplifier 250 - 2.5 125 2.8 10.5 900000 3400 - - - 6M7G 

6M8GT Diode Triode Pentode BAU 6.3 0.6 .-.- 
Triode Amplifier 100 -..- -.-- 0.5 91000 1100 - - - 

6M8GT Pentode Amplifier 100 - 3.0 100 - 8.5 200000 1900 •••••• ..-.... ..-.• 
6N60 10 Direct-Coupled Amplifier 7AU 6.3 0.8 - - - Power Amplifier Characteristics some as Type 685-Table IV - - - 61116G 
6P5GT 10 Triode Amplifier 60 6.3 0.3 3.4 5.3 2.6 Class-A Amplifier 250 -13.5 - - 5.0 9500 1450 13.8 .. 6P5GT 



TABLE II- 6.3- VOLT GLASS TUBES WITH OCTAL BASES- Continued 

Type Nome 
Socket 
Conner- 
tiens 

Fil. or Heater Capacitance Md. 
Plate 
Supply 

Volts 

Grid 

Bias 

Screen 

Volts 

Screen 
Current 

Ma. 

Plate 
Current 

Ma. 

Plate 
Resistance 

Ohms 

Tronscon- ductance 

Micromhos 

m  
FA :.. 
ac ' 

Load 
Resistance 
Ohms 

Power 
Output 
Wafts 

Type 
Volts Volts Amp. In Out Gr id 

Use 

6870 10 Trlode-Pentode 7U 6.3 0.3 - - -. Class-A Amplifier Characteristics some as 6F7-Table IV 6P7G 
6P8G Triode-Hexode Converter 8K 6.3 0.8 - -- .--- Converter 250 - 2.0 75 1.4 1.5 Triode Plate 00 v. 2.2 ma. 6P8G 
6Q6G Diode-Triode 6Y 6.3 0.15 -- - - Class-A Amplifier 250 - 3.0 - ---• 1.2 --. 1030 65 -.-- - 606G 
6R6G Pentode Amplifier 6AW 6.3 0.3 4.5 11 0.007 Class-A Amplifier 250 - 3.0 100 1.7 7.0 - 1450 1160 - -..... 
6S6GT  Remote Cut-off Pentode SAK 6.3 0.45 - - - _ R.F. Amplifier 250 

250 

- 2.0 

- 2.0 

100 

- 

3.0 13 350000 4000 - - 
f6R6G 

6S6GT 
6S8GT Triple Diode Triode 8CB 6.3 0.3 1.2 5 2 Class-A Amplifier ..... 0.9 91000 1100 100 ----- - 6S8GT 
6SD7GT Medium Cut-off Pentode 8M 6.3 0.3 9 7.5 .0035 R.F. Amplifier 250 - 2.0 100 1.9 6.0 1000000 3600 -•-• - 65D7GT 
6SE7GT Sharp Cut-off Pentode 8N 6.3 0.3 8 7.5 .005 R.F. Amplifier 250 - 1.5 100 1.5 4.5 1100000 3400 3750 - - 6SE7GT 
6SH7L Pentode R.F. Amp. 8BK 6.3 0.3 -- - --»- Class-A Amplifier 250 - 1.0 150 4.1 10.8 900000 4900 - - - 6SH7L 
6SL7GT Twin Triode 88D 6.3 0.3 - - - Class-A Amplifier 250 - 2.0 - - 2.3 , 44000 1600 70 - - 6SL7GT 
6SN7GT 
6SN7GTA Twin Trind•  811D 6.3 0.6 - ..--- -- Class-A Amplifier 250 - 8.0 - ...-....- 9.0 , 7700 2600 20 ...•- 6SN7GT 

6SN7GTA 
6SU7GTY Twin Triode 811D 6.3 0.3 - - -- Class-A:Amplifier 250 - 2.0 - - 2.3 44000 1600 70 - - 6SU7GTY 
6T6GMw Amplifier 6Z 6.3 0.45 - - - Class-A Amplifier 250 - 1.0 100 2.0 10 1000000 5500 -- - •-••• 6T6GM 
6U6GT Beam Power Amplifier 7AC 6.3 0.75 --- - - Class-A Amplifier 200 -14.0 135 3.0 56 20000 6200 - 3000 5.5 6U6GT 
6U7G Variable-u Pentode 7R 6.3 0.3 5 9 .007 Class-A Amplifier Characteristics same as Type 6D6-Table Ili 6U7G 
6VSGT Beam Power Amplifier 6A0 6.3 0.45 9.0 10 0.6 Class-A Amplifier 315 - 13 225 1 6.0 35 77000 3750 --- 8500 5.5 6V5GT 
6V7G , Duplex Diode-Triode 7V 6.3 0.3 2 3.5 1.7 Detector-Amplifier Characteristics same as Type 85-Table ill 6V7G 
6W6GT Beam Power Amplifier 7AC 6.3 1.25 - - - Class-A Amplifier 135 - 9.5 135 12.0 61.0 - 9000 1 215 2000 3.3 6W6GT 
6W7G Pentode Del. Amplifier 7R 6.3 0.15 5 8.5 .007 Class-A Amplifier 250 - 3.0 100 2.0 0.5 1500000 1225 1850 - -, 6W7G 
6X6G Electron-Ray Tube 7AL 6.3 0.3 - - - Indicator Tube 250 0 v. for 300°, 2 ma. -8 v. for 0°, 0 rna. Vane grid 125 v. 6X6G 
6Y6G Beam Power Amplifier 7AC 6.3 1.25 15 8 0.7 Class-A Amplifier 135 -13.5 135 3.0 60.0 9300 7000 .- 2000 3.6 6Y6G 
6Y7G ,,, Twin Triode Amplifier 88 6.3 0.3 - .-.. - Class-8 Amplifier Characteristics same as Type 79-Table IV 6Y7G 

6Z7G Twin Triode Amplifier 8B 6.3 0.3 - -. Class-8 Amplifier 
180 0 - - 8.4 ...-- ..... - 12000 4.2 

6Z7G 135 0 - - 6.0 - --•-• - 9000 2.5 
717A Sharp Cut-off Pentode 88K 6.3 0.175 - - - Class-A Amplifier 120 - 2.0 120 2.5 7.5 390000 4000 .- - - 7I7A 
1223 Sharp Cut-off Pentode 7R 6.3 0.3 - - - Class-A Amplifier Characteristics same as 6C6-Table IV 1223 
1635 Twin Triode Amplifier 88 6.3 0.6 - - - Class-11 Amplifier 300 0 - - 6.6/54 - - ••••-• 12000 10.4 1635 
5691 Hi-Mu Twin Triode 880 6.3 0.6 2.4 , 2.3 7 3.6 , 

Class-A Amp. 250 - 2 - - 2.3 , 44000 1600 70 - - 5691 

5692 Medium-Mu Twin Triode 8110 6.3 0.6 2 . V  2.6 , 
2.5 7 
2.7 8 

3.5 , 
3.3 8 Class-A Amp. 250 - 9 

- 6 

- - 6.5 , 9100 2200 18 ..-• -.-. 5692 
5694 Twin Triode 8CS 6.3 0.8 -- -- - Class-A Amplifier 300 - -- 7.0 11000 3200 35 - - 5694 
5881 Beam Power Amp. 7AC 6.3 0.9 -- --- - Audio Amplifier 

135 1-250* - 

Characteristics 

- 125 , -1----- 

Characteristics same 

same as 6L6 Table I 5881 
6080 Low-Mu Twin Triode 8BD 6.3 2.5 6.4 2.2 8.4 D.C. Amplifier 

Class-A Amplifier 
280 1- 7000 

as Type 6J7 
2 --- - 6080 

7000 Low-Noise Amplifier 7R 6.3 0.3 ..- ---. - -Table I 7000 
*Ca hode resistor-ohms. 
Per plate. 

2 Screen tied to plate. 
Through 20,000-ohm dropping resistor. Values are for two tubes in push-pull. 

, Values ore for single tube. r Plate-to-plate value. 
No. 1 triode. 

TABLE - 7-VOLT LOCK-IN-BASE TUBES-For other lock-in-base types see Tables VIII, IX, and X 

Heater 

Type Name 
Socket 

lions 

Capacitance pufd. 

Volts Amp. In Out 
Plate-
Grid 

Use 
Plate 
Supply 
Volts 

Grid 
Bias 

7A4 

7AS 

7A6 

7A7 

Triode Amplifier 

Beam Power Amplifier 

Twin Diode 

Remote Cut-off Pentode. 

SAC 

6AA 

7AJ 

8V 

7.0 

7.0 

7.0 

0.32 

0.75 

0.16 

3.4 
13 

3 

7.2 

4  

0.44 
Class-A Amplifier 

Class-Al Amplifier 

Rectifier 

250 

123 

- 8.0 

- 9.0 

, No. 2 triode. 
9 Peak a.f. volts G.G. Il 

to Discon inued. 
Max. value. 

Screen 
Volts 

Screen 
Current 
Ma. 

Plate 
Current 
Mo. 

Plate 
Resistance 
Ohms 

Ironicen. Amp. 
ductance F Micromhos actor 

Load Power 
Resistance Output 
Ohms Watts 

Type 

9.0 7700 2600 

6100 

20 7A4 

7A5 

7A6 

125 3.2/8 37.5/40 17000 

Max. A.C. volts per plate- 150. Max. Output current-10 ma 
2700 1.9 

7A8 Multigrld Converter 8U 

7.0 

7.0 

0.32 

0.16 

6 
7.5 

7 

9.0 
.005 

0.15 
Class-A AmpliCar 

Converter 

250 

250 

- 3.0 

- 3.0 
7A7 

7A8 

100 

100 

2.0 

3.1 
8.6 

3.0 

800000 

50000 

2000 1600 

Anode-grid 250 volts max., 



TABLE III-7-VOLT LOCK-IN-BASE TUBES-Continued 

Type Name 
Socket 
Co nnec- 
lions 

Heater Capacitance add. 

Use 
Plate 
Supply 
Volts 

Grid 
Bids 

Screen 
vel, 

'' 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Tlemcen-
ductance 

Micromhos 

Amp. 
F....or 

'' ' 

Load 
Resistance 
Ohms 

Power 
Outpul 
Watts 

Type 
Volts Volts Amp. In Out 

Grid 

7AD7 Pentode 8V 6.3 0.6 11.5 7.5 0.03 Class-At Amp. 300 68* 150 7.0 28.0 300000 9500 - - 7AD7 
7AF7 Twin Triode 8AC 6.3 0.3 2.2 1.6 2.3 Class-A Amp. 250 -10 - .-. 9.0 7600 2100 16 7AF7 
7AG7 Sharp Cul-off Pentode 8V 7.0 0.16 7.0 6.0 0.005 Class-At Amp. 250 250e 250 2.0 6.0 750000 4200 - -..- -.. 7AG7 
7AH7 Pentode Amplifier 8V 6.3 0.15 7.0 6.5 0.005 Class-At Amplifier 250 250* 250 1.9 6.8 1000000 3300 - --- - 7AH7 

7AJ7 Sharp Cut-off Pentode 8V 6.3 0.3 6.0 6.5 0.007 Class-At Amp. 7AJ7 

7AK7 Sharp Cut-off Pentode 8V 6.3 0.8 12 9.5 4 Class-At Amp. 130 0 90 21 40 11500 5500 - -- - 7AK7 
784 High-µ Triode SAC 7.0 0.32 3.6 3.4 1.6 Class-A Amplifier 250 - 2.0 .•-•. -..• 0.9 66000 1500 100 .- 784 
785 Pentode Power Amplifier 6AE 7.0 0.43 3.2 3.2 1.6 Class-At Amplifier 250 -18.0 250 5.5/10 32/33 68000 2300 -, 7600 3.4 7115 
786 Duo-Diode Triode 8W 7.0 0.32 3.0 2.4 1.6 Class-A Amplifier 250 - 2.0 -•• ••••. 1.0 91000 1100 100 -.- -•• 7B6 
787 Remote Cut-off Pentode 8V 7.0 0.16 5 7 .005 Class-A Amplifier 250 - 3.0 100 2.0 8.5 700000 1700 1200 - -..... 787 
788 Pentagrid Converter 8X 7.0 0.32 10.0 9.0 0.2 Converter 250 - 3.0 100 2.7 3.5 360000 Anode-grid 250 volts max.1 788 
7C5 Totted, Power Amplifier 6AA 7.0 0.48 9.5 9.0 0.4 Class-At Amplifier 250 -12.5 250 4.5/7 45/47 52000 4100 - 5000 4.5 7C5 
7C6 Duo-Diode Triode 8W 7.0 0.16 2.4 3 1.4 Class-A Amplifier 250 - 1.0 •-• - 1.3 100000 1000 100 - -•-• 7C6 
7C7 Peniode Amplifier 8V 7.0 0.16 5.5 6.8 .007 Ciess-A Amplifier 250 - 3.0 100 0.5 2.0 2 meg. 1300 -.- - .-. 7C7 
707 Triode-Hexode Converter 8AR 7.0 0.48 ,-.. - ••••• Converter 250 - 3.0 Triode Plate (Na. 3) 150 v. 3.5 ma. 7D7 
7E6 Duo-Diode Triode 8W 7.0 0.32 - -•-• -... Class-A Amplifier 250 - 9.0 .- - 9.5 8500 1900 16 •-•-• 7E6 
7E7 Duo-Diode Pentode CAE 7.0 0.32 4.6 4.6 .005 Class-A Amplifier 250 - 3.0 100 1.6 7.5 700000 1300 - -• 7E7 
7F7 Twin Triode CAC 7.0 0.32 - •-• - Class-A Amplifier , 250 - 2.0 - - 2.3 44000 1600 70 - -.• 7F7 

7F8 Twin Triode 88W 6.3 0.30 2.8 1.4 1.2 R.F. Amplifier 250 - 2.5 - -.• 10.0 10400 5000 - -, 
7F8 180 - 1.0 12.0 8500 7000 

7G7 i 
• 1232 Sharp Cut-off Pentode 8V 7.0 0.48 9 7 .007 Class-A Amplifier 250 - 2.0 100 2.0 6.0 500000 4500 "' -'''' ..- 

7G7 / 
1232 

7G8 / 1206 Dual Tetrode 8BV 6.3 0.30 3.4 2.6 0.15 R.F. Amplifier , 250 - 2.5 100 0.8 4.5 225000 2100 •••• 1206 
7H7 Semi-Variable-a Pentode 8V 7.0 0.32 8 7 .007 R.F. Amplifier 250 - 2.5 150 2.5 9.0 1000000 3500 -..-• .... 7H7 
7J7 Triode-Heptode Converter CAR 7.0 0.32 - -..- Converter 250 - 3.0 100 2.9 1.3 Triode Plate 250 v. Max.1 7J7 
7K7 Duo-Diode High-µ Triode 8BF 7.0 0.32 - -•-• - Class-A Amplifier 250 - 2.0 •••• 2.3 44000 1600 70 .-.. 7K7 
71.7 Sharp Cut-off Pentode 8V 7.0 0.32 8 6.5 .01 Class-A Amplifier 250 - 1.5 100 1.5 4.5 100000 3100 Cathode Resistor 250 ohms 71.7 
7N7 Twin Triode 8AC 7.0 0.6 3.4 , 2.0 , 3.0 , Class-A Amplifier, 250 - 8.0 ..-•, 9.0 7700 2600 20 ....- -• 7N7 

707 Pentagrid Converter CAL 7.0 0.32 -, Converter 250 0 100 8.0 3.4 800000 Grid No 1 resistor 20000 ohms .707 
7R7 Duo-Diode Pentode 8AE 7.0 0.32 5.6 5.3 .004 Class-A Amplifier 250 - 1.0 100 1.7 5.7 1000000 3200 -• 7R7 
757 Triode Hexode Converter 8BL 7.0 0.32 -•••• ...... Converter 250 - 2.0 100 2.2 1.7 2000000 Triode Plate 250 v. Max 1 757 n7 Pentode Amplifier 8V 7.0 0.32 8 7 .005 Class-A Amplifier 250 - 1.0 150 4.1 10.8 900000 4900 .... -•-•-• 7T7 
7V7 Sharp Cut-off Pentode 8V 7.0 0.48 9.5 6.5 .004 Class-A Amplifier 300 160' 150 3.9 10 300000 5800 - ...- 7V7 
7W7 Sharp Cut-off Pentode MI 7.0 0.48 9.5 7.0 »025 Class-A Amplifier 300 - 2.2 150 3.9 10 300000 5800 -••-• 7W7 
7X7 Duo-Diode Triode 88Z 6.3 0.3 •-•.-• -•••• Class-A Amplifier 250 - 1.0 - 1.9 67000 1500 100 --.- 7X7 
1231 Pentode Amplifier CV 6.3 0.45 8.5 6.5 .015 Class-A Amplifier 300 200' 150 2.5 10 700000 5500 3850 -..- 1231 

1273 Nonmicrophonic Pentode 8V 7.0 0.32 6.0 6.5 .007 Class-At Amplifier 250 

100 

- 3.0 

- 1.0 

100 

100 

0.7 

1.8 

2.2 

5.7 
1000000 
400000 

1575 

2275 
-•-• - 

- 
-• 

1273 

5679 Twin Diode 7CX 6.3 0.15 - - V.T.V.M. Rectifier Same as 7A6 5679 
XXL Triode Oscillator SAC 7.0 0.32 - -- Oscillator 250 - 8.0 .--• 8.0 .-...-• 2300 I 20 - - XXL 

*Cathode resistor-ohms. 1 Applied through 20000-ohm dropping resistor: s Each section. a Triode No. I. 4 Triode No 2. 



TABLE 1V-6.3-VOLT GLASS RECEIVING TUBES 

Type Nome Base 
Socket 

Connec- 
tions 

Fa' or Heater Capacitance /Aoki. 

Use 

Plate 

SvuoPilLIY 
Grid 
Bias 

-16.5 

Screen 
V It o s 

- 

--- 

Fixed 
Self 

I 180 

- 

_ 

Screen 
Current 
,.. 

- 

--- 

Ellas 
BIOS 

 60   

80 
80 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
ductance 
Micromhos” 

A ._ 

Factor:: 

- - 

Load 
Resistance 
Ohms 

- 

Power 
Output 
Watts 

Type 

Volts Amp. In Out Pe:" 

2C21/ 
1642 

Twin-Triode Amplifier M. 78H 6.3 0.6 - -. Class-A Amp. 250 8.3 7600 1375 10.4 -.- 
2C21/ 
1642 

6A3 Triode Power Amplifier M. 4D 6.3 1.0 7.0 5.0 16.0 
Class-A Amp. 250 -45 

-62 
850. 

-12.0 

0 
0 

60  

80 
80 

800 

- 

60000- 

is for 
load, plote-to-plate 

5250 4.2 2500 3.5 
15 
10 

6A3 
Class A111 Amp., 

300 
300 - - 3000" 

5000 11 

6A4 . Pentode Power Amplifier M. 58 6.3 0.3 •-•--- Class-A Amp. 180 3.9 22 2500 

one tube at 

1 Anode grid 

150 8000 1.5 6A4  

6A6 6A6 Twin Triode Amplifier M. 78 6.3 0.8 ---. ..... -•-• 
..... 

Class-B Amp. e.r 
250 
300 

--- 
Power output stated 8000 

10000 
8.0 

10.0  

6A7 -Pentagrid Converter S. 7C 6.3 0.3 8.5 9.0 0.3 Converter 250 - 3.0 

Cut-off 

100 

Grid Bias 

Ray Control Ray Control 

2.2 

= - 12 v. 

Voltage Voltage 

3.5 

0.5 

=81 for =60 for 

1_360000 (No. 2) 200 volts max. 6A7 

6A85/6N5 Electron -Roy Tube S. 6R 6.3 0.15 --- - -- Indicator Tube 180 

0° Shadow 0° Shadow 

241000 
- 

650000 

Target Current 

Angle. Target Angle. Target 

2400 
- 

-, 
1125 

2 ma. [-- 

4.0 
20 

6A115/6N5 

6AF6G 
Electron-Ray Tube 
Twin Indicator Type 

S. 7AG 6.3 0.15 -. ..-.. - Indicator Tube 135 100 current current 

58 
- 

inn. 
0.9 ma. 

7000 
10000 11 

6AF6G 

685 Direct-Coupled Power 
Amplifier 

M. 6AS 6.3 0.8 - - --..• 
Class-A Amp., 
Push-Pull Amp. 10 

300 
400 

0 
-13.0 

- 
- 

61 
4.5 4 

45 
40 

6115 

687 Duplex-Diode Pentode S. 7D 
6.3 0.3 3.5 9.5 .007 Pentode R.F. 

Amp. 
250 - 3.0 125 2.3 9.0 730 - --. 687 

6C6 Sharp Cut-off Pentode S. 6F 6.3 0.3 5 6.5 .007 R.F. Amplifier 250 - 3.0 100 0.5 2.0 1500000 1225 1500 - 6C6 

6C7 ë Duplex Diode Triode S. 7G 6.3 0.3 .-- - - Class-A Amp. 250 - 9.0 •••• - 4.5 - 20 

1600 

1250 

1280 

-- 6C7 

6D6 Variable. o Pentode S. 

S. 

6F 6.3 0.3 4.7 6.5 .007 R.F. Amplifier 250 - 3.0 100 2.0 8.2 800000 - 6D6 

61}7 I/ Sharp Cut-off Pentode 7H 6.3 0.3 5.2 6.8 .01 Class-A Amp. 250 - 3.0 100 0.5 2.0 -.- 1600 1280 - 607 

6E5 Electron-Ray Tube S. 6R 6.3 0.3 - - - Indicator Tube 250 0 - 0.25 

35(1-1- 

Target Current 4 ma. ---. 

1.6 

6E5  

6E6 6E6# Twin Triode Amplifier M. ' 78 6.3 0.6 .-- - Class-A Amp. 250 -27.5 Per plate- 18.0 1700 1- 6.0 Eio0 

6E7!‘ Variable-o Pentode S. 7H 6.3 0.3 --. -•-• -- R.F. Amplifier Characteristics same os 6U7G-Table II 6E7 

6F7 Triode Pentode S. 7E 

6R 

6.3 0.3 - - 

Triode Unit Amp. 100 - 3.0 - - 3.5 16000 500 8 -.. 
6F7 Pentode Unit 

Amplifier 
250 - 3.0 100 1.5 6.5 850000 1100 900 

6U5/6G5 Electron-Ray Tube S. 6.3 0.3 •-•-•-• - Indicator Tube 
250 
100 

Cut-off Grid Bias = -22 v. 
Cut-off Grid Bias = - 8 v. 

0.24 
0.19 

Target Current 
Target Current 

Pattern 

Current 

4 ma 
1 ma 

- 6U5/605 

6H5 Electron-Roy Tube S. 6R 6.3 0.3 - --.» ••-- Indicator Tube Some character' • s as Type 6G5-Circular 6H5 

6T5 Electron-Ray Tube S. 65 6.3 0.3 -, --. -,-.- Indicator Tube 250 Cut-off Grid Bias = - 12 v. 0.24 Target 4 ma. - 6T5 

36 Tetrode R.F. Amplifier S. 5E 6.3 0.3 3.8 9 .007 R.F. Amplifier 250 - 3.0 90 1.7 3.2 550000 1080  

1100 

595 

9.2 

 120  

1050 

- 36 

37 Triode Detector Amplifier S. 5A 6.3 0.3 3.5 2.9 2 Class-A Amp. 250 -18.0 - - 7.5 8400 - 

10000 

-- 

7600 

7000 

- 

2.5 

- 

3.4 

I 3.o i 42 

1.5- 
5.0 

37 

38 Pentode Power Amplifier S. SF 

SF 

6.3 0.3 3.5 7.5 0.3 Class-A Amp. 250 -25.0 250 3.8 22.0 100000  120  

1050 

1200 

1050 

38   

39/44 39/44 Remote Cut-ofi Pentode S. 6.3 0.3 3.8 10 .007 R.F. Amplifier 250 - 3.0 

-18.0 

-16.5 

90 1.4 5.8 1000000 

41 Pentode Power Amplifier S. 68 

68 

SC 

6.3 

6.3 

0.4 - - - Class-A Amp. 250 250 5.5 32.0 68000 2200 

2200 

 150  

220 

150 

220 

41 

42 Pentode Power Amplifier M. 0.7 - - - Class-A Amp. 250 250 

--. 

6.5 34.0 100000 _ 

52 52 Duel Grid Triode M. 
6.3 0.3 ."..- - - 

Class-A Amp.4 110 0 - 43.0 1750 3000 5.22000 

-Class-8,2 tubes, 180 0 - 3.0' 

0.4 

same os 

same as   

some as 

91000 

9500 

1500000 

800000 

Power output 

7500 

 10000  10000 

56AS Triode Amplifier S. 5A 6.3 0.4 - .-- - Class-A Amp. Characteristics 56 56AÍ 

57AS--57AS Sharp Cut-off Pentode S. 6F 6.3 0.4 - -- - R.F. Amplifier Characteristics 57 

58 

1100 
58AS Remote Cut-off Pentode S. 

S. 

6F 6.3 0.4 - - -- R.F. Amplifier ChoracterisEcs 

- 

58AS _ 
75 Duplex-Diode Triode 6G 

5A 

6.3 0.3 1.7 3.8 

2.5 

1.7 Triode Amplifier 250 - 1.35 - 100 - 75 

76 Triode Detector Amplifier S. 6.3 

' 

0.3 3.5 2.8 Class-A Amp. 250 -13.5 ---•• 5.0 1450 13.8 - 76 

77 Sharp Cut-off Pentode S. 6F 6.3 0.3 4.7 11 .007 R.F. Amplifier 250 - 3.0 100 0.5 2.3 1250 1500 - - 77 

78 Variable-µ Pentode S. 6F 6.3 0.3 4.5 11 .007 R.F. Amplifier 250 - 3.0 100 1.7 7.0 1450 1160 --. --- 78 

79 Twin Triode Amplifier S. 6H 

6G 

6.3  

6.3 

0.6 - - -- Class-B Amp. 250 0 •-••-• 10.6 1, is for one 

1100 

tube 14000 8.0 79 

85 Duplex-Diode Triode S. 0.3 1.5 4.3 1.5 Class-A Amp. 250 -20.0 -.- --• 8.0 8.3 20000 0.35   

- - 85A5 

85 

85AS Duplex-Diode Triode S. 6G 6.3 0.3 - -.-- -, Class-A Amp. 250 - 9.0 - -.- 5.5 - 1250 20 - 

89 power Amplifier Pentode S. 6e 6.3 0.4 - - •- 
Triode Amp., 250 -31.0 -. 32.0 2600 

70000t1800 

1800 4.7 5500 0.9 
3.4- 89 

Pentode Amp., 250 -25.0 250 • 5.5 32.0 125 6750 



TABLE IV-6.3 VOLT GLASS RECEIVING TUBES-Continued 

TYPO Name Base 

socket 

Comm. 
tions 

Fil. or Heater Capacitance ppfd. 

Use 
Plate . 
SuPP'T 
Volts 

Grid 
Bias 

Screen 
Volts 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
ductance 
Micremhos 

11. Amp. 
Factor Ohms 

Load 
Resistance 

Power 
Output 
Watts 

Type 
Volts Amp. In Out Plate- 

Grid 

1221 Pentode R.F. Amplifier S. 6F 6.3 0.3 ,..-• - - Class-A Amp. Special non-microphonic. Characteristics same as 6C6 1221 

1603 , Sharp Cut-off Pentode M. 6F 6.3 0.3 - - ...... Class-A Amp. Characteristics same as 6C6 1603 

5871 Beam Power Amplifier O. 7AC 6.3 0.45 9.5 7.5 0.7 Class-A Amp. 315 I - 13 1 225 I 2.2 1 34 I 77000 I 3750 I - I 8500 I 5.5 5871 

77003 Sharp Cut-off Pentode S. 6F 6.3 0.3 - ...-• -•-• Class-A Amp. Characteristics same as 6C6 7700 

*Cathode bias resistor-ohms. 
# Discontinued. 

Curren to input plate Pi). 
2 Grids Nos. 2 and 3 connected to plate. 
3 Low noise, noninicrophonic tubes. 

Gx tied to plate. 
, GI tied to G. 
Osc, grid leak ohms. 

Screen dropping resistor ohms. 
Grid No. 2, screen; grid No. 3, suppressor. 
Values for single tube. 

TABLE V- 2.5-VOLT RECEIVING TUBES 

Values fer two tubes in pus -pu . 
Plate-to-plate value. 
No signa I value. 

' 

Type Name Base 
Socket 
Connue- 
lions 

Fit. or Heater Capacitance ppfd. 

Use 
Plate 

Supply 
Volts 

Grid 
Bias 

Screen 
Volts 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
ductance 
Micromhos 

Amp. 
Farr« 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type 

Volts Amp. In Out Pe ed" 

23/45 Duodiode M. SD 2.5 1.35 ...- •-.• ...• Detector At 50 d.c. Volts per plate, cathode ma. =80 25/4S 

2A3 Triode Power Amplifier M. 4D 2.5 2.5 7.5 5.5 16.5 Class-A Amp. Characteristics same as Type 6A3, Table IV 2A3 

2A5 Pentode Power Amplifier M. 68 2.5 1.75 -- -• - 

1.7 

Class-A Amp. Characteristics same as Type 42, Table IV 2A5 

2A6 Duplex-Diode Triode S. 6G 2.5 0.8 1.7 3.8 Class-A Amp. Characteristics same as Type 75, Table IV 2A6 

2A7 Pentagrid Converter S. 7C 2.5 0.8 - - - Converter Characteristics same as Type 6A7, Table IV 2A7 

286 Direct-Coupled Amplifier M. 7J 2.5 2.25 ••-•• -. - Amplifier 250 I-24.0 I ...--. - I 40.0 I 5150 1 3500 1 WO 1 sow 1 4.0 

-Table IV 

286 

287 287 Duplex-Diode Pentode S. 7D 2.5 0.8 3.5 9.5 .007 Pentode Amp. Characteristics same as Type 687 

tià Electron-Ray Tube S. 6R 2.5 0.8 -• Indicator Tube Characteristics same as Type 635-Table IV 2E5 

bae Electron-Ray Tube S. 6E 2.5 0.8 - -• -.- Indicator Tube Characteristics same as 6U5/605-Table IV 205 

24-A Tetrode R.F. Amplifier M. SE 2.5 1.75 5.3 10.5 .007 

Screen-Grid R.F. 

Amplifier 

250 - 3.0 90 1.7 I 4.0 I 600000 1 1050 I 630 •-•-•• I -- 
24-A 

Bias Detector 250 - 5.0 20/45 Plate.current adjusted to 0.1 ma. with no signal 

27 Triode Detector-Amplifier M. SA 2.5 1.75 3.1 2.3 3 .3 
Class-A Amp. 250 -21.0 - 5.2 9250 . MUZIIIMM= 27 
Bias Detector 250 -30.0 -•-• Plate current adjusted to 0.2 ma. with no signal 

WM Remote Cut-off Pentode M. SE 2.5 1.75 5.3 10.5 .007 Screen-Grid R.F. 
Amplifier 250 - 3.0 90 2.5 6.5 400000 1050 420 ..-. - 35/51 

45 Triode Power Amplifier M. 4D 2.5 1.5 4 3 7 Class-A Amp. 275 -56.0 -• - Kam 1700 2050 3.5 II:=1.1 2.00 45 

46 Dual-Grid Power Amp. M. SC 2.5 1.75 .-••• 
Class-A Amp., 250 -33.0 .. -.. IIIIM IMEMIIIIIECIMEMB=111 1.25 46 

Class-11 Amp., 400 0 - KEI111=1111111E1=111 20-0 

47 Pentode Power Amplifier M. 58 2.5 1.75 8.6 13 1.2 Class-A Amp. 250 -16.5 250 6.0 Elm 60000 2500 MOM 7000 27 47 

33 Twin Triode Amplifier M. 78 2.5 2.0 -- - -.- Class-3 Amp. Characteristks same as Type 6A6, Table IV 53 

ss Duplex-Diode Triode S. 6G 2.5 1.0 1.5 4.3 1.5 Class-A Amp. Characteristics same as Type 83, Table IV 55 

$6 Triode Amplifier, Detector S. SA 2.5 1.0 3.2 2.4 3.2 Class-A Amp. Characteristics same as Type 76, Table IV 56 

37 Sharp Cut-off Pentode S. 6F 2.5 1.0 ..- ...- R.F. Amplifier 250 - 3.0 100 0.5 2.0 1366600 IŒEMILEZIIIII=. 57 

5$ Remote Cut-off Pentode S. 6F 2.5 1.0 4.7 6.3 .007 
Screen-Grid R.F. 
Amour 250 - 3.0 100 2.0 8.2 800000 1600 1280 -• 58 

52 Pentode Power Amplifier M. 7A 2.5 2.0 
Class-A Triode , 250 -28.0 -. •-• IIMMIKEZI 2600 IICIZ 5000 1.25 

59 
Class-A Pentode ' 250 -18.0 250 9.0 Bum 40000 mu:maul 6000 3.0 

56011A Twin Triode M. 78 2.5 2.0 - Class-A Amp., 300 - 6 - - MIMI MO° IIEMMZE/11111=111 - 56086 - 

«13 Triode Power Amplifier M. 4D' 2.5 1.75 - Characteristics same as Type 46 with Class-B connections RK15 

111216 Triode Power Amplifier M. SA 2.5 2.0 - Characteristics same as Type 59 with Class-A triode connections RK16 

RK17 Pentode Power Amplifier M. SF 2.5 2.0 -- Characteristics same as Type 2A5 51(17 

'Grid connection to cap; no connection to No. 3 pin. 
2 Grid No. 2 tied to plate. 

3 Grids Nos. 1 and 2 tied together. 
Grids Nos. 2 and 3 connected to plate„ 

3 Grid No. 2, screen; grid No. 3, suppressor. 
Valves each section. 



TABLE VI- 2.0-VOLT BATTERY RECEIVING TUBES 

Type Name Base 
Socket 
Connec- 
lions 

Filament Capacitance mgfd. 

Use 
..Plat? 
»poly 
Volts 

Grid al_" 
" . 

Screen 
' ...,.. Cuitent 
""'' 

Screen 

Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
ductance 
Micromhos 

A 
 Amp. 
Factor 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Typo 
Volts Amp. In Out Plate- 

Grid 

1A4P Variable-g Pentode S. 4M 2.0 0.06 5 II .007 R.F. Amplifier 180 - 3. 67.5 0.8 2.3 1000000 750 750 .- -= IA4P 
1A4T Variable-g Tetrode S. 4K 2.0 0.06 5 II .007 R.F. Amplifier 180 - 3.0 67.5 0.7 2:3 960000 750 720 IA4T 
1A6 Pentagrid Converter S. 6L 2.0 0.06 -=-.. =... ..... Converter 180 - 3. 67.5 2.4 1.3 500000 Anode grid (No. 2) 180 max. volts 1A6 

184/951 Pentode R.F. Amplifier S. 4M 2.0 0.06 5 II .007 R.F. Amplifier 
180 
90 

- 3.0 
-• 3.0 

67.5 
67.5 

0.6 
0.7 

1.7 
1.6 

1500000 
1000000 

650 
600 

1000550 ....._ 184/951 

185/255 Duplex-Diode Triode S. 6M 2.0 0.06 1.6 1.9 3.6 Triode Class-A 135 - 3.0 - 0.8 35000 575 20 - ..=.=, 185/255 

IC6 Pentagrid Converter S. 6L 2.0 0.12 10 10 ..- Converter 180 - 3.0 67.5 2.0 1.5 750000 Anode grid (No. 2) 135 max. volts 106 

IF4 Pentode Power Amplifier M. SK 2.0 0.12 -•-• - •-•-• Class-A Amp. 135 - 4.5 135 2.6 8.0 200000 1700 I 340 16000 0.34 1F4 

IF6 Duplex-Diode Pentode S. 6W 2.0 0.06 4 9 
R.F. Amplifier 180 - 1.5 67.5 0.6 2.0 1000000 650 I 650 ..=- - 

1F6 .007 
A.F. Amplifier 135 - 1.0 135 Plate, 0.25 megohm; screen, 1.0 magehm Amp. =48 

15# Sharp Cut-off Pentode S. SF 2.0 0.22 2.3 7.8 0.01 R.F. Amplifier 135 - 1.5 67.5 0.3 1.85 800000 1_ 750 600 - 15 

19 Twin-Triade Amplifier S. 6C 2.0 0.26 -.-. •=-. -•-• Class-8 Amp. 135 0 - -= •-• Load plate-to-plote 10000 2.1 19 

30 Triode Detector Amplifier S. 4D 2.0 0.06 - -• - Class-A Amp. 180 -13.5 - «., 3.1 10300 900 9.3 =•-• -• 30 

31 Triode Power Amplifier S. 4D 2.0 0.13 3.5 2.7 5.7 Class-A Amp. 180 -30.0 12.3 3600 1050 3.8 5700 0.375 31 

32 Sharp Cut-off Pentode M. 4K 2.0 0.06 5.3 10.5 .015 R.F. Amplifier 180 - 3.0 67.5 0.4 1.7 1200000 650 780 -• - 32 

33 Pentode Power Amplifier M. 5K 2.0 0.26 8 12 1 Class-A Amp. ' 180 -18.0 180 5.0 22.0 55000 1700 90 6000 1.4 33 

34 Variable-g Pentode M. 4M 2.0 0.06 6 II .015 R.F. Amplifier 180 - 3.0 67.5 1.0 2.8 1000000 620 620 - -• 34 

49 Dual-Grid Power Amp. M. SC 2.0 0.12 
Class-A Amp., 135 -20.0 - - 6.0 4175 1125 4.7 11000 0.17 

49 
Class-8 Amp., 180 0 - - Power output for 2 tubes 12000 3.5 

840 Pentode S. 5.1 2.0 0.13 - - Class-A Amp. 180 - 3.0 67.5 0.7 1.0 1000000 400 400 -• - 840 

950 Pentode Power Amplifier M. 5K 2.0 0.17 - •••••-• Class-A Amp. 135 -16.5 135 to 7.0 100000 1000 125 13500 0.575 950 

RK24 Triode M. 4D 2.0 0.12 - - Class-A Amp. 180 -13.5 .....= --• 8.0 5000 1600 8.0 12000 0.25 RK24 

1229 Tetrad. M. 4K 2.0 0.06 - - - Special 
Special 

Type 32 for low grid-current applications 1229 

1230 Triode M. 4D 2.0 0.06 3.0 2.1 6.0 Type 30 for low grid-current applications 1230 

Discontinued. ' Grid No. 2 tied to plate. Grids Nos. 1 and 2 tied together. 

TABLE VII- 2.0- VOLT BATTERY TUBES WITH OCTAL BASES 

TYP• Name 
Socket 
Connec- 

Hens 

Filament Capacitance µµfd. 

Use 
Plate 
Supply 
Volts 

G rid 
Bias 

Screen 
Volts 

Screen 
Current 
Mo. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
ductance 
Micromhos 

Amp. 
F„,,i0,, 
-' 

Load 
Resistance 
Ohms 

Powor 
Output 
Watts 

Type 

Volts Amp. In Out 
Plate- 
Grid 

1C7G Heptode 7Z 2.0 0.06 10 14 0.26 Converter Characteristics same as Type 106-Table VI IC7G 

IDSGP Variable-g Pentode SY 2.0 0.06 5 11 .007 R.F. Amplifier Characteristics same as Type 1A4P-Table VI 11D5GP 

IDSGT # Variable-g Tetrode SR 2.0 0.06 - -.. -.- R.F. Amplifier 180 I - 3.01 67.5 1 0.7 I 2.2 I 600000 I 650 I I 1 1 DSGT 

111:17G Pentagrid Converter 7Z 2.0 0.06 10.5 9.0 0.25 Converter Characteristics same as Type 1A6-Table VI 1D7G 

lESGP Pentode Amplifier SY 2.0 0.06 5 11 .007 R.F. Amplifier Characteristics same as Type 184-Table VI 1E5GP 

1E7G Double Pentode Power Amp. BC 2.0 0.24 ...- .- - Class-A Amplifier 135 I - 7.51 133 1 2.0 1 1 6.51 I 220000 I 1600 I 350 I 24000 j 0.65 1E7G 

MG Pentode Power Amplifier 6X 2.0 0.12 -=-- -- •- Class-A Amplifier Characteristics same as Type 1F4-Table VI 1F5G 

1F7G 1 Duplex-Diode Pentode 7AD 2.0 0.06 3.8 9.5 0.01 Detector-Amplifier Characteristics some as Type 1F6-Table VI 1F7G 

1GSG Pentode Power Amplifier 6X 2.0 0.12 -- -,-.. •••.- Class-A Amplifier 135 I -13.51 135 I 2.5 1 8.7 I 160000 I 1550 I 250 I 9000 I 0.55 1G5G 

1H4G Triode Amplifier SS 2.0 0.06 - - «••••- Detector-Amplifier Characteristics same as Type 30-Table VI 1H40 

1H6G Duplex-Diode Triode 7AA 2.0 0.06 1.6 1.9 3.6 Detector-Amplifier Characteristics same os Type IBS-Table Vi IH6G 

IJSG # Pentode Power Amplifier 6X 2.0 0.12 - -, Class-A Amplifier 135 I -16.51 135 I 2.0 I 7.0 I ..= I 950 1 100 I 13500 1 0.45 1J5G 

1J6GT Twin Triode 7A8 2.0 0.24 --. -•-= .- Class-8 Amplifier Characteristics same as Type 19-Table VI 1J6G 

4A6G Twin Triode 8L 
2.0 

4.0 

0.12 

0.06 

Class-A, 1 section 90 - 1.5 - 1.1 26600 750 20 
4A6G 

Class-B, 2 sections 90 - 1.5 - -.- 10.8 , woo 1 1.o 

e Discontinued. 1Total current for both sections; no signal. Type GV has 7AF base. 1Max signal. 



I MOLL VIIi 1.7.1/%11.11 rm..••••tcal s 

See also Table X for Special 1.4-volt Tubes 

Type Name Base 

Socket 

Connec- 
lions 

Filament Capacitance Md. 

Use 
Plate 
Supply 
Volts 

Grid 
Bias 

Screen 
Volts 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Tr . 
ductance 
Micromhos 

A__. 

Factor 

Load 
Resistance 
Ohms 

Power 
Output 
M-watts 

Type. 
Volts Amp. In Out 

Plate- 
cwid 

1A5GT Pentode Power Amplifier O. 6X 1.4 0.05 ..- - - Class-As Amp. 90 -4.5 90 0.8 4.0 300000 850 240 25000 115 1 ASGT 

1A7GT Pentagrid Converter O. 7Z 1.4 0.05 
Osc. Grid leak 

20000011 
Converter 90 0 45 0.7 0.6 600000 250 Anode-grid 

volts 90 
.._ 1A7GT 

1 A115 pentode R.F. Amplifier L. SBF 1.2 0.05 2.8 4.2 0.25 R.F. Amplifier 
90 0 90 0.8 3.5 275000 1100 

... -- I ABS 
150 -1.5 150 2.0 6.8 125000 1350 

11170T # Heptode O. 7Z 1.4 0.1 - •- Converter 90 0 45 1.3 1.5 350000 Grid No. 1 resistor 200,000 ohms IB7GT 

1811GT Diode Triode Pentode O. 8AW 1.4 0.1 -•-• -.- -..- 
Triode Amplifier 
Pentode Amp. 

90 
90 

0 
-6.0 

-.--• 
90 

- 
1.4 

0.15 
6.3 

240000 
-,-. 

275 
1150 

-•-• 
•-•-• 14000 

-. 
210 1B8GT 

1C5GT Pentode Power Amplifier O. 6X 1.4 0.1 - - - Class-Az Amp. 90 -7.5 90 1.6 7.5 115000 1550 165 8000 240 ICSGT 

1D8GT Diode Triode Pentode O. 8AJ 1.4 0.1 ... - -• Triode Amp. 
Pentode Amp. 

90 
90 

0 
-9.0 

--- 
90 1.0 

1.1 
5.0 

43500 
200000 

575 
925 

25 
- .... 

..---. 
1D8GT 

1E4G Triode Amplifier 0. 55 1.4 0.05 2.4 6 2.40 Class-A Amp. 
90 
90 

0 
-3.0 .'" - 

4.5 
1.5 

11000 
17000 

1325 
825 

14.5 
14 

-..-. - 1E4G 

1G4GT Triode Amplifier 0. 55 1.4 0.05 2.2 3.4 2.80 Class.A Amp. 90 -6.0 2.3 10700 825 8.8 -• - 1G4GT 

1G6GT Twin Triode O. 7All 1.4 0.1 
Class-A Amp. 90 0 -• 1.0 45000 675 30 - - 

1G6GT 
Class-B Amp. 90 0 -•• - 1/7 34 vol s input per grid 12000 675 

1115GT Diode High-µ Triode 0. SZ 1.4 0.05 1.1 6 100 Class-A Amp. 90 0 -•••••• 0.14 240000 275 65 - -.- 1H5GT 

1LA4 Pentode Power Amplifier L. SAD 1.4 0.05 -.-- - -,. Class-A Amp. 90 Characteristics some as 1A5GT ILA4 

1LA6 Pentagrid Converter L 7AK 1.4 0.05 
Osc. Grid leak 

20000011 Converter 90 0 45 0.6 0.55 750000 250 Anode Grid Volts 90 ILA6 

11.64 Pentode Power Amplifier L. SAD 1.4 0.05 - - Class-A Amp. 90 -9 90 1.0 5.0 200000 925 - 1 12000 1 200 1LB4 

1136 Septode Converter L. 8AX 1.4 0.05 - - -» Converter 90 0 67.5 2.2 0.4 Grid No. 4-67.5 v., No. 5-0 v. 1LB6 

1LCS Remote Cut-off Pentode L 7A0 1.4 0.05 3.2 7 .007 R.F. Amplifier 90 0 45 0.2 1.15 1500000 775 - - 1LCS 

ILC6 Pentagrid Converter L 7AK 1.4 0.05 
Ose. Grid leak 

2000001I 
Converter 90 0 35 i 0.7 0.75 650000 275 Anode Grid Volts 45 ILC6 

ILDS Diode Pentode L. 6AX 1.4 0.05 3.2 6 0.18 Class-A Amp. 90 0 45 0.1 0.6 950000 600 .....• -». - 1LDS 

1113 Triode Amplifier L. 4AA 1.4 0.05 1.7 3 1.70 Class-A Amp. 99: -: -«.. .-... 
4.5 
1.3 

11200 
19000 

1300 
760 

14.5 -• 1LE3 

ILF3 Triode L. 4AA 1.4 0.05 1.7 3 1.7 Class-A Amp. 90 -3 - - 1.4 - 760 14.5 ---• ,...,-- ILF3 

1LOS Pentode R.F. Amp. L 7A0 1.4 0.05 - - -• Class-A Amp. 90 0 45 0.4 1.7 1000000 800 -.. ••••• 1LG5 

1104 Diode High-µ Triode L SAG 1.4 0.05 1.1 6 1.00 Class-A Amp. 90 0 •-•-•» -.• 0.15 240000 275 65 - •••••»- 1LH4 

1015 Remote Cut-off Pentode L 7A0 1.4 0.05 3.4 8 .007 Class-A Amp. 90 0 90 0.3 1.2 1500000 750 --- --.» --. ILN5 

1NSGT Remote Cut-off Pentode O. SY 1.4 0.05 3 10 .007 Class-A Amp. 90 0 90 0.3 1.2 1500000 750 1160 1N5GT 

1N6G # Diode-Power-Pentode O. 7AM 1.4 0.05 - - --• Class-A Amp. 90 -4.5 90 0.6 3.1 300000 800 --- 25000 100 1N6G 

1PSGT Pentode O. SY 1.4 0.05 3 10 .007 R.F. Amplifier 90 0 90 0.7 2.3 800000 800 640 - - 1PSGT 

ICISGT Telrode Power Amplifier O. 6AF 1.4 0.1 -. - - Class-A Amp. 
85 
90 

-5.0 
_4.0 

85 
90 

1.2 
1.6 

7.2 
9.5 

70000 
75000 

1950 
2100 - 

9000 
8000 

250 
270 

,,,,.,. 
•'"'"'"• 

184/1294 U.h.f. Diode L 4AH 1.4 0.15 - - - Rectifier Max. r.m.s. voltage per plate-30 Max. d.c. output current-340 pa. 1R4/1294 

ISAAGT Medium Cut-off Pentode O. 6CA 1.4 0.05 5.2 8.6 0.01 R.F. Amplifier 90 0 67.5 0.68 2.45 800000 970 - - ISAAGT 

ISUOT Diode Pentode O. 6CB 1.4 0.05 3.2 3 0.25 
Class-A Amp. 90 0 67.5 0.38 1.45 700000 665 - .-- - 

1SB6GT 

R.C. Amplifier 90 0 90 Screen resis or 5 meg., grid 10 meg. I meg. 1103 

ITSGT Beam Power Amplifier O. OAF 1.4 0.05 4.8 8 0.50 Class-A Amp. 90 -6.0 90 1.4 6.5 --.• 1150 •-• 14000 170 1T5GT 

367/1291 U.h.f. Twin Triode L. 78E 2.8 3 0.11 1.4 2.6 2.6 Class-A Amp. 90 0 5.2 11350 1850 21 -.. 387/1291 

1293 U.h.f. Triode L 4AA 1.4 0.11 1.7 3.0 1.7 Class-A Amp. 90 0 -. 4.7 10750 1300 14 ,- -.- 1293 

3D6/1299 U.h.f. Tetrode L ABB 2.8 i 0.11 7.5 6.5 0.30 Class.A Amp. 135 -6 90 0.7 5.7 -.. 2200 - 13000 500 3D6/1299 

3E6 R.F. Pentode L. 70 
1.4 
2.8 

0.10 5.5 
0.05 

7.5 0.007 Class.A Amp. 90 0 90 1.3 3.8 300000 2100 •••• -- 3E6 

RK42 Triode Amplifier S. 40 1.5 01 ...... - - Class-A Amp. Characteristics same as Type 30-Table V 
- 

RK42 

RK43 Twin Triode Amplifier S. 6C 1.5 0.12 - - Class-A Amp. 135 -3 - 4.5 I 14500 j 900 13 1 -- RK43 

# Discontinued. 'Through series resider. Screen voltage must be at least 10 volts lower than oscillator anode. Voltage gain. Center-tap filament permits 1.4- volt operation. 



TABLE IX- HIGH-VOLTAGE HEATER TUBES 

TIP, Name Base 
Socket 
Connec-
hens 

Heater Capacitance add. 

Use 

Plate 
Supply 
Volts 

GBirais e 
Vd Scroletsn 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
ductance 
Micromhos 

Amp. 
F., ,or 

'' 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type 
Volts Amp. In Out Plate- 

Grid 

2C52 High-zz Twin Triode O. tiliD 12.6 0.3 2.3 0.75 2.7 Class-A Amp. 250 -2 ...- - 1.3 - 1900 100 - -.--- 2C52 

12A5 a Pentode Power Amplifier M. 7F 12.6 
6.3 

0.3 
0.6 9.0 9.0 0.3 Class-Ai Amp.' 

100 
180 

-IS 
-25 

100 
180 

3/6.5 
8/14 

17/19 
45/48 

50000 
35000 

1700 
2400 

........ 

.-. 
4500 
3300 0.8 

3.4 12A5 

12A6 

.1-1A7 

Beam Power Amplifier O. 7AC 12.6 0.15 - ...=. Class-A Amp. 250 -12.5 250 3.5 30 70000 3000 - 7500 3.4 12A6 
Rectifier-Amplifier M. 7K 12.6 0.3 .- -••• Class-A Amp. 133 -13.5 135 2.5 9.0 102000 975 100 13500 0.55 12A7 

12A8GT Heptocle O. 8A 12.6 0.15 9.5 12 0.26 Converter Characteristics same as 6A8-Table I 12A8GT 
12A1f7GT Twin Triode 0. 811E 12.6 0.15 Each Triod• Sect. Class-A Amp. 180 - 6.5 •-.--• •••••••= 7.6 8400 1900 16 -.• 12AH7GT 
12116M Diode Triode O. 6Y 12.6 0.15 - - -• Class-A Amp. 250 - 2.0 =-. •-•--. 0.9 91000 1100 100 -• ... 1216M 
1217ML Pentode Amplifier O. 8V 12.6 0.15 - - Class-A Amp. 250 - 3.0 100 2.6 9.2 800000 2000 .--• -.. -.. 1217ML 

1281GT f Triode-Pentode O. 8T 12.6 0.3 Triode Se tien 
Pentode Section 

Class-A Amp. 
Class-A Amp. 

100 
100 

- 1 
- 3 

- 
100 

-• 
2 

0.6 
8 

73000 
170000 

1500 
2100 

110 
360 

- 
...... 

.-= 

.- 12118GT 

1201 Duplex-Diode Pentode 0. 8E 12.6 0.15 6 9 .005 Class-A Amp. Characteristics same as 618-Table I 12C8 
12fzSGT Triode Amplifier O. 6Q 12.6 0.15 3.4 5.5 2.60 Class-A Amp. 250 -13.5 --.• -. r 50 - 1450 13.8 -. - 12E5GT 
12F5GT Triode Amplifier O. 5M 12.6 0.15 1.9 3.4 2.40 Class-A Amp. Characteristics same os 6SF5-Table I 12F5GT 
12G7G Duplex-Diode Triode 0. 7V 12.6 0.15 -.. --. •-•-•-• Class-A Amp. 250 1 - 3.01 .-. 1 - I -- I 58000 1 1200 J 70 -• I 12G7G 
12186 Twin Diode O. 712 12.6 0.15 -. ••••••= =..... Rectifier Characteristics same as 6H6-Table I 12H6 
12J5GT Triode Amplifier O. 6Q 12.6 0.15 3A 3.6 3.40 Class-A Amp. Characteristics same as 6J5-Table I 12J5GT 
1WGT Sharp Cut-off Pentode O. 71 12.6 0.15 4.2 5.0 3.8 Class-A Amp. Characteristics same as 6J7-Table I 12J7GT 
12117GT Remote Cut-off Pentode O. 71 12.6 0.15 4.6 12 005 R.F. Amplifier Characteristics same as 6K7-Table I 12K7GT 
i2K8 Triode Hexode Converter 0. 8K 12.6 0.15 -• - - Converter Characteristics same as 6K8-Table I 12K8 
12L8GT Twin Pentode O. 811U 12.6 0.15 5 6 0.70 Class-At Amp. 180 1 - 9.0 I 180 2.8 1 13.0 1 160000 I 2150 I - 1 10000 1 1.0 12L8GT 
1207GT Duplex-Diode Triode 0. 7V 12.6 0.15 2.2 5 1.60 Class-A Amp. Characteristics same as 607-Table I 12Q7GT 
12511GT Triple-Diode Triode O. 8CB 12.6 0.15 2.0 3.8 1.2 Class-A Amp. 250 1 - 2.01 - 1 - 1 0.9 I 91000 1 1100 1 100 1 ••••-• I ..-. 1258GT 
USA? Heated, O. 8R 12.6 0.15 9.5 12 0.13 Converter Characteristics same as 65A7-Table I 12SA7 
125C7 Twin Triode 0. 85 12.6 0.15 2.2 3.0 2.0 Class-A Amp. Characteristics same as 6SC7-Table I 125C7 
12SFS High-µ Triode O. 6AB 12.6 0.15 4 3.6 2.40 Class-A Amp. Characteristics same as 6SFS-Table I 125F5 
125F7 Diode Variable-µ Pentode O. 7AZ 12.6 0.15 5.5 6.0 .004 Class-A Amp. Characteristics same as 65F7-Table I 125F7 
USG? Medium Cut-off Pentode O. 1111K 12.6 0.15 8.5 7.0 .003 Class-A Amp. Characteristics same as 6507-Table I 12507 
12017 Sharp Cut-off Pentode 0. 88K 12.6 0.15 8.5 7.0 .003 H-F Amplifier Characteristics same os 65H7-Table I 125/17 
1251/ Sharp Cut-off Pentode O. 8N 12.6 0.15 - - - Class-A Amp. Characteristics same as 65.17-Table I 12SJ7 
125K7 Remote Cut-off Pentode O. EN 12.6 0.15 6.0 7.0 .003 R.F. Amplifier Characteristics same as 651(7-Table I 1251(7 
1251.7GT Twin Triode O. 880 12.6 0.15 - - -.-» Class-A Amp. Characteristics same as 6SL7GT-Table II 12SL7GT 
12510GT Twin Triode 0. BID 12.6 0.3 .-. --. -• Class-A Amp. Characteristics same as 65N7GT-Table II 1251170r 
12507 Duplex-Diode Triode O. 8Q 12.6 0.15 3.2 3.0 1.60 Class-A Amp. Characteristics same as 6507-Table I 1251:17 
i2S1t7 Duplex-Diode Triode O. 11Q 12.6 0.15 3.6 2.8 2.40 Class-A Amp. Characteristics same as 6R7-Table I 12517 
125W7 Duplex-Diode Triode O. 8Q 12.6 0.15 3.0 2.8 2.4 Class-Az Amp. 250 - 9 - 9.5 8500 1900 16 -. •-• 12SW7 
i25X7 Twin Triode O. 810 12.6 0.3 3.0 0.8 3.6 Class-Az Amp.' 250 - 8 -. -. 9 7700 2600 20 -. ... 125X7 

$2531 Heptode Converter O. 8R 12.6 0.15 Osc.-Grid leak 
20000 ohms 

Converter 250 - 2 100 8.5 3.5 1000000 450 ....= 12SY7 

12V6GT Beam Pentode O. 7AC 12.6 0.225 9 7.5 0.7 Class-A Amp. 315 -13 225 2.2/6 34/35 80000 3750 •=-..- 8500 5.5 12V6GT 
14A4 Triode Amplifier L. SAC 14 0.16 3.4 3.0 4.00 Class-A Amp. Characteristics same as 7A4-Table III 14A4 
14A5 Beam Power Amplifier L. 6AA 14 0.16 - - .-• Class-At Amp. 250 -12.5 250 3.5/5.5 30/32 70000 3000 7500 2.8 14AS 
14A7 I 
nwi • Remoto Cat-off Pentode L 8V 14 0.16 6.0 7.0 .005 Class-A Amp. 250 - 3.0 100 2.6 9.2 800000 2000 ...-. -• i1248A77/ 

I4AF7 Twin Triode L 8AC 14 0.16 2.2 1.6 2.30 Class-A Amp. 250 -10 ••••-= .-, 9 7600 2100 16 -• 14AF7 
MI6 Duplex-Diode Triode L evi 14 0.16 - - Class-A Amp. Characteristics s me as 7116-Table III 1416 
1410 Pentomid Converter L 8X 14 0.16 Ic2 =4 Mo. Converter Characteristics same as 718-Table Ill 1488 
NU Seam Power Amplifier L 6AA 14 0.24 .-.- -. -, Class-A Amp. Characteristics same as 6V6-Table I 14C5 
14C7 Re. Pentode L 8V 14 0.16 6.0 6.5 .007 Class-A Amp. 250 I - 3.0 1 100 J 0.7 I 2.2 1000000 I 1575 1 -•-• I .•-•• 1 14C7 



TABLE IX-HIGH-VOLTAGE HEATER TUBES-Continued 

Type Name Base 
Socket 
Conn«. 
lions 

Heater Capacitance µAd. 
Plate 
Supply 
Volts 

Grid 
Bias 

S n 
Volts 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
ductance 
Micromhos 

Amp. 

Factor 

Load 
Resistance 
Ohms 

Power 
Output Wan. 

- - 

Type 
Volts Amp. In Out 

Plate- 
Gdd 

14E6 Duplex-Diode Triode L. 8W 14 0.16 ...=. -.- -.• Class-A Amp. Characteristics same as 786-Table III 14E6 
14E7 Duplex-Diode Pentode L CAE 14 0.16 4.6 5.3 .005 Class-A Amp. Characteristics same as 7E7-Table Ill 14E7 
14F7 Twin Triode L. SAC 14 0.16 - - ...... Class-A Amp. Characteristics same as 7F7-Table Ill 14F7 
14F8 Twin Triode L. 88W 12.6 0.15 2.8 1.4 1.2 Class-At Amp. Characteristics same as 7F8 14F8 

1017 Semi-Voriable-m Pentode L. 8V 14 0.16 8.0 7.0 .007 Class-A Amp. 250 1 - 2.5 1 130 .1 3.5 1 9.5 j 8000001 3800 - -• 14H7 
14J7 Triode-Hexode Converter L. CIL 14 0.16 1st =5 Ma. Converter Characteristics same as 7J7-Table III 14J7 
14N7 Twin Triode L. BAC 14 0.32 - - - Class-A Amp. Characteristics same as 7N7-Table III 14N7 

1407 Heated, Pentagrid 
Converter L BAL 14 0.16 .-. - •.-.. Converter Characteristics same as 707-Table Ill 1407 

14R7 Duplex-Diode Pentode L. SAE 14 0.16 5.6 5.3 .004 Class-A Amp. Characteristics same as 7117-Table Ill 14R7 
1457 Triode Heptode L. 881. 14 0.16 1st =5 Ma. Converter 250 - 2.0 100 3 1.8 1250000 525 - -... -. 1457 

14V7 H.f. Pentode L 8V 14 0.24 - -. -. Class-A Amp. 300 - 2.0 150 3.9 9.6 300000 5800 -• -• 14V7 

14W7 Pentode L. 88J 14 0.24 Rk = 160 ohms Class-A Amp. 300 - 2.2 150 3.9 10 300000 5800 .= -.- 14W7 

14X7 Twin Diode Triode L 88Z 12.6 0.15 •••••• ... •••••-• Class-A Amp. 250 - 1 - - 1.9 - 1500 100 -. .- 14X7 
18 Pentode M. 68 14 0.30 •-• -.- ..=... Class-A Amp. Characteristics same as 6F60 18 

1911G6G Beam Power Amp. O. SIT 18.9 0.3 11 6.5 0.65 Deflection Amp. 400 Peak surge Ep...4000 V. Peak surge EG = - 100 V. 102..6 ma. P=70 mo. 19806G 
20.180M Triode Hosted, Converter O. 8H 20 0.15 .- - - Converter 250 - 3.0 100 3.4 1.5 Triode Plate (No. 6) 100 v. 1.5 ma. 20.180M 

21A7 Triode Hexode Converter L CAR 21 0.16 .-= -• ,- Converter 
250 
150 

-3.0  
- 3.0 100 T 

2.8 
ode 

1.3 
3.5 

- 
•-•-• 19tXl 32 -.. •-• 21A7 

25A6 Pentode Power Amplifier O. 7$ 25 0.3 8.5 12.5 0.20 Class-A Amp. 135 -20.0 135 8 37 35000 2450 85 4000 2.0 25A6 
25A7Gr° Rectifier Power Pentode O. 8F 25 0.3 - -. - Class-A Amp. 100 -15.0 100 4 20.5 50000 1800 90 4500 0.77 25A7GT 

25ACSOT Triode P011/111, Amplifier O. 60 25 0.3 .-. ..... Class-A Amp. 
110 +15.0 -. - 45 ... 3800 58 2000 2.0 

25AC.5GT 
165 Used in dynamic-coupled circuit with 6AFSG driver 3500 3.3 

25AVSGT Beam Pentode O. 6CK 25 0.3 - - - Herz. Def. Amp. 250, -50, 175° - 100, Peak pos. plate pulse =4500 volts 25AVSGT 
2585 • Direct-Coupled Triodes S. 60 23 0.3 .-. - .---• Class-A Amp. 110 0 110 7 45 11400 1 2200 25 2000 2.0 2585 
25860 ° Pentode Power Amplifier O. 7$ 25 0.3 ..... ......= -- Class-A Amp. 93 -13.0 95 4 45 -.-. 1 4000 - 2000 1.75 25860 
258110T ° Triode Pentode O. ST 25 0.15 - ..... ---- Class-A Amp. Characteristics same as 12B8GT 25880T 

25111:MGT Beam Pentode O. 6AM 25 0.3 - -• - Deflection Amp. 250 47* 150 2.1 45 - 5500 --• - -.--• 25111260T 
ZSC60° Beam Power Amplifier O. 7AC 25 0.9 - - - Class-Ai Amp. 135 -13.5 135 3.5/11.5 58/60 9300 7000 - 2000 3.6 25C60 

25CD60 Seam Pentode O. SIT 25 0.6 26 10 1.0 Deflection Amp. 500 Peak Pos. Puls•=6000 volts. EG2=170 4=92 ma. 102=15.5 ma. 25CD6G 

25150F Diode Triode Pentode O. CAF 25 0.15 - 
Triode Amp. 100 - 1.0 -.- --. 0.5 91000 1100 100 -• ....--. 

23D8GT 
Pentode Amp. 100 - 3.0 100 2.7 8.5 200000 1900 .- - ....- 

251.6 Beam Power Amplifier O. 7AC 25 0.3 16 13.5 0.30 Class-Ai Amp. 110 - 8.0 110 3.5/10.5 45/48 10000 8000 80 2000 2.2 25L6 
25N605 Direct-Coupled Triodes 0. 7W 25 0.3 - ..... -. Class-A Amp. 110 0 110 7 45 11400 2200 25 2000 2.0 25N60 

26A7GT Twin Beam-Power Audio 
Amplifier O. 8BU 26.5 0.6 Each Unit 

Push-Pull 
Class-A Amp. 26.5 - 4.5 26.5 2/5.5 20/20.5 2500 5500 -- 1500 0.2 

26A7GT 
Class-AB Amp. , 26.5 - 7.0 26.5 2/8.5 19/30 ..- - - 2500 4 0.5 

32170T Diode-Beam Tetrode O. 8Z 32.5 0.3 - - - Class-A Amp. 110 - 7.5 110 3 40 15000 6000 -- 2500 1.5 32L7GT 
35A3 Beam Power Amplifier L. 6AA 35 0.15 ..-. - - Class-Al Amp. 110 - 7.5 110 3/7 40/41 14000 5800 - 2500 1.5 35A5 
35L6GT Beam Power Amplifier O. 7AC 35 0.15 13 9.5 0.80 Class-A1 Amp. 110 - 7.5 110 3/7 40/41 13800 5800 -.-. 2500 1.5 35L6GT 
43 Pentode Power Amplifier M. 66 25 0.3 8.5 12.5 0.20 Class-A Amp. 95 -15.0 95 4.0 20.0 45000 2000 90 4500 0.90 43 
48 , Tetrode Power Amplifier M. 6A 30 0.4 - - ......, Class-A Amp. 96 -19.0 96 9.0 52.0 - 3800 - 1500 2.0 48 
50A5 Beam Power Amplifier L. 6AA 50 0.15 -. ... - Class-Ai Amp. 110 - 7.5 110 4/11 49/50 10000 8200 - 2000 2.2 SOAS 
50C6GT Beam Power Amplifier O. 7AC 50 0.15 - - -• Class-Ai Amp. 135 -13.5 135 3.5/11.5 58/60 9300 7000 - 2000 3.6 SOC6GT 
SOL6GT Beam Power Amplifier O. 7AC 50 0.15 - - -, Class-A Amp. 110 - 7.5 110 4/11 49/50 8200 82 2000 2.2 50L6GT 
70A7GT Dlode-Beam Tetrode O. 8ABI 70 - 0.15 - - Class-A Amp. 110 - 7.5 110 3.0 40 -• 5800 80 2500 1.5 70A7GT 
701,70T Diode-Beam Tetrode O. 11AA 70 0.15 - Class-Ai Amp. 110 - 7.5 110 3/6 40/43 15000 7500 - 2000 1.8 70L7GT 

" 717Cer/ 117M7GT Rectifier-Amplifier O. SAO 117 0.09 .-.- - Class-A Amp. 105 - 5.2 105 4/5.5 43 17000 5300 4000 0.85 
117L7GT/ 
117M7GT 

117N7GT Rectifier-Amplifier O. 8AV 117 0.09 - - Class-A Amp. 100 - 6.0 100 5.0 51 160001 7000 3000 1.2 117N7GT .- 



TABLE IX- HIGH-VOLTAGE HEATER TUBES- Continued 

Type Name Base 
Socket 
Conn-ote 
lions 

Heater Capacitance aafd. 

Use 
Plate 
Supply 
Volts 

G rid 
Bias 

Screen 
Volts 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
ductance 
Micrornhos 

Amp. I 

F I 
a< °` 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type 
Volts Amp. In Out 

Plate- 
Grid 

I I7P7GT Rectifier-Amplifier O. 8AV 117 0.09 -. •- Class-A Amp. 105 - 5.2 105 4/5.5 43 17000 5300 - 4000 0.85 117P7GT 
1280 Pentode L. 8V 12.6 0.15 6.0 6.5 0.007 Class-A1 Amp. Same as 14C7 (Special Non-microphonic) 1280 
1284 U.h.f. Pentode L. 8V 12.6 0.15 5.0 6.0 0.01 Class-A Amp. 250 - 3.0 100 2.5 9.0 800000 2000 - I ---. - 1284 
1629 Electron-Ray Tube O. 6RA 12.6 0.15 - -• •-»-•-• Indicator Tube Characteristics same as 6E5-Table IV 1629 
1631 Beam Power Amplifier O. 7AC 12.6 0.45 - - Class-A Amp. Characteristics some as 616-Table I 1631 
1632 Beam Power Amplifier O. 7AC 12.6 0.6 -.• •.- - Class-A Amp. Characteristics same as 2516 1632 
1633 Twin Triode O. BBD 25 ' 0.15 - ,..- -• Class-A Amp. Characteristics scone as 6SN7GT-Table II 1633 
1634 Twin Triode O. 8S 12.6 0.15 -..- -•-• Class-A Amp. Characteristics same as 65C7-Table I 1634 
1644 Twin Pentode O. Fig. 7 12.6 0.15 --» - - Class-A Amp. 180 - 9.0 180 2.8/4.6 13 160000 2150 - 10000 1.0 1644 
XXD/ 
14AF7 Twin Triode L BAC 12.6 0.15 - ---. - Class-A Amp. 250 -10 --• - 9.0 - 2100 16 -•-• - XXD/ 

I4AF7 

2807 Amp Double lifBe am Power 
ier L. 8BS 28 .0 0.4 ..... - .-- ClA A ass- Amp. 28 

390* 

180* 

28 2 

28 2 

0.7 2 

1.2 , 

9.00.08 , 

18.5 , ••-• -. --. 6000 + 0.175 '  
28D7 

5824--5824 Pentode O. 75 25 0.3 -••• - - Class-Al Amp. 135 -22 135 2.5/14.5 61/69 15000 5000 - 17004.3 
6082 Low-Mu Twin Triode O. 8BD 26.5 0.6 6.4 2.2 8.4 D.C. Amp., )35 250 • - - 125 280 7000 2 -- -- 6082 

*Cathode resistor- ohms. 6.3-volt pilot lamp most be connected between Pins 6 and 7. 
2 Per section-resistance-coupled. 
, P.p. operation-values for both sections. 

Pla e to plate. 
, Values ore for each unit. 

. 6 Values are far single tube. 

TABLE X-SPECIAL RECEIVING TUBES 

Grid 2 and 3 connected to plate. 
, Discontinued. 
9 Max. value. 

Type Name Base 
Socket 

Conner- 
lions 

Fil' or Heater Capacitance RAI. 

Use 
Plate 

, 
SuPP'Y 
Volts 

Grid 
Bias 

Screen 
Volts 

Screen 
Current 
Mo. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon-
ductance 
Micromhos 

Amp. ... . 
r"cen 

.. toad 
Resistance 
Ohms 

Power 
Output 
Watts 

Type 
Volts Amp. In Out Plate- 

Grid 

00-A 7 Triode Detector M. 4D 5.0 0.25 3.2 2.0 8.50 Grid-Leak Del. 45 - -• - 1.5 30000 666 20 -. - 00-A 
01-A 7 Triode Detector Amplifier M. 40 5.0 0.25 ...... -•• -, Class-A Amp. 135 - 9.0 - •---• 3.0 10000 800 8.0 --••• - 01-A 

3A8GT Diode Triode Pentode O. BAS 
1.4 0.1 2.6 4.2 2.0 Class.A Triode 90 0 - - 0.15 240000 275 65 - - 

3A8GT 2.8 0.05 3.0 10.0 0.012 Class-A Pentode 90 0 90 0.3 1.2 600000 ygg _... ,_, _ 

3B5GT Beam Power Amplifier O. 7AP 1:11 tis •-•-• Class-A Amp. 67.5 - 7.0 67.5 ::: 
8.0 
6.7 100000 1650 

1 soo - 
„,s„ 

5'"' 
0.2 385GT 

3C5GT Power Cutout Pentode O. 7A0 l s V »  ..».. Class-A Amp. 90 - 9.0 90 1.4 6.0 1550 
1450 '""''' 

8000 
10000 

0.24 
0.26 

3C5GT 

3C6 Twin Triode L. 
w  

7" 
1.4 
2.8 

0.1 
0.05 - ... Class-A Amp. 90 0 - .--• 4.5 11200 1300 14.5 -. -, 3C6 

3LE4 Power Amplifier Pentode L. 6BA 2.8 0.05 - - •-••••• Class-A Amp. 90 - 9.0 90 1.8 9.0 110000 1600 - 6000 0.30 31E4 

3LF4 Beam Pentode L. 6BB 1.4 
2.8 0.1 

0.05 -• •-••••• - Class-A Amp. 90 - 4.5 90 1.3 
1.0 

9.5 
8.0 

75000 
80000 

2200 
2000 «""' 

8000 
7000 

0.27 
0.23 3LF4 

305GT Beam Power Amplifier O. 7ACI 1: 0.1 Us Series ParallelFrliiiaments 
aments Class-A Amp. 90 - 4.5 90 

1.3 
1.0 

9.5 
7.5 --. 2100 1 eoo - 8000 0.27 

0.25 3Q5GT 

4A6G Twin Triode Amplifier O. 8L 
4.0 
2.0 

(3.06 
0.12 

Triodes Parallel Class-A Amp. 90 - 1.5 .-- 2.2 13300 1300 20 - - 
4A6G Bo h Sections Class-B Am p. 90 0 -••••• -• 4.6 - - -•-• 8000 1.0 

6F4 Acorn Triode A. 7BR 6.3 0.225 2.0 0.6 1.90 Class-A Amp. 80 150* - .- 13.0 2900 5800 17 - - 6F4 
6L4 U.H.F. Triode A. 7BR 6.3 0.225 1.8 0.5 t1.6 Class-Ai Amp. 80 150* •-.- .- 9.5 4400 6400 28 - - 61.4 
10 Triode Power Amplifier M. 4D 7.5 1.25 4.0 3.0 I 7.00 Class-A Amp. 425 -39.0 -•-, -. 18.0 5000 1600 8.0 10200 1.6 10 
11/12 7 Triode Detector Amplifier M. 4F/4D 1.1 0.25 -, - --. Class-A Amp. 135 -10.5 - ........ 3.0 15000 440 6.6 - - 11/12 
20 , Triode Power Amplifier S. 4D 3.3 0.132 2.0 t3 4.10 Class-A Amp. 135 -22.5 - 6.5 6300 525 3.3 6500 0.11 20 
22 , Tetrode R.F. Amplifier M. 4K 3.3 0.132 3.5 10 0.02 Class-A Amp. 135 - 1.5 67.5 1.3 3.7 323000 500 160 - - 22 
26 Triode Amplifier M. 40 1.5 1.05 2.8 2.5 8.10 Class-A Amp. 180 -14.S - - 6.2 7300 1150 8.3 -• --- 26 



TABLE X - SPECIAL RECEIVING TUBES- Continued 

Plate 

Supply Volts 

Grid 
Bias 

Screen 
Volts 

- 
-- 

Screen 
Current 
Mo. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
ductance 
Micromhos 

Amp. 
74`,.."_. 

" 

Load 
Resistance 
Ohms 

Power 
Output 
Watts  

Type Socket 
Fil or Heater 
• 

Capacitance p fd. 

Type Name Base   C - 
lions Volts Amp. In Out 

Plate- 
Grid 

Use 

- 0.2 150000 200 30 - - 40 
40 , Triode Voltage Amplifier M. 40 5.0 0.25 2.8 2.2 2.00 Class-A Amp. 180 - 3.0 

- 55.0 1800 2100 3.8 4350 4.6 50 
50 Triode Power Amplifier M. 4D 7.5 1.25 4.2 3.4 7.10 Class-A Amp. 450 -84.0 

-- -.-. 20.0 1750 1700 3.0 4800 0.79 71-A 
71-A Triode Power Amplifier M. 40 5.0 0.25 3.2 2.9 7.50 Class-A Amp. 180 -43.0 

---. -.-.. 2.5 15500 425 6.6 - -   99 
99 , 7 Triode Detector Amplifier S. 4D 3.3 0.063 2.5 2.5 3.30 Class-A Amp. 90 - 4.5 

112A 7 Triode Detector Amplifier M. 4D 5.0 0.25 - - - Class-A Amp. 180 -13.S •.- -• 7.7 4700 1800 8.5 --. -. 112A 

1828/ 
4828 

Triode Amplifier M. 40 5.0 1.25 ..- -• -. Class-A Amp. 250 -35.0 -- 18.0 -. 1500 5.0 ,..-. - 
182B/ 
4826  

183/483 , Power Triode M. 4D 5.0 1.25 - - ...- Class-A Amp. 250 -60.0 ---. 25.0 18000 1800 3.2 4500 2.0 183/483 

485 , Triode S. SA 3.0 1.3 -.•-• -... -.- Class-A Amp. 180 - 9.0 ..- -.-. 6.0 9300 1350 12.5 485 

864 Triode Amplifier S. 4D 1.1 0.25 -. .-. - Class-A Amp. 90 - 4.5 -- - 2.9 13500 610 8.2 ,-..- ...- 864 

954 
Pentode Detector, 

Amplifier 
A. SBB 6.3 0.15 

Class-A Amp. 250 - 3.0 100 0.7 2.0 1.5 meg. 1400 2000 -- .. 954 

3.4 3.0 0.007 
Bias Detector 250 - 6.0 100 ...- Plate current to be adjusted to 0.1 ma. with no signal ...-

955 
Triode Detector, 

ator Amplifier, Oscillator 
A. SBC 6.3 0.15 1.0 0.6 1.40 Class-A Amp. 

250 - 7.0 6.3 11400 2200 25 -.-- .-.- 
955 

90 - 2.5 .- -. 2.S 14700 1700 25 -... .-..-

956 
Variable-it Pentode 
R.F. Amplifier 

A. 555 6.3 0.15 Class-A Amp. 250 - 3.0 100 2.7 6.7 700000 1800 1440 -... -- 
956  3.4 3.0 0.007 

Mixer 250 -10.0 100 _. _. Oscillator peak volts -7 min. 

957 
Triode Detector, 

Amplifier, Oscillator 
A. 5BD 1.23 0.05 0.3 0.7 1.20 Class-A Amp. 135 - 5.0 -.- •-•-• 2.0 20800 650 13.5 ...- 957 

958 
958-A 

Triode A.F. Amplifier, 
Oscillator 

A. SBD 1.25 0.1 0.6 0.8 2.60 Class-A Amp. 135 - 7.5 -. ...- 3.0 10000 1200 12 .-. -- 
958 
455-A 

939 
Pentode Detector, 

Amplifier 
A. SBE 1.25 0.05 1.8 2.5 0.015 Class-A Amp. 145 - 3.0 67.5 0.4 1.7 800000 600 480 ,- -. 959 

7E5/1201 U.h.f. Triode L. 8BN 6.3 0.15 3.6 2.8 1.50 Class-A Amp. 180 - 3 ..- - 5.5 12000 ... 36 - - 783/1201 

7C4/1203 U.h.f. Diode L. 4AH 6.3 0.15 - ..-• -.. Rectifier Max. r.m.s. voltage-150 Max. d.c. output current -8 ma. 7C4/1203 

7A117/ 1204 
Sharp Cut-off Pentode L. 880 6.3 0.15 3.5 4.0 0.06 Class-A Amp. 250 - 2 100 0.6 1.75 800000 1200 -.- •- ..- 

7A87/ 
1204 

1276 Triode Power Amplifier M. 40 4.5 1.14 ..... ..... Class-A Amp. Characteristics similar to 6A3 1276 

1609 Pentode Amplifier S. 58 1.1 0.25 -• - -.- Class-A Amp. 135 - 1.5 67.5 0.65 2.5 400000 725 300 .- -- 1609 

5731 Acorn Triode A. SBC 6.3 0.15 1.0 0.4 1.3 Class-A Amp. 250 - 7 - 6.3 11400 2200 25 - - 5731 

5768 U.h.f. "Rocket" Triode N. Fig. 36 6.3 0.4 1.2 0.01 1.3 1109041:1°/3"Mc. 
Amplifier 

250 - 1 -- 9.3 4500 85 .-.. - 5768 

6173 U.h.f. "Pencil" Diode N. Fig. 67 6.3 0.135 Plate to K-1.1 Rectifier Peak inverse-375 Volts. Peak ip-50 Ma. Max. d.c. output-5.5 Ma. 6173 

9004 U.h.f. Diode A. 4BJ 6.3 0.15 - - - Detector Max. a.c. voltage- 117. Max. d.c. output current-5 ma. 9004 

9005 U.h.f. Diode A. SBG 3.6 0.163 -. - - Detector Max. a.c. voltage- 117. Max. d.c. output current-1 ma. 9003 

EF-50 Sharp Cut-off Pentode L. 9C 6.3 0.3 8 5 0.007 I.F.-R.F. Amp. 250 150° 250 3.1 10 600000 6300 - - -- EF-50 

GL-2C44 
GL-464A GL-2C44 

GL-464A 
U.h.f. Triode O. Fig. 17 6.3 0.75 - - - Class-A Amp. and Modulator 250 100° -.-- 25.0 -- 7000 - -- ..- 

GL-446A 
GL-446B 

U.h.f. Triode O. Fig. 19 6.3 0.75 _____ Oscillator, Amp. 
or Converter 

250 200 • - - 15.0 -- 4500 
45 -- - 

GL-446A 
GL-446B 

559 
GL-559 

U.h.f. Diode O. Fig. 18 6.3 0.75 - - - Detector or irons•  line switch 
5.0 •- ....- 24.0 -... .- ---.. 

559 
GL-559 

N1.1.2C35 Special Hi-Mu Triode O. Fig. 38 6.3 0.3 5.2 2.3 0.62 
Shunt Voltage 
Regulator 

8000 -200 -. 5.0 525000 930 500 .. - NU-2C35 

VT52 Triode M. 4D 7.0 1.18 5.0 3.0 7.7 Class-At Amp. 220 -43.5 -- - 29.0 1650 2300 3.8 3800 1.0 VT52 

X6030 Diode L. Fig. 4 3.0 0.6 - - .-- Noise Diode 90 -.- - -..- 4.0 -.. --- -. ...- -• X6030 

XXB 
Twin-Triode 
Frequency Converter 

L. Fig. 9 

2.8/ 
1.4 
z 3. - , /.  

1.6 

0.05/ 
0.10 
- 
- 

.- ...-.- Converter , 901 
0 

- 3 

.... 

«- 

.-, 

-. 

4.5 , 
4.5 , 

1.4 , 
1.4 , 

11200 , 
11200 , 

1900 , 
1900 ' 

6700-- 

85000 

1300 , 
1300 , 

760 e 
760 , 

14.5 , 

14.5 , 

•-• 

.... 

XXII 

1500 

1000 
100 
85 

----- 
--. - 

XXFM 
XXFM Twin-Diode Triode L. 8BZ 6.3 0.3 - .- Class-A Amp. 

250 

100 

- 1 

0 

..- 
...- 

...-, 

..- 

1.9 

1.2 

* Cathode resistor-ohms. Be h sections. 
Section Na. 2 recommended for h.f.o. 

, Dry battery operation. 
e Section Na. 1. 

Section No 2. 
, Same as X99. Type V99 is same, but socket connection ore 4E. 



TABLE XI -MINIATURE RECEIVING TUBES-Other miniature types in Tables XIII and XV 

Type Name Base 
Socket 
Connec- 
t i ons 

FIL or Heater Capacitance mead. 

Use 
P late 

Supply Volts 

Grid 
Bias 

Screen 
Volts 

Screen 
I Current 

Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
ductonce 
Micromhos 

Amp. 
Factor 

4 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Prototype 
Volts Amp. In Out 

Plate- 
Gad 

1A3 H. F. Diode B. SAP 1.4 0.15 - -• Detector 
F.M. Discrim. 

Max. a.c. voltage per plate- 117. Max. output current-0.5 ma. - 

I AB6 Pentagrid Converter B. 7DH 1.4 0.025 7.6 8.4 0.36 Converter ----------- - 

1AC6 Pentagrid Converter B. 7DH 1.4 0.05 7.3 84 0.36 Converter - - - -- - - - - - - 

1AE4 Sharp Cut-off Pentode B. 6AR 1.25 0.1 3.6 4.4 0.008 Class-At Amp. 90 0 90 1.2 3.3 500000 ISSO - ..-- - - 

1AF4 Pentode B. 6AR 1.4 0.025 3.8 7.6 .008 Class-At Amp. 90 0 90 0.5 1.63 1800000 950 ----. - - -.--..-

1AFS Diode Pentode B. 6AU 1.4 0.025 - - •---.• Class-At Amp. 90 o 90 0.4 1.1 2000000 600 .-- - - ---

I AHS Diode A.F. Pentode B. 7DJ 1.4 0.025 2.1 2.9 0.3 Clou-A Amp. 85 -- - 0.015 0.05 1000000 -- 62 - - - 

IC3 Triode B. 5CF 1.4 0.05 0.9 4.2 1.8 Class-At Amp. 90 - 3 - ---. 1.4 19000 760 14.5 - --- 1LE3 

1E3 U.h.f. Triode B. 9BG 1.25 0.22 1.25 0.73 1.5 Class-A Amp. 150 - 3.5 - - 20 - 3500 14 - - - 

1L4 Sharp Cut-off Pentode B. 6AR 1.4 0.05 3.6 7.5 .008 Class-A Amp. 90 o 90 2.0 4.5 350000 1023 - - - INSGT 

1L6 Pentagrid Converter B. 7DC 1.4 0.05 7.5 12 0.3 Converter 90 o 45 0.6 0.5 650000 300 -. ----.- - 1LA6 

1R5 Pentagrid Converter B. 7AT 1.4 0.03 - - •••••• Converter 90 o 67.5 3.0 1.7 500000 300 Grid No. 1 100000 ohms IA7GT 

154 Pentagrid Power Amp. B. 7AV 1.4 0.1 - ---. ••••• Class-A Amp. 90 - 7.0 67.5 1.4 7.4 100000 1575 - 8000 0.270 I 05GT 

1S5 Diode Pentode B. 6AU 1.4 0.05 - 
Class-A Amp. 67.3 0 67.5 0.4 1.6 600000 625 - - --.--

R-Coupled Amp. 90 o 90 Screen resisto 3 meg., grid 10 meg. 1 meg. 0.050 

1T4 Variable-,, Pentode B. 6AR 1.4 0.05 3.6 7.5 0.01 Class-A Amp. 90 0 67.5 1.4 3.5 500000 egg - -... -. IPSGT 

1U4 Sharp Cut-off Pentode B. 6AR 1.4 0.05 3.6 7.5 0.01 Closs-A Amp. 90 o 90 0.5 1.6 1500000 900 - - - "MGT 

1U5 Diode Pentode B. 6BW 1.4 0.05 - -• ...- Close-A Amp. 67.5 0 67.5 0.4 1.6 600000 828 - -.-. - - 

1U6 Pentagrid Converter B. 7DC 1.4 0.025 8 12 0.4 Converter 90 0 45 0.55 0.55 600000 278 - ..... - -. 

1W4 Power Amplifier Pentode B. 58Z 1.4 0.05 3.6 7 0.1 Class-At Amp. 90 - 9 90 1 5 300000 923 - 12000 0.2 1LB4 

2C31 Twin Triode B. 8CJ 6.3 0.3 2.2 1.0 1.3 Class-At Amp. 150 - 2 - - 8.2 L - 5500 35 - - 7F8 

2E30 Beam Power Pentode B. 702 6.0 0.7 10 4.5 0.5 

Class-At Single 250 450* 250 7.4 2 44 2 63000 3700 40 , 4500 4.5 

Class-At Amp., 250 225* 230 14.8 , 88 2 80 , 9000 , 9 

Class-Alb Amp., 250 -25 250 13.5 , 80 2 48 , 8000 t 12.5 

Class-AB: Amp., 250 -30 250 20 , 120 , - 40 , 3800 t 17 

3A4 Power Amplifier Pentode B. 7BB 
1.4 
2.8 

0.2 
0.1 4.8 4.2 0.34 Class-At Amp. 

135 
150 

- 7.5 
- 8.4 

90 
90 

2.6 
2.2 

14.9 , 
14.1 , 

90000 
100000 1900 - 8000 0.6 

0.7 
- 

3A5 H.F. Twin Triode B. 7BC 
1.4 
2.8 

0.22 
0.11 0.9 1.0 3.20 Class-A Amp. 90 - 2.5 - 1.7 8300 1800 15 - 

13000 

- 

3C4 Power Pentode B. 6BX 1.4 0.05 4.9 4.4 0.3 Class-A Amp. 85 - 5.2 85 5.0 1.1 125000 1350 - 0.2 - 

3E5 Power Amplifier Pentode B. 6BX 1: Cle s - Class-At Amp. 90 - 8 90 1.5 3.5 120000 1100 - 8000 .175 ...-- 

304 Power Amplifier Pentode B. 7BA 
1.4 0.1 Parallel Filaments 

Class A Amp. 90 4.5 90 
2.1 9.3 100000 2150 

10000 
0.27 

305GT 
2.8 0.05 Series Filaments 1.7 7.7 120000 2000 0.24 

3S4 Power Amplifier Pentode B. 7BA 
1.4 0.1 Parallel Filaments 

Class A Amp. 90 - 7.0 67.5 
1.4 7.4 

100000 
1575 

8000 
0.27 

3Q5GT 
2.8 0.0S Series Filaments 1.1 6.1 1425 0.235 

3V4 Power Amplifier Pentode B. 6BX 
1.4 0.1 Parallel Filaments Class-A Amp. 90 - 4.5 90 2.1 9.5 100000 2130 - 10000 0.27 

305GT 
2.8 0.05 Series Filaments Class-A Amp. 90 - 4.5 90 1.7 7.7 120000 2000 - 10000 0.24 

6A84 U.h.f. Triode B. SCE 6.3 0.15 2.2 0.5 1.5 Class-A Amp. 230 200* ----. - 10 10900 5500 
60 _, _. Single unit 

12A77 

6AB8 Triode-Pentode B. 9AT 6.3 0.3 
4.6 4.7 0.2 Triode 100 - 2 - ---. 4 - 1350 18 - - ---

- - -- Pentode 200 - 7.7 200 3.3 11000 1.4 --.-

6AD8 Dual Diode Pentode B. 91 6.3 0.3 4.0 4.6 0.002 Class-A Amp. 250 - 2 85 2.3 6.7 1000000 1100 -- - -- --,-

6A111 Triode Hexode B. 90 6.3 0.3 - - .-.. Freq. Converter -•-• ..... .... - 6K8 

6AF4 U.h.f. Triode B. 7DK 6.3 0.225 2.2 
.. 
0.45 1.9 

Class-At Amp. 80 150* - 16 2270 6600 15 -. --- 
-. 

Ose. at 950 Mc. 100 10000R - 0.4,, 22 - - ---. -, - 

6AG5 Sharp Cut-off Pentode B. 7BD 6.3 0.3 •-•• - Class-A Amp. 
250 
100 

200• 
100* 

150 
100 

2.0 
1.6 

7.0 
5.5 

800000 
300000 

5000 
4750 

- 
- 

... - 65147GT 

6AH6 Sharp Cut-off Pentode B. 7CC 6.3 0.45 10 2 0.03 
Pentode Amp. 300 16o* 150 2.5 10 500000 9000 - ••••-- --

6AC7 
T.i.4. a.m. 1 inn tens - 19 .1 lam I IOW'S Stl - 
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Type Name Base 
Socket 
Connec- 
'ions 

Fil. or Heater Capacitance µdd. 

Use 
Plate 

Supply 
Volts 

, „; 
'ea.; 

s ree. 

Volts 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
ductance 

Micromhos 

Amp. 
Factor 
' 

Load 

Resistance 
Ohms 

Power 

Output 
Watts 

Prototype Volts Amp. In Out 
Plate- 

Grid 

6AJ4 U.h.f Triode B. 98X 6.3 0.225 4.4 0.18 2.4 Class-A, Amp. 125 68* - •••-•- 16 4200 10000 42 -- .- - 

6AJ5 Sbarp Cut-off Pentode B. 7PM 6.3 0.175 - 
R.F. Amplifier 28 200• 28 1.2 3.0 90000 2750 250 -- -. 
Class-AB Amp.' 180 - 7.5 75 - -.-- - -• 28000 e 1.0 

6AJ8 Triode-Heptode B. 9CA 6.3 0.3 4.8 7.9 0.01 
Heptode Mixer 250 - 2 22K 9 6.7 3.25 1000000  

- 
775 

3700-  

-- - --
Triode Amp. 100 0 -- - 13.5 - 22 - --

6AK5 Sharp Cut-off Pentode B. 7BD 6.3 0.175 4.3 2.1 0.03 
180 200' 120 2.4 7.7 690000 5100 3500 -- - 

- R.F. Amplifier 150 330' 140 2.2 7.0 420000 4300 1800 .- - 
120 200' 120 2.5 7.5 340000 5000 1700 -- - 

6AK6 Power Amplifier Pentode B. 7BK 6.3 0.15 3.6 4.2 0.12 Class-A Amp. 180 - 9.0 180 2.5 13.0 200000 2300 - 10000 1.1 - 
6AK8 Triple Diode Triode B. 9E 6.3 0.45 1.9 1.6 2.2 Class-A Amp. 250 - 3 ---- -• 1 58000 1200 70 -- - - 
6ALS U.h.f. Twin Diode B. 68T 6.3 0.3 - - - Detector Max. r.m.s. voltage- 150. Max. d.c. output current- 10 ma.' 6H6GT 
6AM4 U.h.f. Triode B. 98X 6.3 0.223 4.4 0.16 2.4 Class-A Amp. 150 100* - - 7.5 10000 9000 90 - -. --. 
6AMS Power Amplifier Pentode B. 6CH 6.3 0.2 .--- - --;• Class-A, Amp. 250 -13.5 250 2.4 16 130000 2600 - 16000 1.4 --
6AM6 Pentode B. 7D 8 6.3 0.3 7.5 3.25". 0.01 Class-A, Amp. 250 - 2 250 2.5 10 1000000 7500 - - --.. --• 
6AN4 U.h.f. Triode B. 70K 6.3 0.225 2.2 0.17 1.7 Class-A Amp. 200 100* - - 13 - 9000 70 - - - 
6AN5 Power Amp. Pentode B. 7BD 6.3 0.5 9.0 4.8 0.05 Class-A, Amp. 120 - 6 120 12 35 12500 8000 -- - -- 6AG7 

6AN6 Twin Diode B. 78J 6.3 0.2 - - - Detector R.m. . voltage per plate = 75 volts; d.c. output = 3.5 ma with 25000 ohms and 8 uufd. load; 
peak current per plate = 10 ma.; peak inverse voltage = 210. .- 

6AN7 Triode Hexode B. 90 6.3 0.23 3.8 9.2 0.1 Converter 250 - 2 85 3 3 -- 750 - - - - 

6A05 Beam Power Tetrode Et 7BZ 6.3 0.45 7.6 6.0 0.35 Class-AL Amp. 
180 - 8.5 180 4.0 2 30 , 58000 3700 29, 5500 2.0 

6V6GT 250 12.5 250 7.0 2 47 2 52000 4100 45 2 5000 4.5 

6A06 Duodiode Hi-mu Triode B. 7BT 6.3 0.15 1.7 1.5 1.80 Class-A Triode 
250 - 3.0 - - 1.0 58000 1200 70 - - 

6T7G 100 - 1.0 - - 0.8 61000 1150 70 - - 

6ARS Pentode Power Amp. B. 6CC 6.3 0.4 - ----. - Class-A, Amp. 
250 -18 250 5.5 = 33 2 68000 2300 -- 7600 3.4 

6K6GT 250 -16.5 250 5.5 2 35 2 65000 2400 - 7000 3.2 
6AS5 Beam Pentode B. 7CV 6.3 0.8 12 6.2 0.6 Class-Ai Amp. 150 - 8.5 110 2/6.5 35/36 - 5600 4500 2.2 --• 
6A56 Sharp Cut-off Pentode IL 7CM 6.3 0.175 4.0 3.0 0.02 Class-A Amp. 120 - 2 120 3.5 5.2 - 3200 -. - - -. 
6AT6 Duplex Diode Triode B. 7BT 6.3 0.3 2.3 1.1 2.10 Class-A Amp. 250 - 3 -. - 1.0 58000 1200 70 - - 607GT 
6AU6 Sharp Cut-off Pentode B. 7BK 6.3 0.3 5.5 5.0 .0035 Class-A Amp. 250 - I 150 4.3 10.8 2000000 5200 ---;- - - 6SH7GT 
6AV6 Duodiode HI-mu Triode B. 713T 6.3 0.3 --• - - Class-A; Amp. 250 - 2 ---- 1.2 62500 1600 100 --- - 6507GT 
68A6 Remote Cut-off Pentode IL 7CC 6.3 0.3 5.5 5.0 .0035 Class-A Amp. 250 68* 100 4.2 11 1500000 4400 - --- - 6SG7GT 
68A7 Pentagrid Converter B. 8CT 6.3 0.3 9.5 8.3 - Converter 250 - 1 100 10 3.8 1000000 950 - --- - 6587Y 
68C5 Pentode B. 78D 6.3 0.3 6.6 3.1 .02 Class-A, Amp. 250 180* 150 1.4 4.7 600000 4900 - - -.--• - 
6BC7 Triple Diode B. 9AX 6.3 0.45 - - -- FM/AM Del. Max. diode current per plate = 12 Ma. Max. htr.-cath volts = 200 - 

6BD6 Remote Cut-off Pentode B. 7CC 6.3 0.3 .-. - - Class-A Amp. 
100 - 1 100 5 13 120000 2350 - - - 

6SK7GT 250 - 3 100 3.5 9 700000 2000 - - ---
6807 Duodiode Hi-mu Triode B. 9Z 6.3 0.23 2.4 1.3 1.3 Class-A, Amp. 250 - 3 - - 1.0 58000 1200 70 - - - 
68E6 Pentagrid Converter B. 7CH 6.3 0.3 Osc. Grid 50000 9 Converter 250 - 1.5 100 7.8 3.0 1000000 475 - - - 6SA7GT 

6BE7 Heptode Limiter-Disc. B. 9AA 6.3 0.2 - 
FM Limiter-
Discriminator 250 - 4.4 20 1.5 0.28 5000000 - - - - --. 

613F5 Beam Power Pentode B. 78Z 6.3 1.2 ---- - - Class-A, Amp. 110 - 7.5 110 4.0/8.5 49/50 10000 7500 - 2500 1.9 --. 
6106 Duplex-Diode Triode B. 781 6.3 0.3 1.8 1.1 2.0 Class-A, Amp. 250 - 9 - - 9.5 8500 1900 16 10000 - 6SR7GT 
68H5 Remote Cut-off Pentode B. 9AZ 6.3 0.2 4.9 5.5 0.002 Class-A Amp. 250 - 2.5 90K 9 1.7 6 1106-000 2200 •- ••• --
6BH6 Sharp Cut-off Pentode B. 7CM 6.3 0.15 5.4 4.4 0.0035 Class-A, Amp. 250 - 1 150 2.9 7.4 1400000 4600 - - - - 
611J5 Pentode B. 6CH 6.3 0.64 - - - Power Amp. 250 - 5 250 5.5 35 40000 10500 420 7000 4.0 - 
MI6 Remote Cut-off Pentode B. 7CM 6.3 0.15 

1.2- 13 

4.5 5.0 .0035 Class-A, Amp. 250 - 1 100 3.3 9.2 1300000 3800 - - -- 6SS7GT 
613K3i Beam Power Pentode B. 980 6.3 5.0 0.6 Class-A, Amp 250 - 5 250 3.5/10 35/37 100000 8500 - 6500 3.5 ---
613K6 Duodiode Triode B. 78T 6.3 0.3 - - -•-• Class-A, Amp." 250 - 2 -- -- 1.2 80000 1250 100 - - .-
68K7 U.h.f. Twin Triode B. 9AJ 6.3 0.45 3.0 1.1 1.9 Class-A, Amp. 150 56* ;-;- ...- 18 4700 8500 40 .-- - ---». 
613K7A U.h.f. Twin Triode B. 9AJ 6.3 0.45 3.0 1.9 1.8 Cascade Amp. 150 56* ••• 18 4600 9300 43 ----- --- 68K7 



TABLE XI- MINIATURE RECEIVING TUBES - Continued 

Type Name Base 
Socket 

FIL or Heater Capacitance umfd. 

Use 

Plate , 
Supply rn" 
Volts 

Grid Grid Screen 
Volts 

Screen 
Current 
Mo. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
ductance 

Micromhos 

Amp. 
Factor 

4 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Prototype Connec- 
H Volts Amp. in 

"u Out 
Plate- 
Grid 

6BM5 Power Pentode B. 700 6.3 0.45 8 5.5 0.5 Class-A Amp. 250 - 6 250 3 30 60000 7000 - 7000 3.5 - 

6BN6 Gated-beam Disc. B. 7DF 6.3 0.3 4.2 3.3 .004 FM Disc. 80 - 1.3 60 5 0.23 - - - 68000 - - 

6BN7 Dual Triode B. Fig. 41 6.3 
5.5, 1.67 3, Class-A, Amp.7 250 -15 - ---. 24 2200 5500 12 - --

0.75 
1.4'. 0.3. 0.7, Class-A, Amp.8 120 - 1 - - 5 14000 2000 28 - - 

6807  Double  Triode Double Triode B. 9AJ 6.3 0.4 2.55 1.3 1.15 Class-A, Amp." 150 220* - - 9.0 5800 6000 

6400 

1250 

35 - -- - 

6807 

6)7 --
61107A  Dual Triode B. 9AJ 6.3 0.4 - -- 1.15 -Class-A Amp." 150 220* - --- 9 6100 39 

---- 

- - 

6BR7 Sharp Cut-off Pentode B. 9BC 6.3 0.15 4.25 4.0 0.01 Class-A Amp. 250 - 3 100 0.6 2.1 2500000 -- - 

6876 Duodiode Triode B. 7BT 6.3 0.03 - -- - Class-A, Amp. 250 - 3 ---- -- 1 58000 

8500 > 

100000 

1200 

1900 

1000 

70 

16 

-- 

-- 

10000 

8000 

- 

-0.3 

4.0 

----

------ 
_ _ - _ 

6BU6 Duodiode Triode B. 7BT 6.3 0.3 ----- - - Class-A, Amp. 250 - 9 

- 5 

- 9.5 

38 6BV7 Duodiode Pentode B. 9BU 6.3 0.8 11.5 9.5 0.5 Class-A Amp. 250 250 6 

6BW6 Beam Pentode B. 9AM 6.3 0.45 - - Class-A, Amp. 
315 

250 

-13 225 6 35 77000 

52000 

3750 

4100 
7200 

6000 

- 8500 
- 

5000 
- 

5.5 

4.5 

--

- 

-- ----

6807-

6J5GT 

.- 
-12.5 250 7 47 - 

6BX6 R.F. Pentode B. 9AQ 6.3 0.3 7.2 3.4 0.007 Class-A Amp. 170 - 2 170 2.5 10 400000 - 

- 
61SY7 R.F. Pentode B. 9AQ 6.3 0.3 7.2 3.7 0.007 Class-A Amp. 250 - 2 100 2.5 10 500000 - - 

611Z7 U.h.f. Twin Triode B. 9AJ 6.3 0.4 2.85 2.27 1.15 Clair-A Amp." 150 220* - --- 10 5600 6800 38 - --- 

6C4 Triode Amplifier B. 6BG 6.3 0.15 1.8 1.3 1.60 Class-A, Amp. 250 - 8.5 - -- 10.5 7700 2200 17 - - 

6086 Sharp Cul-off Pentode B. 7CM 6.3 0.3 6.3 1.9 0.02 Class-A, Amp. 200 180* 150 2.8 9.5 600000 

600000 

6200 - - - - 

6CF6 Sharp Cut-off Pentode B. 7CM 6.3 0.3 6.3 1.9 0.02 Class-A, Amp. 200 180* 150 2.8 9.5 6200 - - 

6CG6 Remote Cut-off Pentode B. 78K 6.3 0.3 5 5 0.008 Class-A, Amp. 230 - 8 150 2.3 9.0 720000 2000 ••--

6016 R.F. Pentode B. 9BA 6.3 0.75 14 5 0.25 Class-A Amp. 250 - 4.5 250 6 40 50000 11000 .--

606 Audio Pentode B. 9AS 6.3 1.05 14.7 6.0 0.8 Class-A Amp. 250 -38.5 250 2.4 32 15000 4600 •-•-

6CK6 R.F. Pentode B. 9AR 6.3 0.71 11.2 6.6 0.1 Class-A Amp. 250 - 5.5 250 5 36 130000 10000 - -.- - - 

6CL6 Power Pentode B. Fig. 68 6.3 0.65 11 5.5 0.12 Class-A, Amp. 250 - 3 150 7/7.2 30/31 15000 11000 - 7500 2.8 6AG7 

6CS6 Heptede B. 7CH 6.3 0.3 5.5 7.5 0.05 Sync. Separator 
100 - 1 30 1.1 0.75 1000000 950 - .--- - 

---... 
Grid # 2 current = 1.1 Ma. 

6J4 
U.h.f. Grounded-Grid 

R.F. Amplifier 
B. 7BQ 6.3 0.4 5.5 0.24 4.0 Grounded-Grid 150 200* 

.- - 15.0 4500 12000 55 - 

Class-A, Amp. 100 100* --- - 10.0 5000 11000 55 

6J6 Twin Triode B. 7BF 6.3 0.45 2.2 0.4 1.6 
Class-A, Amp. 
Mixer, Oscillator 

100 so* _ 8.5 7100 5300 38 - - ---

6M5 Power Amplifier Pentode B. 9N 6.3 0.71 10 6.2 1 Class-A, Amp. 250 170* 250 5.2 36 40000 10000 -- 7000 3.9 - 

6N4 U.h.f. Triode Amplifier B. 7CA 6.3 0.2 3.0 1.6 1.10 Class-A Amp. 180 - 3.5 -- - 12 - 6000 32 - - - 

6N8 Duodiode Pentode B. 9T 6.3 0.3 4 4.6 .002 Class-A, Amp. 250 - 2 85 - 1 1600000 2200 - 

604  Grnd.-Grid Triode B. 95 6.3 0.48 5.4 .06 3.4 Class-A, Amp. 250 - 1.5 - .- 15 12000 80 -.-- - -. 

6R4 U.h.f. Triode B. 9R 6.3 0.2 1.7 0.5 1.5 Class-A, Amp. 150 - 2 - - 30 .- 5500 16 - - - 

6R8 Triple Diode Triode B. 9E 6.3 0.45 1.5 1.1 2.4 Class-A, Amp. 250 - 9 -. - 9.5 8500 1900 16 10000 0.3 ---

654 Triode B. 9AC 6.3 0.6  

0.225 

-- 

2.4 

--  

0.45 

- 

1.8 

Class-A, Amp. 250 - 8 - 26 3600 4500 

7000 

16 

13 - 
6T4 Triode B. 7DK .6.3 Class-A Amp. 80 150 - 18 - - - 

6T8 Triple-Diode Triode B. 9E 6.3 0.45 1.5 1.1 2.4 Class-A, Amp. 
250 - 3 •-• -. 1.0 5800 1200 70 - ---

100 - 1 - - 0.8 5400 1300 70 

6U8 
Triode 

B. 9AE 6.3 0.45 
2.5 1.0 1.8 Class-A, Amp. 150 56* •-• - 18 5000 8500 40 - 

Pentode 5.0 2.6 0.01 Class-A, Amp. 250 68* 110 3.5 10 400000 5200 --

6V8 Triple-Diode Triode B. 9AH 6.3 0.45 - -- - 
Class-A, Amp. 

100 - 1 -- - 0.8 54000 1300 70 

250 - 3 ---. - 1.0 58000 1200 70 - 

Diode Max. diode .2 and #3 Ma. = 10 each. Max. diode I,1 Ma. = 1.0 

6X8 
  Sharp Cut-off Pentode 

Medium Mu Triode 
9AK 6.3 0.45 

2.6 1.0 1.4 Triode Ose. 150 27009 - - 13 --- - - - 

Sharp Cut-off Pentode 
B. 4.5 1.2 

5.5 

0.008 Pentode Mix. 150 - 3.5 

- 6 

150 1.1 4.6 - 1600 - - 

3.5 

5.5  
9BMS Power Pentode B. 700 9.5 0.3 8 0.5 Class-A Amp. 250 250 3 30 60000 7000 420 7000 - 

6BW6 
9BW6 Beam Pentode B. 9AM 9.45 0.3 -- - - Class-A Amp.  315  -13   225  -13  225  225 2.2 34 77000 3750 -.-- 8500 



TABLE XI- MINIATURE RECEIVING TUBES- Continued 

Type Name Base 
Socket 

Connee- 
Hens 

Fit' or Heater Capacitance add. 
Use 

Plate 
Supply 
Volts 

Grid 
Bias 

Screen 
Volts 

Screen 

Current Ma. 

Plate 

Current Ma. 

Plate 

Resistance Ohms 

Trafican- 

ductance Micromhos 

Amp. 

Factor t 

Load 

Resistance Ohms 

Power 

Output Watts Prototype 
Volts Amp. In Out 

Pl ate-
Grid 

12A4 Triode B. 9AG 
6.3 0.6 

- - Class-At Amp. 150 -17 ..-. 30 1200 5200 6.5 - -- 

- 

- 

- 
12.6 0.3 

12AH8 Triode Heptode B. 98P 
12.6 0.15 

- 
Heptode 250 - 100 4.4 2.6 1500000 550 -.-. - 

-.... 
6.3 0.3 

-. 
Triode 100 - 3 - --- ix = 12.5 Ma. 3500 17 - 

12AL5 Twin Diode B. 68T 12.6 0.15 2.5 -- Detector R.m.s. voltage per plate = 117; d.c. output =9 ma. per plate; peak ma. 
per plate = 54; peak inverse voltage = 330. 

12H6GT 
- 

12A05 Beam Pentode B. 78Z 12.6 0.225 8.3 8.2 0.35 Class-Ai Amp. 250 -12.5 250 4.5/7 45/47 52000 4100 - 5000 4.5 6A05 

12AT6 Duplex Diode Triode B. 7BT 12.6 0.15 2.3 1.1 2.10 Class-A Amp. 250 - 3.0 - 1.0 58000 1200 70 - - 12Q7GT 

Double Triode B. 9A 
6.3 0.3 2.5 7 0.45 7 1.45' Class-At Amp. 

Each Unit 
250 - 2 - - 10 10000 5500 55 

-12AT7 
12.6 0.15 2.5 8 0.35 8 1.45 8 180 - 1 -- - 11 9400 6600 62 - - 

12AU6 Sharp Cut-off Pentode B. 7CC BM 0.15 5.5 5.0 .0035 Class-Ai Amp. 250 - 1.0 Km 4.3 10.8 1 meg. 5200 - - - 12SH7GT 

12AU7 Twin-Triode Amplifier B. 9A 
6.3 0.3 126. 7 0.5 7 1.5 7 

Class At Amp. 250 - 8.5 - - 10.5 7700 2200 17 -.- ---• 125N7GT 
12.6 0.15 1.6 8 0.35 8 1.5 8 

12AV6 Duodiode Hi-mu Triode B. 7BT 12.6 0.15 -.-- -- - Class-Ai Amp. 250 - 2 -..- --- 1.2 62500 1600 100 - -- - 

12AV7 Double Triode B. 9A 
12.6 0.225- 

3.1 
0.57 

1.9 Class-At Amp." 
100 120* - - 9.0 6100 6100 37 - - 

6.3 0.45 0.48 150 56* - -- 18 4800 8500 41 - - 

12AW6 Sharp Cut-off Pentode B. 7CM 12.6 0.15 6.5 1.5 0.025 
Pentode Amp. 250 200* 150 2.0 7.0 800000 5000 -. --- - 
Triode Amp. 8 250 825* - - 5.5 11000 3800 42 - - 

12AW7 Sharp Cut-off Pentoth B. 7CM 12.6 0.15 6.5 1.5 0.025 Class-At Amp. 250 200* 150 2.0 7.0 0.8 meg. 5000 - - - - 

12AX7 Double Triode B. 9A 
12.6 0.15 1.6 7 0.46 7 1.7 7 Class-A Amp. 250 - 2 - - 1.2' 62500 1600 roo _ - 

6.3 0.3 1.68 0.34 8 1.7 8 Class-B Amp. 300 0 --. - 14/40 - - - 16000 7.5 

12AY7 Dual Triode B. 9A 
12.6 0.15 

1.3 0.6 1.3 
Closs-A Amp. 250 - 4 -- - 3 •-.-. 1750 40 - --

6.3 0.3 Lo-level Amp. 150 2700* Plate resistor = 20000 D. Grid resistor= 0.IMeg. V.G. 12.5 

12A27 Double Triode B. 9A 
12.6 0.225 3.1 7 0.57 1.97 

Class-A, Amp. 
100 -270* - - 3.7 15000 4000 60 - - 

6.3 0.45 3.1 , 0.48 1.98 250 200* - - 10.0 10900 5500 60 ._. _ 

1284 Triode B. 9AG 
12.6 0.3 

6.4 7 4.3 Class-A Amp. 150 -17.5 - - 35 - 6500 6.5 - - - 
6.3 0.6 

128.66 Remote Cut-off Pentode B. 7CC 12.6 0.15 5.5 5.0 .0035 Class-A Amp. 250 68* 100 4.2 11.0 1500000 4400 - - - 12SG7G 

128A7 Pentagrid Converter B. 8CT 12.6 0.15 9.5 8.3 - Converter 250 - 1 100 10 3.8 1000000 3.5 - -.-. - - 

12806 Remote Cut-off Pentode B. 7CC 12.6 0.15 4.3 5.0 .004 Class-A Amp. 250 - 3 100 3.5 9.0 700000 2000 - - - 12SK7GT 

128E6 Pentagrid Converter B. 7CH 12.6 0.15 Ose. Grid 50000 0 Converter 250 - 1.5 100 7.8 3.0 1000000 475 - - - 12SA7GT 

12BF6 Duodiode Triode B. 7BT 12.6 0.15 1.8 1.1 2.00 Class-A Amp. 250 - 9 -- - 9.5 8500 1900 16 ---- - 12SR7GT 

128H7 Dual Triode B. 9A 
6.3 0.6 

3 2.6 2.4 Class-At Amp. 250 - 9.5 - - 11.5 .--- 3250 18 - - 6SN7GT 
12.6 0.3 

12BK6 Duodiode Triode B. 78T 12.6 -0.15 - -- - Class-Ai Amp. 250 - 2 - --. 1.2 63000 1600 100 -. - -. 

12BN6 Gated-beam Disc. B. 7DF 12.6 0.15 4.2 3.3 .004 FM Disc. Same as 6BN6 - 

12BT6 Duodiode Triode B. 711T 12.6 0.15 - - -- Class-Ai Amp. Same as 611T6 - 

12BU6 Doodled° Triode B. 7BT 126 0.15 ..... - - Class-At Amp. Same os 6BU6 ..». 

12817 Sharp Cut-off Pentode B. 9BF 
12.6 0.3 

10.7 4.0 0.063 Class-A Amp. 
I 

250 100* 180 3.0 24 110000 12000 301! 
6.3 0.6 

12BZ7 Dual Triode B. 9A 
12.6 0.15 

6.5 0.7 0.45 Class-At Amp." 250 - 2 2.5 31800 3200 100 - - 
6.3 0.3 

1204 Triode B. 68G 12.6 0.15 2.4 0.9 3.4 Class-A Amp. 250 - 8 -.- 9 - 2600 - - - 12J5GT 

15A6 R.F. Pentode IL 9AR 13.0 0.3 10 7 0.1 Video Amp. 180 - 2.9 180 4.6 36 100000 10000 - - - -.-

16AS A.F. Pentode B. 981. 16.5 0.3 11 5.9 LO Class-A Amp. 170 -10.4 170 8.5 45 24000 7600 ....... 3000 4.2 - 

19A05 Beam Pentode B. 7BZ 18.9 0.15 •-.-- - Class-A Amp. Semis as 6A05 - 

19C8 Triple-Diode Triode B. 9E 18.9 0.15 -..- - 
Class-At Amp. 100 - 1 - -- 0.5 80000 1250 100 - ...-

Diode Max. diode current =6 Ma. each. 



TABLE XI-MINIATURE RECEIVING TUBES-Continued 

Type Name Base   
Socket 
C - 
lions 

Fil. or Heater Capacitance wad. 
Use 

Pate 
Supply 
Volts 

Grat 
Bias 

Screen 
 Volts 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
ductance 

Micromhos 

Amp. 
Factor 

4 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Prototype 
Volts In Out Plate- 

Grid 

19J6 Twin Triode B. 7BF 18.9 0.15 2.0 0.4 1.5 Class-A, Amp. 100 50* - - 8.5 , 7100 5300 38 - -- - 

19T8 Triple-Diode Triode B. 9E 18.9 0.15 1.5 1.1 2.4 Class-A, Amp. 250 - 3 -- - 1.0 5800 1200 70 - - - 

19V8 Triple-Diode Triode B. 9AH 18.9 0.15 - - - Characteristics same as 6V8 - 

19X8 Triode Pentode B. 9AK 18.9 0.15 4.3 0.7 0.09 
Triode Osc. 150 2 

- 3.5 

-23 
0 

- 5.0 

001( gridleak 

150 

13 3.6 Ma. grid cu rent 

Pentode Mixer 150 

180 
180 

1.8 6.2 - 2100 - --- - 

21A6 B.F. Pentode B. 9AS 21.5 0.3 14.3 6.5 0.4 
Horizontal 
Time Base 

180 
180 

250 

3 45 - 6500 - - - - 
29 430 - - - - - 

258K5 Boom Power Amp. B. 9BQ 25 0.3 13 5.0 0.6 Class-A, Amp. 250 3.5/10 35/37 100000 8500 - 6500 3.5 --

26A6 B. 78K 26.5 0.07 6.0 5.0 .0035 Class-A, Amp. 250 125* 100 4 10.5 1000000 4000 - -• - --• 

2611146 Duodiode Triode B. 7BT 26.5 0.07 -- - -- Class-A, Amp. Same os 68K6 --

26C6 Duplex-Diode Triode B. 78T 26.5 0.07 1.8 1.4 2 Class-A, Amp. 250 - 9 - --. 9.5 8500 1900 16 - - --

26CG6 Semi-Remote Cut-off 
Pentode 

B. 78K 26.5 0.07 5.0 5.0 0.008 Class-A, Amp. 250 - 8 150 2.3 9.0 720000 2000 - - - --

2606 Pentagrid Convener B. 7CH 26.5 0.07 Osc. Grid 20000 U Convener 250 - 1.5 100 7.8 3.0 1000000 475 - - - -. 

3585 Beam Power Amplifier B. 78Z 35 0.15 11 6.5 0.4 Class-A, Amp. 110 - 7.5 110 7 41 - - 5800 40. 2500 1.5 351.6GT 

35C5 Beam Power Amplifier B. 7CV 35 0.15 12 6.2 0.57 Class-Ai Amp. 110 - 7.5 110 3/7 40/41 - 5800 2500 1,5 -.-

SOBS Beam Power Amplifier B. 78Z 50 0.15 13 6.5 0.50 Class-A Amp. 110 - 7.5 110 4.0 49.0 14000 7500 - 3000 1.9 SOL6GT 

5005 Beam Power Amplifier B. 7CV 50 0.15 - - -- Class-A, Amp. 11.0 - 7.5 110 4/8.5 49/50 10000 7500 - 2500 1.9 - 

5590 Pentode B. 7BD 6.3 0.15 3.4 2.9 0.01 Class-A, Amp. 90 820* 90 1.4 3.9 300000 2000 - - - ---

5591 R.F. Pentode B. 7BD 6.3 0.15 3.9 2.85 0.01 Class-A, Amp. 180 200* 120 2.4 1.7 690000 5100 3500 -- - ---

5608 Sharp Cut-off Pentode B. 7BD 6.3 1.75 4 2.9 0.02 Class-A Amp. 120 -12 120 2.5 7.5 340000 5000 - - - - 

5610 Triode B. 6CG 6.3 0.15 - - -- Class-A Amp. 90 - 1.5 - - 17 3500 4000 14 -• --- - 

5654 Sharp Cut-off Pentode B. 7BD 6.3 0.175 4 2.9 0.02 Class-A, Amp. 120 200* 120 2.5 7.5 340000 5000 - - -..- ..-

5656 Double Tetrode B. 9F 6.3 0.4 3.6 1.5 0.06 Class-A, Amp." 150 - 2 120 2.7 15 60000 5800 - - --- - 

5670 Dual Triode B. 8CJ 6.3 0.35 2.2 1.0 1.3 Class-A, Amp. 150 240* - - 8.2 - 5500 35 - -- 7F8 

5686 Power Pentode B. Fig. 29 6.3 0.35 6.4 4.0 0.11 Class-A, Amp. 250 

250- -12.5 

120 

-12.5 250 5 27 - 3100 - 9000 2.7 - 

5687 Dual Triode B. 9H 
12.6 0.45 

4 0.45 3.1 Class-A Amp. 
- - 16 4000 4100 16.5 - ..---

6.3 0.9 - 2 - - 34 2000 10000 20 --- - 

5722 Noise Generating Diode B. SCB 2/5.5 1.6 - 1.5 - Noise Generator 200 - - - 35 - - - - - - 

5725 Semi-Remote Cut-off 
Pentode 

B. 7CM 6.3 .175 --, -- -- Class-A, Amp. 120 - 2 120 3.5 5.2 - 3200 - - 

5726 Twin Diode B. 6BT 6.3 0.3 - 3.2 -- Rectifier Maximum a.c. voltage per plate = 117; Maximum d.c. Ma per plate 

- 

=9. 

- 

- 

5749 Remote Cut-off Pentode B. 78K 6.3 0.30 5.5 5.0 .0035 Class-A, Amp. 250 68* 100 4.2 11 1 Meg. 4400 - - 

5750 Pentagrid Converter B. 7CH 6.3 0.30 Osc. Grid 200001( Converter 250 - 1.5 100 7.5 2.6 1 Meg. 475 0.5", - - - 

5751 Dual Triode B. 9A 12.6 .175 - ---- - Class-A, Amp. 250 - 3 - - 1.1 58000 1200 70 -- - 12SL7GT 

5755 Double Triode B. 9J 
12.6 0.18 

- -- D.C. Amp. 310 150K* - - 0.15 140000 500 70 900000 -- - 
6.3 0.6 

5812 Beam Pentode B. 7C0 6.3 0.65 9 7.4 0.2 Class-A, temp. 250 -23 250 1.8 4-0-  55000 4100 -- - - - 

5814 Dual Triode B. 9A 
6.3 0.35 

1.6 0.5 1.5 Class-A, Amp. 250 - 8.5 

62* 

470* 

- 

- 

----- 

..-- 10.5 6250 2200 19.5 --r-- - 12SN7GT 
12.6 .175 

5842 
417A 

Triode B. 9V 6.3 0.3 9.0 0.48 

0.5 

1.8 

2.7 

Class-A, Amp. 

Class-A, Amp. 

150 

100 

300 

- 26 1800 

79.50 

24000 

3490 

43 - - 

-.-- 

- 

6J6 
- 5-414-4 Twin Triode B. 7BF 6.3 0.3 2.4 - 4.8 27 - 

5845 Double Triode B. SCA 4.3 0.435 - - - Noise Generator 

- 8.5 160-  

100 

(Plates tied together) 600000 ---- ----

5847 Sharp Cut-off Pentode B. 9X 6.3 0.3 7.1 2.9 0.04 Class-A, Amp. 160 4.5 - - 12500 --- - - •••--

5879 Sharp Cut-off Pentode B. 9A0 6.3 0.15 2.7 2.4 0.11 Class-A, Amp. 250 - 3 0.4 1.8 2 Meg. 1000 - -'-'' - 

5910 Sharp Cut-off Pentode B. 6AR 1.4 0.05 3.6 7.5 0.008 Class-A, Amp. 90 0 90 0.45 - 1.5 Meg. goo -. - - - 

5915 
Dual Control Sharp 
Cut-off Heisted. 

B. 704 6.3 0.3 7.2 8.6 0.3 Switch 30 - 5.5 75 8.25 6 



TABLE XI- MINIATURE RECEIVING TUBES-Continued 
- 

Type Name Bose 
Socket 
Connec-
'ions 

Filament Capacitance 

Out 

ppfd. 

Plate- 
Grid 

Use 
Plate 
Supply 

Grid 
Bias 

Screen 
Volts 

Screen 
Current 
ma. 

Plate 
Current 
Mo. 

Plate 
Resistance 
Ohms 

Tronscon- 
ductance 

Micromhos 

Am ... 
F.cte'; 

Lead 
Resistance 
Ohms 

Power 
Output 
M-Watts 

Type Volts Amp. In 

5920 Twin Triode 

Dual Triode 

B. Fig. 70 6.3 0.4 3.1 0.3 2.6 Class-A Amp." 100 - 1.8 - -- 8.5 -- 5500 25 - - - 

3963 B. 9A 
12.6 0.15 

1.9 -.- 1.5 Class-Ai Amp. 67'.5 0 - -... 7' 7850 2800 22 - - - 6.3 0.3 
5964 Dual Triede B. 7BF 6.3 0.45 2.1 -- 1.3 Class-At Amp. 100 50* -- - 9.5, 6500 6000 39 -- -,-- --. 

5965 Twin Triode B. 9A 
12.6 0.225 

3.8 0.5 3.0 Class-A Amp." 150 220* -- - 8.2 7250 6500 47 .-- ..- -. 6.3 0.45 

6005 Beam Power Amplifier B. 78Z 6.3 0.45 .=-- - Class-Ai Amp. 230 -12.5 250 4.5/7 45/47 52000 4100 --• 5000 4.5 
Class-Alit 1 250 -15 250 5/13 70/79 60000 3750 - 10000 10 

6057 Twin Triode B. 9A 
12.6 0.15 

1.6 
_ 

0.46 
1.7 Class-A Amp." 250 - 2 -.- - 1.2 62500 1600 100 -- -- I2AX7 6.3 0.3 0.34 

6058 Twin Triode B. 6BT 6.3 0.3 - 3.2 -- Detector Max. r.m.s. volts = 150; Max. d.c. Ma. =9 6ALS 
6059 H.F. Pentode B. 9BC 6.3 0.15 4.23 4.0 0.01 Class-As Amp. 250 - 3 100 0.6 2.1 2500000 1250 - -.. 6J7 

6060 Dual Triode B. 

B. 

9A 

9AM 

12.6 0.15 
2.25 

------ 

0.4 1.6 Class-A Amp." 250 - 2 - - 10 10000 5500 55 -.... --.- 12AT7 6.3 
6.3 

0.3 

0.45 6061 Beam Pentode -,-,-.= ••-- Class-A Amp. 315 13 225 2.2 34 77000 3750 - 8500 5.5 6V6GT 
6062 R.F. Beam Pentode B. 9K 6.0 0.75 9.5 4.5 0.3 Class-C Amp. 300 -60 250 5 50 - - - -- 8 5763 
6064 R.F. Pentode B. 7BD 6.3 0.3 7.8 3.9 '0.01 Class-A Amp. 250 - 2 250 - 10 1000000 7500 - ...- -- 6AM6 
6066 Dual Triode IL 7BT 6.3 0.3 2.3 1.1 2.1 Class-A Amp." 250 - 3 - - 1.0 58000 1200 70 - -- 6AT6 

6067 Twin Triode B. 9A 
12.6 0.15 

1.6 
0.5 

1.5 Class-A Am" p. 250 - 8.5 .-..» - 10.5 7700 2200 17 -.- .-.= I2AU7 6.3 0.3 
-0.35 

0.35 

6072 La-Noise Twin Triode B. 9A 6.3 1.4 0.5 1.4 Class-At Amp. 250 - 4.0 - 3.0 25000 1730 44 -- - 12AY7 
6084 Pentode 1 B. 9BJ 6.3 

e 12.6 
0.3 5.1 7.1 0.025 

-2.6 
Class-A Amp. 250 - 2 100 0.55 3 1800000 1850 -..- - -- -.-

6085 Dual Triode B. 9A 
0.3 2.8 1.2 

Class-A Amp." 250 - 5.5 - -- 6 ..... 2700 30 -.-- -.- --. 

----

6.3 0.6 2.7 1.3 2.73 
-- 

6086 Pentode B. 98K 18 0.1 8.8 
- 3.6 

0 r--.015 Class-A Amp. 210 180* 120 1.7 8.3 440000 8200 -- 20000 0.66 
6132 R.F. Pentode B. 9BA 6.3 0.75 14 5 0.25 Video Amp. 

-Class-At 
250 - 4.5 250 6 40 50000 11000 -=-. -,-.- --- 6CH6 

6135 Med.-Mu Triode B. 6BG 6.3 0.173 1.5 0.7 1.4 Amp 250 - 8.3 -- - 10.5 7700 2200 17 -..- 6C4 
6136 Sharp Cut-off Pentode B. 78K 6.3 0.3 6.0 5.0 0.0035 Class-At Amp. 250 68* 150 4.3 10.6 1000000 5200 -.- -.-- 6AU6 

6158 Twin Triode B. 9A 
12.6 0.3 

2.3 0.95 2.1 Class-A Amp." 230 - 4.6 .- 6 14000 2300 32 ..- - .-, 6.3 0.6 

6201 U.h.f. Triode B. 9A 6.3 0.3 2.3 0.4 1.6 Class-At Amp. 250 200* - - 10 10900 5500 60 .-- -- 12AT7 

6216 
Filter Reactor- 
Beam Power Tube B. Fig. 73 6.3 1.2 12.3 6.7 0.37 

Filter Reactor 400 - 1 100 D.C. ou put = 333 volts at 100 Ma. d.c. load. 
Class-A Amp. 200 - 6 100 2/4 47/51 38800 8800 - 4500 3.8 

9001 Sharp Cut-off Pentode B. 7PM 6.3 0.15 3.6 3.0 0.01 
Class-A Amp. 250 - 3.0 100 0.7 2.0 1 meg.-F 1400 -...- •••••.- ..=. 
Mixer 230 - 5.0 100 Osc, peak voltage 4 volts 350 - «.-. 

9002 
Triode Detector, 

Amplifier, Oscillator 
B. 7TM 6.3 0.15 1.2 1.1 1.40 Class-A Amp. 

250 - 7.0 -• - 6.3 11400 2200 25 - .. 
90 - 2.5 - 2.5 14700 1700 23 - --. 

9003 Remote Cut-off Pentode B. 7PM 6.3 0.15 3.6 3.0 0.01 
Class-A Amp. 230 - 3.0 100 2.7 6.7 J 700000 1800 -• - 
Mixer 250 -10.0 100 Osc. peak voltage 9 volts 600 -. .-- - 

9006 U.h.f. Diode B. 6BH 6.3 0.15 - -.. •-• Detector Max a.c. voltage-270. Max. d.c. ou put current-5 ma. - 
17 OW later gridlock ohms. 
*Cathode resistor-ohms. 
, Per Plate. 
'Maximum-signal current for full-power output. 

Values'are for two tubes In push•pull 
Unless otherwise noted. 
No signal plate ma. 

l'Effective plate-to-plate. 
Triode No. 1. 
•Triode No. 2. 

Grid Na. 2 tied to plate and No. 3 to cathode. 
10 Oscillator grid current Ma. 
11. Values for each section. 
',Between G, and G.. 



TABLE XII- SUB-MINIATURE TUBES 

TYP• Name Base 
Socket 
Connec- 
tiens 

Fil. or Heater Capacitance pfd. 
Use 

Plate 
Supply 
Volts 

Grid 
Bias 

Screen 
Volts 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Tm - 
ductance 
Micromhot 

Amp. 
F. - 
Factor 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type 
Volts Amp. In Out Plate- 

Grid 

11AC.5 Power Pentode Be. Fig. 14 1.25 0.04 - - - Class-Ai Amp. 67.3 -4.5 67.3 0.4 2.0 150000 750 -. 25000 0.05 lACS 

lAD4 Pentode 2 1.25 0.1 4.5 4.5 0.01 Class-A1 Amp. 45 0 45 0.8 3.0 500000 2000 -- -- - 1 AD4 

lAD5 Sharp Cut-off Pentode Bs. Fig. 16 1.25 0.04 1.8 2.8 0.01 Class-Ai Amp. 67.5 0 67.5 0.75 1.85 700000 735 -- - .- 1 AD5 

1AE5 Heptode 1 2 1.25 0.06 4.9 2.1 4.0 Mixer 45 0 45 2.0 0.9 200000 200 - - - 1 AE5 

lAH4 R.F. Pentode I 2 1.25 0.04 3.5 4.5 0.01 Class-Ai Amp. 67.5 0 67.5 0.2 0.75 2000000 750 - --- - lAH4 

lAJ5 Diode Pentode 1 2 1.25 0.04 1.7 2.4 0.1 Class-Al Amp. 45 0 45 0.3 1.0 300000 425 - - - IAJ5 

1C8 Heptode - 1.25 0.04 6.5 4.0 0.25 Converter 30 0 30 0.75 0.32 300000 100 - -- ----, 1C8 

1D3 Triode I 2 1.25 0.3 1.0 1.0 2.6 Class-A Amp. 90 -5 - - 12.5 - 3400 8.7 -- - 1D3 

1E8 Pentagrid Converter Be. Fig. 27 1.25 0.04 6 - - Converter 67.3 0 67.5 1.5 1.0 - 150 - --- 1E8 

106 Diode Pentode Be. 8C0 1.25 0.04 1.8 4.2 0.085 

- 

Class-A Amp. 67.5 0 

0 

67.5 

- 67.5 

0.4 1.6 400000 600 - 

- 

- 

- 

- 106 

1S6 Diode Pentode Bs. IDA 1.25 0.04 - - Detector Amp. 67.5 0.4 1.6 400000 600 --- - 156 

1T6 Diode-Pentode Be. Fig. 28 1.25 0.04 - - - Class-Ai Amp. 67.5 0 67.5 0.4 1.6 400000 600 - - - 1T6 

1V5 Audio Pentode t 2 1.25 0.04 - Class-Ai Amp. 67.5 -4.5 67.5 0.4 2.0 150000 750 - 25000 0.05 1V5 

1V6 Triode Pentode 1 2 1.25 0.04 -. 
Pentode 45 0 45 0.15 0.4 1000000 200 - - - 

1V6 
Triode Osc. 45 Osc. grid current •-- 2 ).. amp. through 1 Meg. gridleak 

1W5 Sharp Cut-off Pentode 1 2 1.25 0.04 2.3 3.5 0.01 Class-A, Amp. 67.5 0 67.5 0.75 1.85 700000 735 --- - - 1W5 

285 

2E31 

Twin Triode 

R.F. Pentode 

I 

1 

2 

2 

1.2 
- 

0.26 
- -- 0.8 0.8 1.2 Class-A Amp. 90 -1 - - 2.6 18700 1150 21.5 -- - 285 

2.4 
_v 

0.13 

1.25 0.05 Class-Al Amp. 22.5 0 22.5 0.3 0.4 - 500 - - -- 2E31 

2E32 R.F. Pentode I 2 1.25 0.05 Class-A Amp. 22.5 0 22.5 0.3 0.4 350000 500 -- - - 2E32 

2E35 Audio Pentode I 2 1.25 0.03 Class-A, Amp. 22.5 0 22.5 0.07 0.27 - 385 - - 0.0012 2E35 

2E36 Audio Pentode I 2 1.25 0.03 Class-Al Amp. 
22.5 0 22.5 0.07 0.27 220000 385 - 150000 0.0012 

2E36 
45 -1.25 45 0.11 0.45 250000 500 -- 100000 0.00 

2E41 Diode Pentode I 2 1.25 0.03 - - - Detector Amp. 22.5 0 22.5 0.12 0.35 - - - - 2E41 

2E42 Diode Pentode 1 2 1.25 0.03 Detector Amp. 22.5 0 22.5 0.12 0.35 250000 375 --- 1 meg. - 2E42 

2G21 Triode Herded° 1 2 1.25 0.05 - - - Converter 22.5 - 22.5' 0.2 0.3 - 75 - --- 2G2I 

2G22 Converter 1 = 1.25 0.05 Converter 22.5 0 22.5 0.3 0.2 500000 60 - - - 2022 

6AD4 Triode Bs. 2 6.3 0.15 2.8 3.2 1.31 Class-Ai Amp. 100 820* - 1.4 26000 2700 70 - - 6AD4 

6AZ5 Dual Diode I 2 6.3 0.15 - - - 

0.19- Class 

Rectifier Max. a.c. volts- 150. 

100 

Peak 

1.25 

inverse volts-420. Peak Ma.-  

3300 

24. Av. 

- 

Ma.-4.0 6AZ5 

68A5 Pentode I 2 6.3 0.15 4.0 6.5 -Ai Amp. 100 270* 4.8 150000 - - 68A5 

68F7 Dual Triode Be. 8DG 6.3 0.3 2.0 1.6 1.5 R.F. Amp. 100 100* - - 8.0 7000 4800 35 - - 68127 

6BG7 Dual Triode Bs. 8DG 6.3 0.3 2.0 1.6 1.5 R.F. Amp. 100 100* - - 8.0 7000 4800 35 - ---- 61167 

6K4 Triode I 2 6.3 0.15 2.4 0.8 2.4 Class Ai Amp. 200 680* - - 11.5 4650 3450 16 -- - 6K4 

1247 Diode 1 2 0.7 0.065 - - - R.F. Probe Max. a.c. volts-300 r.m.s. D.0 plate current-0.4 Mo. 1247 

CK501 Pentode Voltage Amplifier - 1 = 1.25 0.033 - - - Class-A Amp. 
30 0 30 0.06 0.3 1000000 325 

- - CK501 
45 -1.25 45 0.055 0.28 1500000 300 

CK502 Pentode Output Amplifier - I = 1.25 0.033 - - - Class-A Amp. 30 0 30 0.13 0.55 500000 400 - 60000 0.003 CK502 

CK503 Pentode Output Amplifier -- I 2 1.25 0.033 - --- - Class-A Amp. 30 o 30 0.33 1.5 150000 600 - 20000 0.006 CK503 

CK504 Pentode Output Amplifier - I 2 1.25 0.033 - - - Class-A Amp. 30 -1.25 30 0.09 0.4 500000 350 - 60000 0.003 CK504 

CK505 Pentode Voltage Amplifier - 1 - 0.625 0.03 - - - Class-A Amp. 
30 0 30 0.07 0.17 1100000 140 

- - CK505 
45 

- 

-1.25 45 0.08 0.2 2000000 150 

CK506 Pentode Output Amplifier -I 2 1.25 0.05 - - - Class-Al Amp. 

-Class-Ai 

45 -4.5 45 0.4 1.25 120000 500 - 30000 0.025 CK506 

CK507 Pentode Output Amplifier -- I 2 1.25 0.05 - - 
- 
-- Amp. 45 -2.5 45 0.21 0.6 360000 500 --- 50000 0.010 CK507 

CK509 Triode Voltage Amplifier - 1 = 0.62e 0.03 - Class-A Amp. 45 0 - - 0.15 150000 160 16 1000000 --- CK509 

CX510 Dual Space-Charge Tetrode - 1 2 0.625 0.05 - - Class-A Amp. 45 0 0.2 200 µº 60 pa 500000 65 32.5 - - CK510 

CK512 Low Microphonic Pentode 1 2 0.625 0.02 - Voltage Amp. 22.5 0 22.5 0.04 0.125 - 160 - - - CK412 

«éK515BX Triode Voltage Amplifier - 2 2 0.625 0.03 - - - Class-A Amp. 45 0 - - 0.15 - 160 24 1000000 -- CK5 I 58X 

CK520AX Audio Pentode I 2 0.625 0.05 - - - Class-AI Amp. 45 -2.5 45 0.07 0.24 - 180 - 0.0045 CK520AX 

CK521AX Audio Pentode 1 2 1.25 0.05 - --- - Class-Al Amp. 22.5 -3 22.5 0.22 0.8 - 400 - 0.006 CK521AX 



TABLE XII- SUB-MINIATURE TUBES- Continued 

Typo Name 
I 
Base 

Socket 
Connec- 
8688 

Fil. or Heater Capacitance µAd. Plate 
Supply 
Volts 

Grid 
Bias 

Screen 
Volts 

Screen 
Current 
Mo. 

Plate 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Transcon- 
ductance 
Microm hos 

Amp.Resistance 
Facto 

Load 

Ohms 

Power 
Output 
Watts 

Type Volts Amp. In Oui Plated- 
Use 

CK522AX Audio Pentode 1 1 1.25 0.02 - - Class-Ai Amp. 22.5 0 22.5 0.08 0.3 - 450 - - 0.0012 CK522AX 
CIC523.1sX Pentode Output Amp. 1 .--. 1.25 0.03 ..- -. - Class-A Amp. 22.5 -1.2 22.5 0.075 0.3 .-- 360 -. 0.0025 CK523AX 
CK524AX Pentode Output Amp. 1 1.25 0.03 - --.. - Class-A Amp. 15 -1.75 15 0.125 0.45 -- 300 -.-. -.. 0.0022 CK524AX 
acs2sAx Pentode Output Amp. 1 1.25 0.2 •••• - - Pass-A Amp. 22.5 -1.2 22.5 0.06 0.25 - 325 .- - 0.0022 C.K525AX 
CK526AX Pentode Output Amp. 1 - 1.25 0.2 -. -• --• Class-A Amp. 22.5 -1.5 22.5 0.12 0.45 - 400 -.• - 0.004 C1C526AX 
C1C527AX Pentode Output Amp. 1 ••••• 1.25 0.015 ..- .- - Class-A Amp. 22.5 0 22.5 0.025 0.1 - 75 - 0.0007 CIC527AX 
CK529AX Shielded Output Pentode 1 1.25 0.02 -•• - ......... Class-A Amp. 15 -1.5 15 0.05 0.2 - 275 - - 0.0012 CIC529AX 
CK551AXA Diode Pentode 1 2 1.25 0.03 -.. ,.... - Detector-Amp. 22.5 0 22.5 0.04 0.17 - 235 - -- - CK551AXA 
CK 553AXA R.F. Pentode 1 2 lag 0.05 - -... Class-A1 Amp. 22.5 0 22.5 0.13 0.42 -.••• 550 - - - CK553AXA 
C1C556AX U.h.f. Triode 1 2 1.25 0.125 - - - R.F. Oscillator 135 -5 - - 4.0 - 1600 - - -. CKSS6AX 
C1C568AX U.h.f. Triode I 2 1.25 0.07 - - - R.F. Oscillator 135 -6 - .-.. 1.9 - 650 - - - CK568AX 
C1C569AX R.F. Pentode 1 2 1.25 0.05 -. - Class-A1 Amp. 67.5 0 67.5 0.48 1.8 - 1100 - - - CK569AX 
CK605CX Sharp Cut-off Pentode 1 - 6.3 0.2 •••••- .- - Class-A Amp. 120 -2 120 2.5 7.5 - 5000 - •••-• - CK605CX 
PC6068X Single Diode 1 1 6.3 0.15 - - Detector 150 a.c. - --...-. - 9.0 d.c - - - .-..- - CK606BX 
CK608CX U.h.f. Triode I 1 6.3 0.2 --- - - 500-Mc. Osc. 120 -2 - --- 9.0 - 5000 - - 0.75 CK608CX 
CK619CX HI-Mu Triode 1 2 6.3 0.2 - - - Class-Ai Amp. 250 -2 --• - 4.0 - 4000 - ...- - CK619« 
CK624« Sharp Cut-off Pentode 1 - 6.3 0.2 .. - - Class-A Amp. 120 -2 120 3.5 5.2 - 3000 .- -• .- CK624CX 
CK650AX Sharp Cut-off Pentode 1 2 6.3 0.2 - - - Class-Ai Amp. 120 -2 120 2.5 7.5 - 5000 - ---. - CK650AX 
CICS672 Pentode Output Amp. 1 - 1.25 0.05 - •-•••• - Class-A Amp. 67.5 -6.25 67.5 1.0 2.75 - 625 .---• -... 0.06 «5672 
HY113 
HY123 Triode Amplifier -.- 1 5K 1.4 0.07 - - ---• Class-A Amp. 45 -4.5 --• - 0.4 25000 250 6.3 40000 0.0065 

HY113 
Hy823 

HY115 
HY145 Pentode Voltage Amplifier ... 1 5K 1.4 0.07 .-.• ....». - Class-A Amp. 45 

80 -1.5 
-1.5 22.5 

45 
0.008 
0.1 

0.03 
0.48 

5200000 
1300000 

58 
270 

300 
370 "-. '-'..» 

HY115 
HY145 

HY125 
HY155 P entode Power Amplifier 5K 1.4 007 - -. - Class-A Amp.  45 

80 -3.0 _ 7.5 45 
90 

0.2 
0.5 

0.9 
2.6 

825000 
420000 

310 
450 

255 
190 

50000 
28000 

0.0115 
0.09 

HY125 

HY155 
M54 Tetrode Power Amplifier 1 2 0.625 0.04 ---- - - Class-A Amp. 30 0 30 0.06 0.5 130000 200 26 35000 0.005 M54 
M64 Tetrode Voltage Amplifier 1 2 0.625 0.02 - - - Class-A Amp. 30 0 - - 0.03 200000 110 25 - - M64 
M74 Tetrode Voltage Amplifier 1 2 0.625 0.02 - - - Class-A Amp. 30 0 7.0 0.01 0.02 500000 125 70 - .-- M74 
RK61 Gas Triode 1 

2 1.4 0.05 - -. ----• Radio Control 45 - --.. -. 1.5 - ---• - - - RK61 
SD917A 
5657  Triode 1 2 6.3 0.15 2.6 0.7 1.4 Class-At Amp. 100 8201 .-.-.. .. 1.4 26000 2700 70 

•-•- •-• 
D917A 
637 

50828A 
5638 Audio Pentode 1 2 6.3 0.15 4.0 3.0 0.22 Class-A1 Amp. 100 2701 100 1.25 4.8 150000 3300 ••• D828A 

5638 

50828E 
5634 Sh Sharp Cut-aft d t ff P t C 4 63 ....8 015 44 2 01 .0 Class-Ai Amp. 100 150 • 100 2.5 6.5 240000 3500 - ...... .- SD828E 

5634 
514944 
5633  Remote Cut-off Pentode 4 6.3 0.15 4.0 2.8 0.01 Class-Ai Amp. 100 150* 100 2.8 7.0 200000 3400 - •-•-• --. N944 

5633 
SN 946 Diode 1 2 6.3 0.15 1.8 - Rectifier 150 - - -..- 9.0 - - - - - SN946 
SN9470 
5640 Audio Beam Pentode 1 2 6.3 0.4S - -..--- - Class-A1 Amp. 100 -9 100 2.2 31.0 15000 5000 -. 3000 1.25 SN947C 

5640 
SN948C Voltage Regulator 1 ..... ....... 081781.10, Operating voltage.= 93; Max. current= 25 Ma. SN948C 
SN953D Power Pentode 1 6.3 0.13 9.5 3.8 0.2 Class-A Amp. 150 1001 100 4/7.5 21/20 50000 9000 - 9000 1.0 SN9SSD 
SN954 
5641 Half-Wave Rectifier I 2 6.3 0.45 - - - Rectifier 300 - -- - 45.0 - --. -. --• .- N954 

641 
5N95511 Dual Triode 1 1 6.3 0.45 2.8 1.0 1.3 Class-A1 Amp. 1 100 100' - - 5.5 8000 4250 34 -- - 5N9558 
SN956B 
5642  H.V. Half-Wave Rectifier .-•-. 1.25 0.14 -- - H.V. Rectifier Peak Inverse V. 10000 Max. Average ip 2 Ma. Peak ip = 23 Ma. SN95613 

5642 
SN957A 
5645 

Triode 1 2 6.3 0.15 2.0 1.0 1.8 Class-AI Amp. 100 560. ---- --• 5.0 7400 2700 
20 -. 

SN957A 
5645 

SN1006 Triode 1 1 6.3 0.15 Class-A1 Amp. 100 820 1 - - 1.4 29000 2400 70 - -- SN1006 
SN100711  Mixer 4 - 6.3 0.15 5.0 2.8 0.003 Mixer 100 1501 100 5.0 4.0 230000 900 - - ---- SN1°°78 



TABLE XII- SUB-MINIATURE TUBES- Continued 

TYP• Name Base 
Socket Fil. or Heater Capacitance mufd. 

Use 
Plate 

Supply 
Volts 

Grid 
Bias 

Screen 
Volts 

Screen 
Current 
Ma. 

Plate 
Current 
Mo. 

Plate 
Resistance 
Ohms 

Transcon- 
ductance 
Micromhos 

Amp. 
Factor 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type Comes- 
Hens Volts Amp. In Out Plate'  

Grid 

5635 Dual Triode Bs. 8DB 6.3 0.45 2.6 1.6 1.2 Class-A Amp., 100 100* - - 4.8 10000 3800 38 - --- 5635 

5636 Pentode Mixer Bs. 8DC 6.3 0.15 4.0 1.9 0.034 Class-A Amp. 100 150* 100 4.0 5.6 110000 3200 -- - - 5636 

5639 Video Pentode , IIDL 6.3 0.45 9.5 7.5 0.10 Class-At Amp. 150 100* 100 4.0 21 50K 9000 - 9000 1.0 5639 

5641 Single Diode I 6C.I 6.3 0.45 - - •-- H. W. Rectifier 235 volts a.c. max.; 45 Ma. d.c. output. 5641 

5643 Tetrode Thyratron I 8DD 6.3 0.15 1.7 1.6 0.1 
Relay Tube Grid 
Contr. Rect. 

Peak anode volts = 500; Inv. volts = 500; Peak lk = 100 Ma.; Avg. =22 Ma. 5643 

5644 Cold Cathode Diode I 4CN •-•-•-• - --.- -.. .- Voltage Reg. 
Starting voltage = 125 max. d.c. Operating voltage =95. 
Operating current = 5-25 Ma. Regulation =4 volts approx. 

5644 

5646 Triode I - 6.3 0.15 2.4 3.4 1.2 Class-A Amp. 100 820* - 1.4 29000 2400 70 -...- - 5646 

5647 Single Diode , BI 6.3 0.15 2.2 - .-- H. W. Rectifier 150 volts a.c. max; 9 Ma. d.c. output. 5647 

5672 Power Pentode t 2 1.25 0.05 - - -- Class-A Amp. 67.5 -6.5 67.5 1.1 3.25 .-- --•-• 20000 0.065 5672 

5676 Triode 1 2 1.25 0.12 1.3 4 2 Class-A Amp. 135 - S - •••••.- 4 ..--- 1600 15 - - 5676 

5677 Triode 1 2 1.25 0.06 1.3 3.8 2 Class-A Amp. 135 - 6 - -....- 1.9 .---- 650 13.5 - - 5677 

5678 Pentode 1 2 1.25 0.05 3.3 3.8 .01 Class-A Amp. 67.5 0 67.5 0.48 1.8 1000000 1100 - - - 5678 

5697 Lo-Mu Triode I ..-- 0.625 0.02 .-- - Class-A Amp. 12 -3 - - 0.22 ----, 135 2.1 - - 5697 

5702 Remote Cut-off Pentode I --•-• 6.3 0.2 4.4 3.5 0.03 Class-A Amp. 120 200* 120 2.5 7.5 340000 5000 - -.- - 5702 

5703 Medium Mu Triode I - 6.3 0.2 2.6 0.7 1.2 Class-A Amp. 120 220* - - 9 - 5000 25 •-•.- - 5703 

5704 Diode I - 6.3 0.15 - - - Max. RMS plate volts = 150; Max. d.c. Ma. = 9; Peak le = 54 Ma.; Inve se volts = 420. 5704 

5718 U.h.f. Medium-Mu Triode t SIDK 6.3 0.15 2.2 0.7 1.4 
Class-As Amp. 150 180* - - 13 4150 6500 27 - - 

5718 
U.h.f. Oscillator 150 -12 Fine. = 500 20 Ig = 3.7 Ma. 0.9 

5719 HI- Mu Triode a 8DK 6.3 0.15 2.4 0.6 0.7 Class-As Amp. 150 680* - - 1.7 26000 2700 70 -.- - 5719 

5744 HI-Mu Triode I - 6.3 0.2 - --•- --• Class-A Amp. 250 500* .-- ---• 4.0 .-- 4000 70 - - 5744 

5784 Dual-Control Pentode I --. 6.3 0.2 3.9 3.0 0.03 Class-A Amp. 120 -2 120 J 4.8 3.6 .--- 1850 - - - 5784 

5785 High Voltage Diode , ------ Max. d c. 1p = O. Ma.; Peak Ir =0.45 Ma.; Max. peak inverse vol s = 3500. 5785 

5840 U.h.f. Sharp Cut-off Pent, I 8DL 6.3 0.15 4.2 4.0 0.015 Class-At Amp. 100 150* 100 2.4 7.5 230K 5000 - - - 5840 

5851 Pentode Power Amplifier. t 6CL 
2.5 0.055 

2.5 3.0 0.055 Class-A Amp. 125 -7.S 125 0.9 5.5 175000 1600 - - - 5851 
1.25 0.11 

5896 U.h.f. Dual Diode , IIDJ 6.3 0.3 3.0 - - Det.-Rectifier 150 volts a.c. max.; 9 Ma. d.c. output per plate. 5896 

5897 U.h.f. Medium-Mu Triode 1 8DK 6.3 0.15 2.2 0.7 1.4 
Class-At Amp. 150 180* - -• 13 4150 6500 27 - -...-

5897 
U.h.f. Oscillator 150 -12 -.... - 20 Ig = 3.7 Ma. Fmc. = 500. 0.9 

5898 Hi-Mu Triode I 8DK 6.3 0.15 2.4 0.6 0.7 Class-At Amp. 150 680* --. - 1.7 26000 2700 70 - - 5898 

5899 U.h.f. Semi-Remote Pent. , BOL 6.3 0.15 4.4 4.0 0.015 Class-At Amp. 100 120* 100 2.2 7.2 260K 4500 - - - 5899 

5900 U.h.f. Semi-Remote Pent. , BOL 6.3 0.15 4.4 4.0 0.015 Class- At Amp. 100 120* 100 2.2 7.2 260K 4500 - ---- - 5900 

5901 U.h.f. Sharp Cut-off Pent, 1 Ilin 6.3 0.15 4.2 4.0 0.013 Class-At Amp. 100 150* 100 2.4 7.5 230K 5000 - - - 5901 

5902 Audio Beam Pentode I 8DL 6.3 0.15 6.5 7.5 0.11 Class-At Amp. 110 270* 110 2.2 30 ISK 4200 - 3000 1.0 5902 

5903 U.h.f. Dual Diode I BOJ 26.5 0.075 3.0 --- --- Det.-Rectifier 150 volts a c. max.; 9 Ma. d.c. output per p ate. 5903 

5904 U.h.f. Medium-Mu Triode , SDK 26.5 0.045 2.2 0.8 1.8 
Class-As Amp. 26.5 -3.5 -•-••• --.- 3 3800 5000 19 - - 

5904 
U.h.f. Oscillator 26.5 0 .- -.-- 20 Ig = 7.5 Ma. Fmc. = 400. 0.06 

5905 U.h.f. Sharp Cut-off Pent, I 8DL 26.5 0.045 4.4 4.2 0.015 Class-As Amp, 26.5 2.2, 26.5 0.9 2.3 110K 2850 --- - - 5905 

5906 U.h.f. Sharp Cut-off Pent, I 8DL 26.5 0.045 4.2 4.0 0.015 Class-As Amp. 100 150* 100 2.4 7.5 230K 5000 --•• - - 5906 

5907 U.h.f. Remote Cut-off Pent, 1 801. 26.5 0.045 4.4 4.0 0.015 Class-At Amp. 26.5 2.2, 26.5 1.1 2.7 125K 3000 -•• - - 5907 

5908 U.h.f. Pentode a 8DC 26.5 0.045 4.4 4.6 0.08 
Class-At Amp. 26.5 2.2, 26.5 1.6 2.3 30K 1750 - - ''''' 5908 
Mixer 26.5 2.2, 26.5 1.6 1.0 100K 800 - --.- 

5916 U.h.f. Pentode 8DC 26.5 0.045 4.2 4.0 
Class-At Amp. 100 150* 100 3.4 4.4 130K 3000 -. - ---,- 

5916 
0.015 Mixer 100 150* 100 4.6 2.5 400K 1100 --... - - 

5977 Triode Bs. 8DK 6.3 0.15 2.0 0.8 1.3 Class-A Amp. 100 270* - - 10 3650 4500 16 - - 5977 

5987 Triode Bs. 8DM 6.3 0.45 2.8 1.5 3.2 Class-At Amp. 150 -24 - - 22.5/28 2220 1850 4.1 3500 0.75 5987 

6111 Twin Triode Bs. 8DG 6.3 0.3 1.9 0.3 0.009 Class-A Amp. 100 220* - -- 8.5 4000 5000 20 - -- 6111 

Grid leakresistor, mego ms. • Cathode resistor ohms. I No base tinned wire leads. 2 Lead identified on tube. , No screen connection. +Double-ended type. , Values per triode. 



TABLE XIII - CONTROL AND REGULATOR TUBES 

Type Name Base 
Socket 
C - 
tions 

Cathode 
Fil. or Heater 

Use 
Peak 
Anode 
Voltage 

Max. 
Anode 
Ma. 

Minimum 
Supply 
Voltage 

O Operating 
Voltage 

Operating 
Ma. 

Grid 
Resistor 

Tube 
Voltage 
Drop 

Type 
Volts Amp. 

0A2 
6073 Voltage Regulator 7-pin B. 5110 Cold - ---- Voltage Regulator - - 185 150 5-30 - --. 0A2 

OAS Gas Pentode 7-pin B. Fig. 33 Cold - - Relay or Trigger Plate-750 V., Screen -90 V., Grid-1-3 V., Pul e-85 V. OAS 
082 
6074 Voltage Regulator 7-pin B. SRO Cold - - Voltage Regulator - --•-• 133 108 5-30 - ...., OB2 

0A4G 
1267 

Gas Triode 
Starter-Anode Type 6-pin O. 

4V 
4‘, Cold Cold-Cathode Starter-Anode 

Relay Tube 
With 105420-volt a.c. anode supply, peak s arter-anode a.c. voltage is 70, 

peak r.f. voltage 55. Peak d.c. ma = 100. Average d.c. ma =23. 
0A4G 
1267 

003 Voltage Regulator 7-pin B. SOO Cold - Voltage Regulator .--- - 125 85 1-6 - - 0G3 
1847 Voltage Regulator 7-pin B. - -- - - Voltage Regulator -•-• - 225 82 1-2 - - 1647 

1C21 Gas Triode 
Glow-Discharge Type 6-pin 0. 4V Cold - Relay Tube 

125445 
25 66 2 

- - 
73 

IC21 
Voltage Regulator 0.1 2 180 4 55 

2A4G Gas Triode Grid Type 7-pin O. 5S Fil. 2.5 2.5 Control Tube 200 100 - - - --• 15 2A4G 
605G 

Gas Triode Grid Type 
8-pin 0. 60 Mr. 6.3 0.6 

300 300 - - 1.0 0.140 , 19 
605G 

214 5-pin M. SA Htr. 2.5 1.4 Sweep Circuit Oscillator 
284 

2C4 Gas Triode 7-pin B. SAS Fil. 2.5 0.65 Control Tube Plate volts = 350; Grid volts = - 50; Avg. Mo. = 5; Peak Ma. = 20; Voltage drop = 16. 2C4 

2021 Gas Tetrode 7-pin B. 7BN Hit. 6.3 0.6 Grid-Controlled Rectifier 650 500 - 650 100 0.1-10 , 8 
2021 Relay Tube 400 -.-- - --» - 1.0 , ---. 

3C23 Gas and Mercury Vapor 
Grid Type 

4-pin m. 3G Fil. 2.5 7.0 Grid-Controlled Rectifier 1000 6000 
- SOO 1500 -4.5 , 15 

3C23 
- 100 1500 -2.5 , 15 

604 Gas Triode 7-pin B. SAY Htr. 6.3 0.25 Control Tube Plate volts = 350; Grid volts = -50; Avg. Ma. = 25; Peak Ma. = 100; Voltage drop = 16. 6D4 

17 Mercury Vapor Triode 4-pin M. 3G Fil. 2.5 5.0 Grid-Controlled Rectifier 
7500 

2000 
.---.- - 500 200-3000 - 

17 
2500 _5 2 1000 250 - 10-24 

874 Voltage Regulator 4-pin M. 45 ---. - --.- Voltage Regulator - - 125 90 10-50 - - 874 
876/. Current Regulator Mogul - -- -- - Current Regulator - -• - 40-60 1.7 - - 876 

884 Gas Triode Grid Type 6-pin O. 6Q Htr. 6.3 0.6 
Sweep Circuit Oscillator 300 300 - - 2 25000 - 

884 Grid-Controlled Rectifier 350 300 ---- - 75 25000 
885 Gas Triode Grid Type 5-pin S. SA Htr. 2.5 1.4 Same as Type 884 Characteristics same as Type 884 885 
8861 Current Regulator Mogul - - - - Current Regulator •- - - 40-40 2.05 .--- - 886 
967 Mercury Vapor Triode 4-pin M. 3G Fit. 2.5 5.0 Grid-Controlled Rectifier 2500 500 -5 , - - - 10-24 967 
991 Voltage Regulator Bayonet - - - -..- Voltage Regulator ........ ---- 87 55-60 2.0 - 991 
1263 Voltage Regulator 6-pin O. 4AJ Cold - - Voltage Regulator .- - 130 90 5-30 •-•-- -.-- 1265 
1266 Voltage Regulator 6-pin O. 4AJ Cold - - Voltage Regulator - - - 70 5-40 - --. 1266 
1267 Gas Triode 6-pin 0. 4V Cold -- - Relay Tube Characteristics same as 0A4G 1267 
2030 Gas Tetrode 8-pin O. 811A Htr. 6.3 0.6 Grid-Controlled Rectifier 650 500 - -- 100 0.1.-10 , 8 2050 
2051 Gas Tetrode 8-pin 0. 8BA lib. 6.3 0.6 Grid-Controlled Rectifier 350 373 - - 75 0.1410 , 14 2051 

2523N1/ 128AS Gas Tiod re Grid T ype 5i -pn M. SA Htr. 2.5 1.75 Relay Tube 400 300 - -• 1.0 300 , 13 
2523N1/ 
128AS 

5651 Voltage Regulator 7-pin B. 580 Cold - - Voltage Regulator 115 - 115 87 1.5-3.5 - 5651 
5663 Tetrede Thyratron 7-pin B 7CE Htr. 6.3 0.15 Control and Relay Max. peak inv. volts = 500; Peak Ma. = 100; Avg. Ma. = 20. 5663 
5727 Gas Tetrode 7-pin B. 7BN ter. 6.3 0.6 Grid-Controlled Rectifier 650 500 ---- 650 100 0.1 , 8 5727 
5823 Gas Triode 7-pin B. 4CK Cold - - Relay or Trigger Max. peak Inv. volts = 200; Peak Mo. = 100; Avg. Ma. = 25. 5823 

5890 Remote Cut-off 
Pentode Regulator - 12J Htr. 6.3 0.6 Shunt Regulator Rh = -60 volts; Ea, = 200 vo ts; EG3 = 5500 volts. 

EP = 30000 volts; IG, =0 Ma.; Ir Max. = 0.5 Ma. 5890 

3962 Voltage Regulator 7-pin B. 2AG Cold - --, Voltage Regulator --• - 730 700 5/55 10 - - 5962 
6140 Voltage Regulator 9-pin B. 9BY Cold - --• Voltage Regulator --• - 160 100 4-6 - •-•.- 6140 
6141 Voltage Regulator 9-pin B. 982 Cold - - Voltage Regulator - - 165 100 5-40 - - 6141 
KY21 Gas Triode Grid Type 4-pin M. -  Fil. 2.5 10.0 Grid-Controlled Rectifier - - 3000 500 -• -.- KY21 
RK61 Thyratron -, .-- Fil. 1.4 0.05 Radio-Controlled Relay 45 1.5 30 --• 0.5-1.5 3, 30 RK61 
RK62 Gas Triode Grid Type 4-pin S. 40 Fil. 1.4 0.05 Relay Tube 43 1.5 - 30-45 0.1-1.5 -. 15 RK62 
RM208 Permatron 4-pin M. -  Fil. 2.5 3.0 Controlled Rectifier ' 7500 , 1000 -.- -.-- - - 15 RM208 



TABLE XIII - CONTROL AND REGULATOR TUBES-Continued 

Type Name Base 
Socket 
Connec- 
lions 

Cathode 
Fil. or Heater 

Use 
Peak 
Anode 
Voltage 

Max. 
Anode 
Ma. 

Minimum 
Supply 
Voltage 

Operating 
Voltage 

Operating 
Ma . 

Grid 
Resistor 

Tube 
Voltage 
Drop 

Type 
Volts Amps. 

RM209 Permatron 4-pin M. -  Fil. 5.0 10.0 Controlled Rectifier 3 75003 5000 - ---. - - 15 RM209 
0A3/VR75 Voltage Regulator 6-pin O. 4AJ Cold - - Voltage Regulator .- 105 73 5-40 - - 0A3/VR75 
0133/VR90 Voltage Regulator 6-pin O. 4AJ Cold - --• Voltage Regulator - 125 90 5-40 - - 083/VR90 

0C3/VR105 Voltage Regulator 6-pin O. 4AJ Cold - Voltage Regulator - 135 105 5-40 - --- 0C3/VR105 

0133/VR150 Voltage Regulator 6-pin O. 4AJ Cold - - Voltage Regulator - 185 150 5-40 - --- OD3/VRISO 

KY1166 Mercury Vapor Triode 4-pin M. Fig. 8 Fil. 2.5 5.0 Grid-Controlled Rectifier 10000 1000 0-150 - - - - KY866 

For use as grid-controlled rectifier or with external magnetic 
control. RM-208 has characteristics of 866, RM-209 of 872. 

# Discontinued. 

• When under control peak inverse 
rating is reduced to 2500. 

Al 1000 anode volts. 
4Grid tied to plate. Grid. 

TABLE XIV - CATHODE-RAY TUBES AND KINESCOPES 

, Peak inverse voltage. Megohms. 3 No base. Tinned wire leads. 
Grid voltage. Values in i amperes. 

Type Name 
Socket 
Conner 
lions 

Heater 
Use Size 

Anode 
No. 2 
Voltage 

Anode 
No. 1 
Voltage 

Cut-Off 
Grid 

Voltage 

Grid 
No. 2 

Voltage 

Ion- 
Trap 
Mo. 

Max. 
Input 

Voltage , 

Focus 
Coil 
Ma. 

Deflection 
Sensi ivity 4 Anode 

No. 3 
Voltage 

Pattern 
Color TYPo 

Volts Amp. Di D, D, D. 

2AP17-11 Electrostatic Cathode-Ray 118 6.3 0.6 
Osiillogroph 
Television 

2n 1000 250 - 60 -..- - 
660 - 

0.11 

0.22 

0.13 

0.26 
- Green 2AP1-11 

500 125 - 30 - -- 

21131-11 Electrostatic Cathode-Ray 12E 6.3 0.6 Oscillograph 2" 
2000 300/560 -135 --- - SOO 270 3 174 3 - 

Green 2BP1-11 
1000 150/280 -67.5 - 500 - 1353 87 3 - 

3AP1/ 
906-P11. 
44-11 , 

Electrostatic Cathode-Ray 7AN 2.5 2.1 Oscillograph 3" 

1500 430 - 50 - - 

550 - 

0.22 0.23 

.. 
Green 
Blue 
White 

3AP1/ 
906-P1 - 
4-5-11 

1000 285 - 33 - --- 0.33 0.35 
600 170 - 20 - - 0.55 0.58 

W1- 
4-11 

Electrostatic Cathode-Ray 14A 6.3 0.6 Oscillograph 3" 
2000 575 - 60 - - 

550 
0.13 0.17 

Green 
3BP1- 
4-11 1500 430 - 45 - --- 0.17 0.23 

30P1 Electrostatic Cathode-Ray Fig. 49 6.3 0.6 Oscillograph 3" 
2000 575 - 60 - - 

550 
200 3 1483 

Green 3DPI i 
430 - 40 - - 150 3 111 3 -   

3EPI/ 
1806-P1 

Electrostatic Cathode-Ray 11A 6.3 0.6 
Oscillograph 
Television 

3 ,, 2000 575 - 60 - - 
550 

0.113 0.154 
Green 

3EPI/ 
1806-PI 1500 430 - 45 - - 0.133 0.205 

3FP7-A Electrostatic Cathode-Ray 1411 6.3 0.6 Oscillograph 3" 4000 400/690 - 90 2000 - - - 212 3 153 3 - - 3FP7-A 

3GP1- 
4-5-11 

Electrostatic Cathode-Ray Cathode-Ray 11A 6.3 0.6 Oscillograph 3" 
1500 350 - 50 - - 

550 
- 0.21 0.24 White 

Green 
Mue 

4-5-11 1000 234 - 33 - - - 0.32 0.36 

3JP1- 
2-4-7-11 

Electrostatic Cathode-Ray 14B 6.3 0.6 Oscillograph 3" 
2000 575 - 60 - - 

550 
-- 0.13 0.17 4000 Green 

Blue 
White 

3JP1- 
2-4-7-11 1500 430 - 45 ....- - __ 0.17 0.23 3000 

3KPI-11 Electrostatic Cathode-Ray 11M 6.3 0.6 Oscillograph 3" 
1000 300 - 43 1000 - 

500 
68 3 136, 

Green 3KPI-11 
2000 600 - 90 2000 - 52 3 104 5 

3MP1 Electrostatic Cathode-Ray Fig. 2 6.3 0.6 Oscillograph 3" 1000 200/350 - 68 - - - - 190 a 180 3 - Green 3MPI 

3RPI Electrostatic Cathode-Ray 12E 6.3 0.6 Oscillograph 3" 
1000 165/310 -67.5 - - - .-..- 73/99 3 52/703 - 

Green 3RP1 
2000 330/620 -135 - - - -..- 146/198 3 104/1403 - 

3SPI -7 Electrostatic Cathode-Ray 12E 6.3 0.6 Oscillograph 3" 2000 330/620 -58/-135 - - - - --- Green 3SPI 

548131- 
7-11 

Electrostatic Cathode-Ray 14B 6.3 0.6 Oscillograph 5" 2000 400/690 -52 /-87 - - - - 26/363 18/243 4000 - 
SABP1. 
7-11 

SAP1/ 
1805-P1 
SAP4/ 
1805-P4 8 

Electrostatic Picture Tube 114 6.3 0.6 
Oscillograph 
Television 

5 ,, 
2000 575 - 35 

- 500 
0.17 0.21 ‘- Green 

White 

SAPI/ 
1805-P1 
SAP4/ 
1805-P4 

1500 430 - 27 0.23 0.28 - 

SBP1/ 
1802-P1- 
2-4-5-11 

Electrostatic Picture Tube 11A 6.3 0.6 Oscillograph 5" 
2000 450 - 40 - - 

500 
0.3 0.33 Green 

White 
Blue 

5BP1 / 
1802-P1-
2-4-5-11 1500 337 - 30 - - 0.4 0.45 



TABLE XIV- CATHODE-RAY TUBES AND KINESCOPES- Continued 

Type Nome 
Socket 
Connec 
dons 

Heater 
Use Size 

Anode 
No. 2 

Voltage 

Anode 
No. 1 

Voltage 

Cut-Off 
Grid 

Voltage 

Grid 
No. 2 

Voltage 

Ion- 
Trap 
Ma. 

Max. 
Input 

Voltage , 

Focus 
Coll 
Ma. 

Deflection 
Sensi ivity 3 

Anode 
No. 3 
Voltage 

Pattern 
Color 

Type 

Volts Amps. Di DI Ds DI 

5CP1- 
2-4-5-7- 
it 

Electrostatic Cathode-Roy 14B 6.3 0.6 Oscillograph 
Television 

5" 
2000 575 - 60 - -- 

550 

--• 0.28 0.32 4000 whim  

Green 
Blue 

SCPI-
2-4-5-7-11 1500 430 - 45 - - - 0.37 0.43 3000 

2000 575 - 60 -- - - 0.36 0.41 2000 

SFP1- 
2-4-11-14 Electromagnetic Cathode-Ray 

- 
SAN 6.3 0'6 

Oscillograph 
Television 

7000 250 - 45 -.-. -- _ ..,- - Green 
White 
Blue 

5FP1-
2-4-11-14 

4000 250 - 45 - -- - -- -...... 

5HP1 
mme 7 Pectrostatie Cathode-Ray 11A 6.3 0.6 Oscillograph 5" 

2000 425 - 40 
- 

5001500 
0.3 0.33 -.-- Green 

White 
5HP1 
SHP4 310 - 30 0.4 0.44 - 

5JP1- 
2-4-5-11 Electrostatic Cathode-Ray 

- 
11E 6.3 0.6 Oscillograph 5" 

2000 520 - 75 - - 
500 

- 0.25 0.28 4000 White 
Green 
Blue 

5 " 1p i - 

2-4-5-11  
1500 390 - 56 -- - - 0.33 0.37 3000 

SLP1- 
2-4-5-11 

,. 

Electrostatic CathodR e- ay 11F 6.3 0.6 Oscillograph 
Television 

5" 
2000 500 - 60 - - 

500 

- 0.25 0.28 
eggg White 

Green 

glee 

5LP1- 
2-4-5-11 1500 375 - 45 -- - - 0.33 0.37 3000 

1000 250 - 30 --- --- - 0.49 0.56 2000 

5MP1- 
4-5-11 Electrostatic Cathode-Roy 

, 
7AN 2.5 2.1 Oscillograph 5" 

1500 375 - 50 - -- 
660 

-..- 0.39 0.42 White 
Green 
Blue 

4-5-11 
1000 1000 250 - 33 - - - 0.58 0.64 

5RP1- 
2-4-7-11 Electrostatic Cathode-Ray 

..._ 

14F 6.3 0.6 Oscillograph 5" 
3000 - - 90 - - 

1200 
-... 0.12 0.12 15000 Green 

White 
glue 

UPI-
2-4-7-11 

2000 575 - 60 - --- - 0.18 0.18 10000 

STP4 Projection Kinescope 12C 6.3 0.6 Television 5" 27000 4900 - 70 200 - --- -.-. - - ---.. White STP4 

SUM- 
7-11 Electrostatic Cathode-Ray 

• 

12E 6.3 0.6 Oscillograph 5" 

2500 640 - 90 -- -- 500 - 38.5 3 77 3 -. Green 
Tel- 
low 
Blue 

5UP1- 
7-11 

2500 340 - 90 - - SOO - 28 3 56 3 - 

1000 320 - 45 - - 500 - 31 3 62' 

1000 170 - 45 --- - 500 - 23 3 461 - 

SWPI 1 Transcriber Ki pe 12C 6.3 0.6 Television 5" 27000 5400 -42/-98 200 -- •-».-- -- - - --. Blue 5WP11 

5WP15 Flying-Spot Cathode-Ray 12C 6.3 0.6 Vid. Sig. Gen. 5" 20000 Lge/ -42/-98 200 - - -- -- ...-- - 
Blue 
G n 5WP15 

5ZP16 Flying-Spot Cathode-Ray Fig. 46 6.3 0.6 Vid. Sig. Gen. 5" 20000 4700 - 70 200 - - - -.... - - - SZP16 

7AP4 Electromagnetic Picture Tube SAJ 2.5 2.1 Television 7" 3500 1000 -67.5 -.- - - -- - - -- White 7AP4 

27811.4.17421e; Electromagnetic Cathode-Ray SAN 6.3 0.6 Oscillograph 
Television 

7" Yggg 250 - 45 ---- ---- _.. 
._._..„ - White 

Green 
Blue 

78P1- 
24-7-11 

4000 250 - 45 ---- - 

7CP1/' 
1811-131 Electromagnetic Cathode-Ray 6AZ 6.3 0.6 Oscillograph 7" 

7000 1470 - 45 250 - ..- 
- 

Green 7CP1/ 
1811-PI 4000 840 - 45 250 _...... - 

7DP4 Kinescope 12C 6.3 0.6 Television 7" 6000 1430 - 45 250 .- .--- -. -• - _ - White 7DP4 

7EP4 Electrostatic Cathode-Ray 11N 6.3 0.6 Television 7" 2500 650 - 60 - - - 110 3 95 3 -• White 7813,4 

7GP4 , Electrostatic Kinescope . Fig. 47 6.3 0.6 Television 7" 3000 1200 - 84 3000 - -- - _123 3 102 3 - White 7GP4 

7JP1 Electrostatic Cathode-Ray 14G 6.3 0.6 Oscillograph 7" 
2000 800 - 56 - - - - 62/823 50/683 - 

Green 7JP1 
4000 1600 -112 - - - --- 124/1643 100/136 ---

7JP4 Electrostatic Ki  14G 6.3 0.6 Television 7" 6000 2400 -168 246 3 204' ••••••• White 7JP4 

7MP7 Electromagnetic Cathode-Ray w _ 12D 6.3 0.6 Oscillogra ph -7 
Radar 

7„ --..- 7000 -27/-63 250 -- .- 85 - - Ge nish-
Yellow 

7MP7 
- 4000 -27/-63 250 - - 62 - -..- - 

7NP4 Projection Kinescope 14N 6.6 0.62 Television 7" 75000 16000/ 
18000 

-155 400/600 -- -.- - - - -- Whit. 7NP4 

7QP4 Electromagnetic Kinescepe 12D 6.3 0.6 Monitor 7" 912/ 
1368 

-67.5 250 -----6000 White 7QP4 

7RP4 

nr4- 1 

Flectromagnetic Picture Tube 12D 6.3 0.6 Television 7" •-• 9000 -27/-63 250 - 120 - •-•••• White 7RP4 

Monitor Kinescope 12C 6.1 0.6 Television 7" 10000 1040/ 
1400 

-22/-52 200 0/83 - - -.-- - -.-- White 7TP4 

7VP1 Pectrostatic Cathode-Roy- 14A 6.3 0.6 Oscillograph 7" 3000 800/ 
1200 

- 84 ..- - •- - 93/1233 75/1023 -•-•- Green 7VP1 

7WP4 Projection Kinescope 14N 6.6 0.62 Television 7" 75000 8000 -155 400/600 ------ White 7WP4 



TABLE XIV- CATHODE-RAY TUBES AND KINESCOPES- Continued 

Type Name 
Socket 

Connec 
tions 

Heater 
Use Size 

Anode 
No. 2 

Voltage 

Anode 
No. 1 

Voltage 

Cut-Off 
Grid 

Voltage 

Grid 
No. 2 
Voltage 

Ion- 
Trap 
Ma. 

Max. 
Input 

Voltage , 

Focus 
Coll 
Ma. 

Deflection 
Sena ivity 8 

Anode 
No. 3 
Voltage 

Pattern 
Color 

Type 
Volts Amps. DI 01 I:13 11), 

8AP4 Electromagnetic Picture Tube 12H 6.3 0.6 Television 8" - 7000 -27 /-63 - 45Ï - 115 .-- - --- White 8AP4 

8BP4 Electrostatic Picture Tube 14G 6.3 0.6 Television 8" 
- 2400 -72/-168 6000 - - .,-- 

146/1988 124/1688 
- 

White 13BP4 
--.- 1620 -72/-168 6000 - - - - 

9 " 4/Ki  1804-P4 Electromagnetic pe 6AL 2.5 2.1 Television 9" 
7000 1425 

- 40 
250 --------- ---- ..-«- ---- ----- While 

9AP4/ 
1804-P4 6000 1225 - 38 

9CP4 Electromagnetic Kl  4AP 2.5 2.1 Television 9" 7000 - -110 - -..- - -.- ....-. ..-.-- --. White 9CP4 

9JP1 / 
1809-P12500 

Electrostatic-Magnetic ti Cathode-Ray8BR 2.5 2.1 Oscillograph 9,, "00 1' - " - 3000 
0.136 - 

Green 
9JP1/ 
1809-P1 785 - 45 0.272 - 

10BP4 Magnetic Kinescope 120 6.3 0.6 Television 10" - 9000 - 45 250 ------,- White 10BP4 

10EP4 Magnetic-Focus•Cathode-Ray 120 6.3 0.6 Television 101/2 " - 8000 - 45 250 -.-- - - - -- -- White 10EP4 

10FP4 Electromagnetic Picture Tube 120 6.3 0.6 Television 10" - 9000 -27/-63 250 - - - - - - White 10FP4 

10HP4 Electrostatic Cathode-Ray 14G 6.3 0.6 Television 10" - 5000 -60/-140 1800 - - - 130, 100, - White 10HP4 

10KP7 Magnetic Cathode-Ray 120 6.3 0.6 Oscillograph 10" - 9000 -27/-63 250 ..-- --- - - - - 10KP7 

IOSP4 Monitor Kinescope 12C 6.3 0.6 Television 10" 14000 1640/ 
2225 

-18/-48 200 -, - - - White IOSP4 

12AP4/ 
1803-P4 

Electromagnetic Picture Tube 6AL 2.5 2.1 Television 12" 
nce 1460 

75 250 25 ..-. 10 - ....-. -. Whim I2AP4/ 
1803-P4 6 000 1240 

12CP47 Electromagnetic Picture Tube 4AF 2.5 2.1 Television 12" 7000 - -110 - 25 - 10 --- - ---- White I2CP4 

1201.4-7 Electromagnetic Cathode-Ray SAN 6.3 0.6 Television 12" White 1201.4 
4000 250 -  

12KP4-A Electromagnetic Picture Tube Fig. 35 6.3 0.6 Television 12" - 11000 -27/-63 250 ....- - - - -..--• - White 12KP4-A 

12LP47 Electromagnetic Ki pe 120 6.3 0.6 Television 12" -- 11000 -27/-63 250 - --- .-.- •- - - White 12LP4 

120P4 Electromagnetic Picture Tube Fig. 35 6.3 0.6 Television 12" - 10000 -27/-63 250 80 - 135 - - - White 120P4 

12RP4 Electromagnetic Picture Tube 120 6.3 0.6 Television 12" - 10000 -27/-63 250 528 135 - - - White 12RP4 

12SP7 Electromagnetic Cathode-Ray 12D 6.3 0.6 Oscillograph 12" - 10000 -27/-63 250 - 107 .--.•-• .-- - Genish. 
Yellow 

12517 

12TP4 Electromagnetic Picture Tuba 120 6.3 0.6 Television 12" - 11000 -27/-63 250 120 ---- 110 - - - White 121P4 

12UP4 Electromagnetic Pture Tube 120 6.3 0.6 Television 12" - 11000 -27/-63 250 - - 110 - - - White 12UP4 

14BP4 Electromagnetic Picture Tube Fig. 35 6.3 0.6 Television 14" - 11000 -27/-63 250 120 --- 110 - - - White 14BP4 

14CP4 Electromagnetic Picture Tube 120 6.3 0.6 Television 14" - 12000 -33/-77 250 32, - 105 - - - White 14CP4 

14DP4 Electromagnetic Picture Tube 120 6.3 0.6 Television 14" - 11000 -27 /-63 250 120 - 100 - - - White I4DP4 

14EP4 Electromagnetic Picture Tube 120 6.3 0.6 Television 14" - 12000 -33/-77 - 110 - 110 - - - White I4EP4 

14GP4 Electrostatic-Magnetic Kinescope Fig. 42 6.3 0.6 Television 14" -- 12000 -33/-77 300 29402 White I4GP4 

14HP4 Electrostatic-Magnetic Kinescope Fig. 43 6.3 0.6 Television 14" 12000 -48/264 -33/-77 300 70 - - - - - White 14HP4 

15AP4 Eleciromagnetic Cathode-Ray 120 6.3 0.6 Television 15" - 8000 - 45 250 - - - .-- --- - White 15AP4 

18CP4 Electromagnetic Picture Tube Fig. 35 6.3 0.6 Television 15" - 9000 - 45 250 109 ...», 115 - - - White ISCP4 

1501.4, Electromagnetic Picture Tube 120 6.3 0.6 Television 15" - 13000 -27/-63 250 105 .•-••• 146 - - ---- White ISDP4 

I6ADP4 
. 
Electromagnetic Cathode-Ray 
r 

Fig. 69 6.3 0.6 Oscillograph 16" -, 12000 -27/-63 250 --- - - - - - Gr'nish- 
Yellow 

I6ADP4 

16AP4 Electromagnetic Picture Tube Fig. 35 6.3 0.6 Television 16" - 12000 -33/-77 300 ----. - - - - - White I6AP4 

16CP4 Electromagnetic Picture Tube Fig. 35 6.3 0.6 Television 16" - 12000 -27/-63 250 120 - 110 - - - White I6CP4 

I6EP4A Electromagnetic Picture Tube 120 6.3 0.6 Television 16" - 12000 -33/-77 300 •-• •-• 105 - - - White I6EP4A 

16FP4 Electromagnetic Picture Tube Fig. 35 6.3 0.6 Television 16" - 13000 -27/-63 250 105 ..- 146 - .-- - White 16FP4 

16GP4 Electromagnetic Picture Tube 120 6.3 0.6 Television 16" - 12000 -33/-77 300 23, - 100 .--- .-.- - White I6GP4 

16GP4B Electromagnetic Picture Tube 120 6.3 0.6 Television 16" - 12000 -33/-77 300 35, - 100 .--- - - White 16018411 

16GP4C Electromagnetic Picture Tube 120 6.3 0.6 Television 16" .--- 12000 -33/-77 300 45, 100 - - White 16GP4C 

16HP4 Electromagnetic Picture Tube Fig. 35 6.3 0.6 Television 16" - 12000 -33/-77 300 120 - 110 - - - White 16HP4 

16JP4 Electromagnetic Picture Tube 120 6.3 0.6 Television 16" - 11000 -27 /-63 250 120 - 115 •- - -.- White 16JP4 

16KP4 Electromagnetic Picture Tube 120 6.3 0.6 Television 16" - 14000 -33/-77 300 30, -- 90 ... - -.. White 16KP4 



TABLE XIV - CATHODE-RAY TUBES AND KINESCOPES- Continued 

Type Name 
Socket 

Connec- 
Hosts 

Heater 
Use Size 

Anode 
No. 2 
Voltage 

Anode 
No. 1 
Voltage 

Cut-Off 
Grid 

Voltage 

Grid 
No. 2 

Voltage 

Ion- 
Trap 
Ma. 

Max. 
Input 

Voltage, 

Focus 
Coil 
Ma. 

Deflection 
Sensitivity , 

Anode 
No. 3 

Voltage 

Pattern 
Color 

Type 
Volts Amps. Ds D: Da D4 

16LP4 Electromagnetic Picture Tube Fig. 35 6.3 0.6 Television 16" - 12000 -33/-77 300 120 - 110 -• -- --- White 16LP4 

16MP4 Electromagnetic Kl  120 6.3 0.6 Television - 16" - 12000 -33F77 300 120 --. 110 -.--.* - - White 16MP4 

16RP4 Electromagnetic Picture Tube 12D 6.3 0.6 Television 16" - 12000 -33/-77 300 120 .--- 100 - - White 16RP4 

16SP4A Electromagnetic Picture Tube 12D 6.3 0.6 Television 16" - 12000 -33/-77 300 120 - 110 --.•-• - - White 16SP4A 

16TP4 Electromagnetic Picture Tube Fig. 35 6.3 0.6 Television 16" - 12000 -33/-77 300 45, - 115 --. - - White 16TP4 

16UP4 Electromagnetic Picture Tube 12D 6.3 0.6 Television 16" - 12000 -27/-63 300 23, -•-.- 100 -..-* .-- - White 16UP4 

16VP4 Electromagnetic Kinescope 120 6.3 0.6 Television 16" - 12000 -27/-63 250 120 -• 110 -.. - --. White 16VP4 

16WP4A Electromagnetic Picture Tube 120 6.3 0.6 Television 16" - 12000 -27/-63 250 120 ---•• 110 - - --- White 16WP4A 

16ZP4 Electromagnetic Picture Tube 120 6.3 0.6 Television 16" -- 12000 -33/-77 300 120 - 110 ---... - White 16ZP4 

eAP4 Electromagnetic Picture Tube 120 6.3 0.6 Television 17" - 12000 -33/-77 300 75 - 100 - - - White 17AP4 

178P4A Electromagnetic Kinescope Fig. 4,-- 6.3 0.6 Television 17" - 14000 -33/-77 300 50s - 99 --• .---. ••-- White 17BP4A 

17BP48 Electromagnetic Picture Tube 120 6.3 0.6 Television 17" - 12000 -33/-77 300 35 8 - 100 - - White 17BP48 

17CP4 Electromagnetic Picture Tube 120 6.3 0.6 Television 17" - 14000 -33/77 300 508 - 104 - -.. - White 17CP4 

17FP4 Electrostatic-Magnetic Kinescope Fig. 42 6.3 0.6 Television 17" 16000 3100/ 
4100 

-33/-77 300 408 .-- - - - - White 17FP4 

17GP4 Electrostatic-Magnetic Kinescope Fig. 43 6.3 0.6 Television 17" - 14000 -33/-77 300 40, - - - 36202 White 17GP4 
17HP4 Electrostatic-Magnetic Ki pe Fig. 42 6.3 0.6 Television 17" 14000 0-350 -33/-77 300 85 - - - - White 17HP4 
17JP4 Electromagnetic Kinescope Fig. 45 

Fig. 45 

6.3 0.6 Television 17" --- 16000 -33/-77 300 45, - - - -. - White 17JP4 
17KP4 Electrostatic-Magnetic Ki pe 6.3 0.6 Television 17" - 12000 -33/-77 300 0/8, -----, - -.- -,-.- White 17KP4 
17LP4 Electrostatic-Magnetic Kinescope Fig. 42 6.3 0.6 Television 17" - 16000 -33/-77 300 50, - --.-.. - •,.. - White 171P4 
17QP4 Electromagnetic Kinescope 120 6.3 0.6 Television 17" - 12000 -33/-77 300 358 -- 100 --- - --- White 170124 

17RP4 Electrostatic-Magnetic Kinescope Fig. 66 6.3 0.6 Television 17" 14000 0 -33/-77 300 35, - - - -••• - White 17RP4 

17SP4 Electrostatic-Magnetic 120 6.3 0.6 Television 17" --.- 13000 -33/-66 250 120 -- - - .-... ..-. White 17SP4 
17YP4 Electromagnetic Ki pe Fig. 45 6.3 0.6 Television 17" - 12000 -33/-77 300 35s -. 92 - - - White 17YP4 

19AP4 Electromagnetic Picture Tube Fig. 35 6.3 0.6 Television 16" - 13000 -27/-63 250 105 - 146 -.., -..... - White 19AP4 
19AP4A Electromagnetic Picture Tube 120 6.3 0.6 Television 16" - 12000 -33/-77 300 75 -.-- 140 - ..-*. White 19AP4A 
19DP4A Electromagnetic Picture Tube 120 6.3 0.6 Television 19" - 13000 -26/-63 250 105 - 146 ---• *..-• - White 19DP4A 
19EP4 Electromagnetic Picture Tube Fig. 35 6.3 0.6 Television 19" - 13000 -26/-63 250 105 - 146 - -..- -.- White 19EP4 
19FP4 Electromagnetic Picture Tube Fig. 35 6.3 0.6 Television 16" - 13000 -27/-68 250 100 - 100/130 - White 19FP4 
19GP4 Electromagnetic Picture Tube 120 6.3 0.6 Television 19" - 13000 -27/-63 250 105 - 110/130 - -.• -*. White 19GP4 
19JP4 Electromagnetic Kinescope 120 6.3 0.6 Television 19" - 12000 -33/-77 300 75 - 95 - - - White 19JP4 
2011P4 Electromagnetic Cathode-Roy 12D 6.3 0.6 Television 20" - 15000 - 45 250 ----- White 20BP4 
20CP4 Electromagnetic Picture Tube Fig. 44 6.3 0.6 Television 20" - 12000 -33/-77 300 75 -- 95 - -..•• ..*.• White 20CP4 
20CP4A Electromagnetic Ki pe Fig. 44 6.3 0.6 Television 20" - 12000 -33/-77 300 75 - 95 - --• .- White 20CP4A 
20DP4 Electromagnetic Ki pe Fig. 44 6.3 0.6 Television 20" - 12000 -33/-77 300 75 - 95 - - - White 20DP4 

20FP4 Eledrostatic-Magnetic Kl pe Fig. 66 6.3 0.6 Television 20" 12000 2300/ 
3100 

-33/-77 300 75 .-- - - - •- White 20FP4 

20GP4 Electrostatic-Magnetic Kinescope Fig. 42 6.3 0.6 Television 20" -- 16000 -33/-77 300 40, 42702 White 20GP4 
20HP4 Electrostatic-Magnetic Ki  Fig. 66 6.3 0.6 Television 20" 14000 -56/310 -33/-77 300 83 •-•-• - •••••-- White 20HP4 
20Jp4 Electrostatic-Mognetic Kl pe Fig. 45 6.3 0.6 Television 20" - 12000 -33/-77 300 0/88 ---. --... - -..-- .- White 20JP4  

20LP4 i0LP4 Electrostatic-Magnetic Kinescope Fig. 43 6.3 0.6 Television 20" 14000 0 -33/-77 300 358 - - - - - White 
20MP4 Electrostatic-Magnetic Kinescope Fig. 42 6.3 0.6 Television 20" - 16000 -33/-77 300 508 - - - - .-,-.- White 20MP4 
21AP4 Electromagnetic Kinescope Fig. 44 6.3 0.6 Television 21" ---• 16000 -33/-77 300 508 110 - -.. - White 21AP4 

21EP4A Electromagnetic Kinescope Fig. 44 6.3 0.6 Television 21" - 12000 -33/-77 300 70 -.- 95 - -. ........ White 21EP4A 
21FP4A Electrostatic-Magnetic Kinescope Fig. 43 6.3 0.6 Television 21" 14000 *200 -33/-77 300 408 --••- - - - White 21FP4A 
21KP4A Electrostatic-Magnetic Kinescope Fig. 45 6.3 0.6 Television 21" ...-•• 12000 -33/-77 300 50 --. -..... .-- - - White 21KP4A 
21MP4 Eledrostatic-Magnetic Ki pe Fig. 43 6.3 0.6 Television 21" -, 16000 -33/-77 300 508 - - - -.. .- White 21MP4 
22AP4 Electromagnetic Picture Tube Fig. 35 6.3 0.6 Television 22" -. 14000 -33/-77 300 358 -... 117 .... - - White 22AP4 



TABLE XIV - CATHODE-RAY TUBES AND KINESCOPES- Continued 

Type Name 
Socket 
Connec 

lions 

Heater 
Use Size 

Anode 
No. 2 

Voltage 

Anode 
No. 1 

Voltage 

Cut-Off 
Grid 

Voltage 

Grid 
No. 2 

Voltage 

Ion- 
Trop 

Ma. 

Max. 
Input 

Voltage' 

Focus 
Coil 
Ma. 

Deflection 
Sensit vity « Anode 

No. 3 

Voltage 

Pattern 
Color TYPa 

Volts Amp. DI 02 Ds Di 

24AP4A Electromagnetic Picture Tube 120 6.3 0.6 Television 24" - 12000 -33/-77 300 32, - 97 - - - White 24AP4A 
248/.4 Electrostatic-Magnetic Ki pe Fig. 43 6.3 0.6 Television 24" 14000 -56/310 -33/-77 300 85 - - -- - - White 24111.4 
27AP4 Electrostatic-Magnetic Ki  Fig. 43 6.3 0.6 Television 27" 15000 -60/300 -33/-77 300 85 - - - - - White 27AP4 
278/.4 Electromagnetic Picture Tube 12D 6.3 0.6 Television 27" •-•- 14000 -33/-77 300 85 ..-- 110 - -- .---- White 27EP4 
30BP4 Electromagnetic Picture Tube 12D 6.3 0.6 Television 30" - 12000 -33/-77 300 75 .--- 95 - -- .- White 30BP4 
902, Electrostatic Cathode-Ray Fig. 1 6.3 0.6 Oscillograph 2" 600 150 - 60 - - 350 - 0.19 0.22 - Green 902 
903 , Electromagnetic Cathode-Ray 6AL 2.5 2.1 Oscillograph 9" 7000 1360 -120 250 -. - -. - - - Green 903 
904 Electrostatic-Magnetic Cathode-Ray Fig. 3 2.5 2.1 Oscillograph 5" 4600 970 - 75 250 -• 4000 0.09 ---. - Green 904 
905 , Electrostatic Cathode-Ray Fig. 6 2.5 2.1 Oscillograph 5" 2000 450 - 35 -.•-• -. 1000 .-- 0.19 0.23 - Green 905 
907 Electrostatic Cathode-Ray Fig. 6 2.5 2.1 Oscillograph 5" Characteristics same as Type 905 ----• - - Blue 907 
908 , Electrostatic Cathode-Ray 7AN 2.5 2.1 Oscillograph 3" Characteristics same as Type 3AP1/906P1 - --. - Blue 908 

908-A Electrostatic Cathode-Ray 7CE 2.5 2.1 Oscillograph 3" 
1500 430 - 50 ---•• 500 - 0.223 0.233 - 

Blue 908-A 1000 287 - 33 - 500 - 0.334 0.348 - 

909 , Electrostatic Cathode-Ray Fig. 6 2.5 2.1 Oscillograph 5" Characteristics same as Type 905 - -- - Blue 909 
910 , Electrostatic Cathode-Ray 7AN 2.5 2.1 Oscillograph 3" Characteristics same as Type 3AP1/906P1 - --. - Blue 910 
911 , Electrostatic Cathode-Ray 7AN 2.5 2.1 Oscillograph 3" Characteristics same as Type 3AP1/906P1 - - Green 911 
912 Electrostatic Cathode-Roy Fig. 8 2.5 2.1 Oscillograph 5" 10000 2000 - 66 250 --. 7000 ..-- 0.041 0.051 - Green 912 
913 Electrostatic Cathode-Ray Fig. 1 6.3 0.6 Oscillograph 1" 500 100 - 65 - - 250 .- 0.07 0.10 - Green 913 
914« Electrostatic Cathode-Ray Fig. 12 2.5 2.1 Oscillograph 9" 7000 1450 - 50 250 -- 3000 - 0.073 0.093 - Green 914 
1800 , Electromagnetic Kinescope 6AI. 2.5 2.1 Television 9" 6000 1250 - 75 250 - - --• - - Yellow 1800 
1801 b Electromagnetic Ki pe Fig. 13 2.5 2.1 Television 5" 3000 450 - 35 - - ---. -.--. - - - Yellow 1801 
1816P4-A Electromagnetic Kinescope Fig. 65 6.3 0.6 Monitor 10" 9000 - 63 250 - --- - - - - White 1816P4-A 
2001 Electrostatic Cathode-Ray 4AA 6.3 0.6 Oscillograph 1" Characteristics essentially some as 913 2001 

2002 Electrostatic Cathode-Ray Fig. 1 6.3 0.6 Oscillograph 2" 600 120 -----0.16 0.17 -.-- Green 2002 
2005 Electrostatic Cathode-Roy Fig. 1' 2.5 2.1 Television 5" 2000 1000 - 35 200 - -• -• 0.5 0.56 - --• 2005 
24-XH Electrostatic Cathode-Ray Fig. 1 6.3 0.6 Oscilloscope 2" 600 120 - 60 - - -. --••• 0.14 0.16 - Blue 24-Xli 

Between Anode No. 2 and any deflecting plate. 
'Grid No. 4 voltage. 

D.c. Volts/in. 
'Cathode connected to Pin 7. 

'Discontinued 
«In mm./volt d.c. 

'Super eded by same type with suffix "A." 
slon trap g  
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TABLE XV - RECTIFIERS - RECEIVING AND TRANSMITTING 

See also Table XIII-Cont el and Regu ator Tubes 

TYPe No. Name Base 
Socket 
Connec- 
dons 

Cathode 
Fil. or Heater Max. 

A.C. 
Voltage 
Per Plate 

D.C. 
Output 
Current 
Mo. 

Max. 
Inverse 
Peak 

Voltage 

Peak 
Plate 

Current 
Ma. 

TYPo 
Volts 

BA Full-Wave Rectifier 4-pin M. 4J Cold -.• 350 350 Tube drop 80 v. G 
BH 12==.113=MEIMEEM. -- I=IIMEM 125 Tube drop 00 u- G 
BR Half-Wave Rectifier 121=3 4H MZZMI=.1=. 300 50 Tube drop 60 v. G 
CE-220 Half-Wove Rectifier 1=IE2MMàIIMIEFà. 3.0 1=1. 20 20000 ECM HV 

0Y4 Half-Wave Rectifier 5-pin O. 4BU Cold t 
C  7 an Nnsd 8 95 75 300 500 G 

OZ4 Full-Wave Rectifier 5-pin O. 4R Cold 1=11=1111111CMEZZIMMEIWZM G 
1 Half-Wave Rectifier 4-pin S. KIM Htr. 

• 

MEa 350 
20000-  

so moo mom my 
i AX2 Half-Wave Rectifier 9-pin B. 9Y Fil. 1.0 25000 11 NV 
IN 

1=1:=11:=MEEMIEZIMEEMEIIIIMIZIIIIEIM - ICU HV 
1V2 Hel1"Weue Rectifier LEZEIBIEMEIMMECIEEM=111111EMM=11MILIE HV 
1113GT/8016 Half-Wave Rectifier 6-pin O. Emicamizamip 2.0 4000 EILEM HV 
1648 Halt-Wave Recliner 1121=11=MIEZZ.1=1111=MŒMMIMMIZIMMEM 

9-pin B. 9Y ILEIMEDI 0.2 - 1 1 woo um 
G 
HV 1X2 Half-Wave Rectifier 

1X2A 11:12=1:11111=IME31111111EWIEMEMCIIIIMICIEM 20000 MEIEM HV 
1X2B IME=1.11 9-09.11- RIMIIIIMMECICEIMIR=II 0.5 22000 MOM HV 
1Y2 Half-Wove Rectifier 4-pin M. 4P Fil. 1.5 0.29 - 2 50000 10 NV 
1Z2 Half-Wave Rectifier 7-pin B. 7CB Fil. ZEM 0.3 7800 2 20000 Mal NV 
2625 Half-Wave Rectifier pczugummumiximmi moo 1.5 

MEMEIMMMEEZI 

=la Ma 

-.- 

11V 

HV 
ing 

2V3G Half-Wave Recliner 12:9X2MILMILEMEEIIIMIN 
5-pin O. IIMMIEMEEMEMKEMIMEMII=M 

- 
2W3 Half-Wave Rectifier 

2X2/879 19 Half-Wave Rectifier 4-pin S. 4AB Htr. 2.5 1.75 4500 7.5 - - NV 
2X2-A Half-Wave Rectifier 4-pin S. 4AB Same os 2X2/879 but will withstand severe shock & vibration HV 
2Y2 Half-Wave Rectifier 4-pin M. 4AB Fil. EMU. 4400 5.0 --- - NV 
2Z2/G84 Half-Wave Rectifier 4-pin M. 48 Fil. 2.5 UM 350 -- - HV 

3824 Half-Wave Rectifier 4-pin M. T-4A Fil. 5.0 
2.5 9 

3.0 
3.0 

- 
- 

60 
30 

20000 
20000 

300 
130 HV 

3625 Half-Wave Rectifier 4-pin M. 4P Fil. MU 5.0 1=. 500 4500 2000 G 
3826 Half-Wave Rectifier EICIMBIZEIR Ht,. IIEMENEB=mmEm 15000 8000 HV 
DR-3827 Half-Wave Rectifier 4-pin M. 4P Fil. 2.5 5.0 3000 250 8500 1000 HV 

3828 Half-Wave Rectifier 4-pin-M 4P Fil. 2.5 5.0 
1700 in::. 5000 2000 o  
3500 250 10000 1000 

SAX4GT Full-Wave Rectifier 5-pin O. ST Fil. 5 2.5 350, 
5007 175 1400 525 HV 

SAZ4 Full-Wave Rectifier 5-pin O. ST Fil. 5.0 2.0 Same as Type 80 NV 

5R4GY Full-Wave Rectifier 5-pin O. ST Fil. 5.0 2.0 900 , 
950 7 

150. 
175 7 2800 650 NV 

ST4 1=5===2. ST Fil. 5.0 3.0 
450 IMICIMEEMEMIE 

=Mal 
Same os Type 83V 

HV 

HV 
NV 

SU4G Full-Wave Rectifier 8-pin O. ST Fil. 5.0 3.0 
5V4G Full-Wave Rectifier 8-pin O. 51. litr. ECU 2.0 
SW4 Full-Wave Rectifier 5-pin O. ST Fil. ma' 1.5 350 Km moo i=. NV 
5X3 Full-Wave Rectifier 4-pin M. 4C Fil. 2.0 1275 30 --.-- - NV 
5X4G Full-Wave Rectifier 8-pin 0. SO Fil. • 

a  
3.0 Same as SZ3 MM. NV 

SY3G Full-Wave Rectifier 5-pin 0. ST Fil. 5.0 

5.0 
2.0 

2.0 
Same as Type 80 MUM HV 

SY3WGT Full-Wave Rectifier 5-pin O. ST Fil. 375 120 1556 375 HV 
5Y4G Full-Wave Rectifier 8-pin 0. SQ Fil. 5.0 2.0 Some as Type 80 Ma HV 
5Z3 Full-WaveRectifier 4-pin M. 4C Fil. 5.0 3.0 500 250 1400 - HV 
5Z4 Full-Wave Rec101" EiMMIIMEMIll H99. IFEIMECIIIIIMIIIIME1111111M11111=M 11V 
6AU4GT Damper Diode 6-pin O. 4CG Htr. 6.3 1.8 -- 175 4500 1050 NV 
6AX4GT Damper Diode 6-pin O. 4CG lift. 6.3 1.2 - 125 4000 600 HV 
6AXSGT Full-Wave Rectifier 6-pin O. KM Htr. gm 1.2 MM. 125 NEUMEDIZI NV 
6AX6G Full-Wave Rectifier 7-pin 0. 70 Htr. XXII 2.5 wEaiwzni 1250 600 HV 
BEY5G IZIIIM=. 7-Ne G. MICUMEMIIIII. MU. IMEZZIMIEMIIIKEEM NV 
6U3 Damper Diode 9-pin B. 9BM Htr. 6.3 UM - 180 4000 400 NV 
6U4GT Half-Wave Rectifier .5-pin O. 4CG litr. inguaffli=ggimmilfflp NV 
6V3 Half-Wave Rectifier 9-pin B. ILIMIIMMIVEZMEIMIEIMMEM woo wzm HV 
6V4 Full-Wave Rectifier 9-pin B. 9M Htr. 6.3 0.6 350 90 --.-• - HV 

6W4GT epin O. 4CG litr. 6.3 1.2 I=111.52;1111 200° 643° NV Half-Wave Rectifier Km. 125 Bum 600 
6W5G Full-Wove Rectifier 6-pin O. 65 Htr. 6.3 0.9 350 100 1250 MUM NV 

6X4 6X5 Full-Wave Rectifier 7-pip B. 
6-pin O. 

7CF 
65 lit,. 6.3 0.6 325 

4507 70 1250 210 HV 

PY3G Half-Wave Rectifier 5-pin O. 4AC Htr. 6.3 0.7 5000 ME. --.. - HV 
6510 Full-Wave Rectifier 6-pin S. 6J KM 6.3 0.8 

35° Maill=1.1=111 HV 
6Z3 Half-Wave Rectifier 4-pin M. 4G Fil. 6.3 0.3 350 

5° •=11.11=1111 HV 
6Z5 ,9 Full-Wave Rectifier 6K HIT. 6.3 0.6 230 60 =MI ...- NV 
6ZYSG Full-Wave Rectifier 6-pin O. 6S Htr. 6.3 • 350 33 1000 130 HV 
7X6 Full-Wove Rectifier 8-pin O. 7AJ Htr. 6.3 235 150 700 450 NV 
7Y4 Full-Wave Rectifier 8-pin L. 5AB Htr. 6.3 0.5 350 .... - HV 

7Z4 Full-Wave Rectifier 8-pin L. 5AB Htr. 6.3 0.9 450 I 
325 4 100 1250 300 HV 

12A7 Rectifier-Pentode 7-pin S. 7K Htr. 12.6 0.3 125 30 HV 
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TABLE XV - RECTIFIERS-RECEIVING AND TRANSMITTING- Continued 

See also Table XIII - Control and Regulator Tubes 

Type 
No. Name Base 

S ocket 
Connec- 
lions 

Cathode 

Fil. or Hearer Max. 
A.C. 

Voltage 
Per Plate 

D.C. 
Output 
Current 
Ma. 

Max. 
Inverse 
Peak 

Voltage 

Peak 
Plate 

Current 
Ma. 

T .... 
.' Y"' 

Volts Amp. 

12AX4GT Damper Diode 6-pIn O. 4CG Htr. 12.6 0.6 - 123 4000 600 NV 

12X4 

1223 

Full-Wave Rectifier 

Half-Wave Rectifier 

7-pin B. 

4-pin S. 

5BS 

4G 

Htr. 

Htr. 

12.6 

12.6 

0.3 

0.3 

650 + 
9007 

250 

70 
70 

1250 
1250 

210 
210 

HV 

60 -....-.. - HV 

1225 Voltage Doubler 7-pin M. 7L Htr. 12.6 0.3 225 60 -.-». NV 

14Y4 Full-Wave Rectifier 8-pin L. 5AB Htr. 12.6 0.3 
450 4 
325 4 

70 1250 210 HV 

1423 

1723 

19X3 

19Y3 

Half-Wave Rectifier 

Damper Diode 

Damper Diode- 

Half-Wave Rectifier 

4-pin S. 

9-pin B. 

.9-pin B. 

9-pin B. 

4G 

9CB - 

9BM 

98M - 

Htr. 

Htr. 

Htr. 

Htr. 

12.6 

17 

19 

19 

0.3 250 60 - .-.- HV 

0.3 

0.3 

6:3- 

- 150 4500 450 HV 

- 

-- 

  180 

180 

180 

180 

4500 400 HV 
700 - NV 

25A70 o 

25W4GT 

Rectifier-Pentode 

Half-Wave Rectifier 

8-pin O. 

6-pin O. 

8F 

4CG 

Htr. 

Htr. 

23 

25 

0.3   

0.3 

125 
350 

75 

125 

-, 

1250 

HV 

600 HV 

25X6GT Voltage Doubler 7-pin 0. 70 ler. 25 0.15 123 60 -..-•• - HV 

25Y4GT Half-Wave Rectifier 6-pon O. SAA Htr. 25 0.15 125 75 - - NV 

e -t'S 1. Voltage Doubler 6-pin S. 6E Htr. 25 0.3 250 85 .- - HV 

2523 Half-Wave Rectifier 4-pin S. 4G Htr. 25 0.3 250 SO - - HV 

2524 Half-Wave Rectifier 6-pin O. SAA Htr. 25 0.3 125 125 - - HV 

2525 Rectifier-Doubler 6-pin S. 6E Htr. 23 0.3 125 100 - 500 HV 

2625W Full-Wave Rectifier 9-pin B. 985 Htr. 26.5 0.2 
3254 
450i 

100 
100 

1250 300 HV 

2526 Rectifier-Doubler 7-pin 0. 70 Htr. 25 0.3 123 100 - 500 HV 

2825 Full-Wave Rectifier 8-pin L. 5AB Htr. 28 0.24  100 -..- 300 NV 

32L7GT Rectifier-Tetrad° 8-pin O. 8Z Htr. 32.5 0.3 -I 125 60 - - HV 

35W4 Half-Wave Rectifier 7-pin 8. 5110 Nt,. 35 2 0.15 125 100 , 330 600 HV 

35Y4 Half-Wave Rectifier 8-pin 0. SAL Ht,. 35 2 0.15 235 
60 
100 

700 600 HV2 

3523 Half-Wave Rectifier 8-pin L 4Z Htr. 35 0.13 250 , 100 700 600 NV 

3524GT Half-Wave Rectifier 6-pin O. SAA Htr. 35 0.13 250 100 700 600 KV 

35ZSG Half-Wave Rectifier 6-pin O. 6AD Htr 35 2 0.15 125 
60 
100 , - ---. 

 NV 

3526G Voltage Doubler 6-pin O. 70 Htr. 33 0.3 125 110 - 500 HV 

4025GT Half-Wave Rectifier 6-pin O. 6AD Htr. 40 2 0.15 123 60 
100 4 - «''..' 

HV 

4323 Half-Wove Rectifier 7-pin B. SAM Htr. 45 0.073 117 65 350 390 HV 

4525GT Half-Wave Rectifier 6-pin O. 6AD Htr. 45 2 0.15 123 60 
100 . - - HV 

SOAX6G Full-Wave Rectifier 7-pin 0. 70 Htr. 50 0.3 330 250 1250 600 FIV-

50X6 Voltage Doubler 8-pin L. 7AJ Htr. 30 0.15 117 75 700 450 NV-

- 50Y6GT Full-Wave Rectifier 7-pin 0. 70 Htr. 50 0.15 125 85 - ••••• NV 

50Y7GT Voltage Doubler 8-pin L. 8AN Htr. 50 2 0.15 117 65 700 NV 

50260 Voltage Doubler 7-pin O. 70 Htr. 50 0.3 125 150 - - NV 

5027G 1, Voltage Doubler 8-pin 0. BAN Nt,. 50 0.15 117 65 - --. ler 

70A7GT Rectifier-Tetrode 8-pin O. 8AB Htr. 70 0.15 125 , 60 - --.. NV 

70L7GT Rectifier-Tetrode 8-pin 0. 8AA Htr 70 0.15 117 70 - 350 HV 

72 Half-Wave Rectifier 4-pin M. 4P Fil. 2.3 3.0 - 30 20000 150 HV 

73 Half-Wave Rectifier 8-pin O. 4Y Fil. 2.5 4.5 - 20 13000 i 3000 HV 

80 Full-Wove Rectifier 4-pin M. 4C Fil. . 5.0 2.0 
350 4 
500 2 

123 
125 

1400 375 14V 

81 Half-Wave Rectifier 4-pin M. 48 Fil. 7.5 1.25 700 85 ---. - HV 

82 Full-Wove Rectifier 4-pin M. 4C Fil. 2.5 3.0 500 125 1400 400 MV 

83 Full-Wove Rectifier 4-pin M. 4C Fn. 5.0 3.0 500 250 1400 800 MV 

83-V Full-Wave Rectifier 4-pin M. 4AD Ht,. 5.0 2.0 400 200 1100 - HV 

84/624 Full-Wove Rectifier 5-pin S. SD Htr. 6.3 0.3 350 60 1000 -, NV 

117L7GT/ 
117M7GT Rectifier-Tefrode 8-pin O. 8A0 Htr. 117 0.09 117 75 ---. - NV 

117N7GT Rectifier-Tetrode 8-pin O. 8AV Htr. 117 0.09 117 73 350 450 NV 

117P7GT Rectifier-Tetrode 8-pin O. BAV Htr. 117 0.09 117 75 350 450 HV 

11723 Half-Wave Rectifier 7-pin B. 4BR Htr. 117 0.04 117 90 330 - HV 

117240T Half-Wave Rectifier 6-pin O. SAA Htr. 117 0.04 117 90 350 - HV 

11726GT Voltage Doubler 7-pin O. 70 Htr. 117 0.075 235 60 700 360 14V 

217-A 14 Half-Wave Rectifier 4-pin J. 4AT Fil. 10 3.25 -... - 3500 600 NV 

217-C Half-Wave Rectifier 4-pin J. 4AT Fil. 10 3.25 - 7500 600 NV 

Z225 Half-Wave Rectifier 4-pin M. 4P Fil. 2.5 5.0 - 250 10000 1000 MV 

249-8 Half-Wave Rectifier 4-pin M. Fig. 53 Fil. 2.5 7.5 3180 373 10000 1500 my 
HK253 Half-Wave Rectifier 4-pin J. 4AT Fil. 3.0 10 350 10000 1500 NV 

705A 
RK-705A Half-Wave Rectifier 4-pin W. T-3AA Fil. 

 2.5 9 
5.0 

5.0 
5.0 

....-• 

.-, 
50 
100 

35000 
35000 

375 
750 

HV 

816 Nall-Wave Rectifier 4-phi S. 4P Fil. 2.5 2.0 2200 125 7500 300 MV 

836 Half-Wave Rectifier 4-pin M. 4P Htr. 2.5 5.0 - - 5000 1000 HV 

866A/866 Half-Wave Rectifier 4-pin M. 4P Fil. 2.5 5.0 3500 250 10000 1000 MV 

8668 Half-Wave Rectifier 4-pin M. 4P Fil. 5.0 5.0 ..,.... - 8500 1000 MV 

866 Jr. Half-Wave Refiner 4-pin M. 48 Fil. 2.5 2.5 1250 250 , -..- -•-• MV 
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TABLE XV- RECTIFIERS- RECEIVING AND TRANSMITTING- Continued 

See also Table XIII - Control and Regulator Tubes 

Type 
No. Name Base 

Socket 
Conner- 
tien; 

Cathode 
Fil. or Heater Max. 

A.C. 
Voltage 
Per Plate 

D.C. 
Output 
Current 
Ma. 

Max. 
Inverse 
Peak 

Voltage 

Peak 
Plate 

Current 
Ma. 

, ..... 
'y" 

Volts Amp. 

HY866 Jr. Half-Wave Rectifier 4-pin M. 4P Fil. 2.5 2.5 1750 250 3 5000 - MV 

RK866 Half-Wave Rectifier 4-pin M. 4P Fil. 2.5 5.0 3500 250 10000 1000 MV 

871 ,0 Half-Wave Rectifier 4-pin M. 4P Fil. 2.3 2.0 1750 230 5000 500 MV 

878 Half-Wave Rectifier 4-pin M. 4P FIL 2.3 5.0 7100 5 20000 NV 

879 Half-Wave Rectifier 4-pin S. 41 fil. 2.5 1.73 2650 7.5 7500 100 HV 

872A/872 Half-Wave Rectifier 4-pin J. 4AT NI. 5.0 7.5 - 1230 10000 5000 MV 

975A 
575A Half-Wave Rectifier 4-pin J. 4AT Fil. 5.0 10.0 - 1500 13000 6000 MV 

OZ4A / 
• 1003 Full-Wave Rectifier 5-pin O. 4R Cold -... ......» - 110 880 -• G 

1003/ 
CK1005 

Full-Wave Rectifier 8-pin O. SAO FIL 6.3 0.1 70 450 210 G 

1006/ 
CK1006 

Full-Wove Rectifier 4-pin M. 4C FIL 1.73 2.25 ..-. 200 1600 -.-. G 

CK1007 Full-Wave Rectifier 8-pin O. T-9G Fil. 1.0 1.2 - 110 980 - G 

CK1009/11A Full-Wave Rectifier 4-pin M. .- Cold - - 350 1000 - G 

1274 Full-Wove Rectifier 6-pin O. 65 Mfr. 6.3 0.6 Same as 7Y4 NV 

1273 Full-Wave Rectifier 4-pin M. 4C Fil. 3.0 1.75 Same as 5Z3 NV 

1616 Half-Wave Rectifier 4-pin M. 4P Fil. 2.5 5.0 - 130 6000 800 NV 

1641/ 
RK60 

• Full-Wave Rectifier 4-pin M. T-4AG Fil. 3.0 3.0 
SO 4500 

NV 
250 2500 - 

1634 Half-Wave Rectifier 7-pin B. 2Z Fil. 1.4 0.05 2500 1 7000 6 HV 

5517 _ 

5690 

Half-Wave Rectifier 

Half-Wave Rectifier 

7-pin B. 5BU Cold - 1200 6 .... 50 G 

8-pin O. Fig. 74 Hi,. 
6.3 2.4 350 125, 1120 750 

HV 
12.6 1.2 330 1503 1120 750 

5825 Half-Wave Redit le, 4-pin M. 4P Fil. 1.6 1.25 2 60000 40 NV 

5993 Full-Wave Rectifier 9-pin B. Fig. 71 Htr. 6.3 0.8 - - 1250 230 NV 

6063/6X4 Full-Wave Rectifier 7-pin B. 585 Ht,. 6.3 0.6 
325, 70 - -.-

HV 
4507 70 - - 

6157 

8008 

Half -Wave Rectifier 9-pin B. Fig. 72 Ht,. 6.3 0.8 
500 75 ... - 

NV 
350 125 ••••-•• - 

Half-Wave Rectifier 4-pin' Fig. 11 Fil. 5.0 7.5 1250 10000 5000 MV 

8013A Half-Wave Rectifier 4-pin M. 4P Fil. 2.5 5.0 -.. 20 40000 150 NV 

8016 Half-Wave Rectifier 6-pin O. 4AC Fil. 1.25 0.2 .-. 2.0 10000 7.5 NV 

8020 Half-Wave Rectifier 4-pin M. 4P Fil. 
5.0 3.3 10000 100 40000 750 

HV 
5.8 6.5 12300 100 40000 750 

RK19 Full-Wave Rectifier 4-pin M. 4AT Mr. 7.3 2.5 1250 200 , 3500 600 HV 

RK21 Half-Wave Rectifier 4-pin M. 4P Ht. 2.5 4.0 1250 200' 3300 600 NV 

RK22 Full-Wave Rectifier 4-pin M. T-4AG Ht,. 2.5 8.0 1250 200 g 3500 600 NV 

RX21A Half-Wave Rectifier 5-pin M. -- Fil. 2.5 10.0 --• 750 11000 - MV 

1 With input choke of at least 20 henrys. 
1 Tapped for pilot lamps. 
, Per pair with choke input. 
Condenser input. 
s With 100 ohms min. resistance in series with plate; without 

series resistor, maximum r.m.s. plate rating is 117 volts. 

g Same as 872A/872 except for heavy-duty push-type base. 
Filament connected to pins 2 and 3, plate to top cap. 

7 Choke input. 
Without panel lamp. 

9 Using only one-half of filament. 
10 Discontinued. 



TABLE XVI - TRIODE TRANSMITTING TUBES 

Type 

Max. 
Plate 
DWI- 
potion 
W afts 

Cathode 
Max. 
Plate 

Voltage 

Max.' 
Plate 

Current .. 
"'a. 

ax. 
D.C. 
Grid 

Cwrene 
Ma. 

Amp. 
Factor 

Interelectrode 
Capacitances (amid.) Max. 

F 

'Mc.. 
Full 

Ratings 

Bose 
Socket 
Cannes- 
lions 

Typical Operation Plate 
Voltage 

Grid 
Voltage 

Plate 
Current 
ma 

D  

-Grid 
...foment 

Approx. 
Grid 

Droving 
Power 
Watts 

Class B 
P-to-P 

Load Res. 
Ohms 

Approx. 
Output 
Power 
Watts 

Volts Amp. 
Grid 
to 
Fil. 

Grid 
to 

Plate 

Plate 
to 
Fil. 

958-A 0.6 1.25 0.1 135 7 1.0 12 0.6 2.6 0.8 500 A. 5BD Class-C Amp.-Oscillator 135 - 20 7 1.0 0.035 0.6 
3572 - 1.4 

2.8 
0.22 
0.11 180 25 - 20 1.4 2.6 2.6 125 0. 7AP Class-C Amp. (Telegraphy) 180 0 25 -w -- - 2.8 

RK24 1.5 2.0 0.12 180 20 6.0 8.0 3.5 5.5 3.0 125 S. 4D Class-C Amp.-Oscillator 180 - 45 16.5 6.0 0.5 - 2.0 6J6 2 1.5 6.3 0.45 300 30 16 32 2.2 1.6 0.4 250 B. 7BF Class-C Amp. (Telegraphy) , 150 - 10 30 16 0.35 -- 3.5 9002 1.6 6.3 0.15 250 8 2.0 25 1.2 1.4 1.1 250 B. 7TM Class-C Amp.-Oscillator 180 - 35 7 1.5 --- - 0.5 955 1.6 6.3 0.15 180 8 2.0 25 1.0 1.4 0.6 250 A. 5BC Class-C Amp.-Oscillator 180 - 35 7 1.5 -.- --- 0.5 
HY11411 1.8 1.4 0.155 180 12 3.0 13 1.0 1.3 1.0 300 0. 2T 

Class-C Amp.-Oscillator 180 - 30 12 2.0 0.2 -- 1.4 2 
Class-C Amp. (Telephony) 180 - 35 12 2.5 0.3 - 1.4 •t 

3A5 2 2.0 1.4 
2.8 

0.22 150 
0.11 30 5.0 15 0.9 3.2 1.0 40 B. 7BC Class-C Amp.-Oscillator 2 150 - 35 30 5.0 0.2 - 2.2 

6F4 2.0 6.3 0.225 150 20 8.0 17 2.0 1.9 0.6 500 A. 7BR Class-C Amp.-Oscillator 150 
- 15 
550 
2000** 

20 7.5 0.2 -- 1.8 

HY24 2.0 2.0 0.13 180 20 4.5 9.3 2.7 5.4 2.3 60 S. 4D 
Class-C Amp. (Telegraphy) 180 - 45 20 4.3 0.2 2.7 
Class-C Amp. (Telephony) 180 - 45 20 4.5 0.3   -.. 2.5 RK33 t. 2 2.5 2.0 0.12 250 20 6.0 10.5 3.4 3-2 2.5 60 S. T-7DA Class-C Amp.-Oscillate, 2 250 - 60 20 6.0 0.54 -wws 3.5 12AU7 2 2.752 6.3 0.3 350 12 6 3.5 6 18 1.5 1.5 0.5 54 8. 9A Class-C Amp.-Oscillator 2 350 -100 24 7 -- - 6.0 6N4 3.0 6.3 0.2 180 12 - 32 3.1 2.35 0.55 500 B. 7CA Class-C Amp.-Oscillator 180 ------

6026 3.0 6.3 0.2 150 30 10 24 2.2 1.3 0.38 400 N. - Class-C Oscillator-400 Mc. 135 1300** 20 9.5 - -... 1.25 
HY6J5GTX 3.5 6.3 0.3 330 20 4.0 20 4.2 3.8 5.0 60 0. 60 

Class-C Amp.-Oscillator 330 - 30 20 2.0 0.2 - 3.5 
Class-C Amp. (Telephony) 250 - 30 20 2.5 0.3 - 2.5 2C22/7193 3.5 6.3 0.3 500 - - 20 2.2 3.6 0.7 - O. 4AM Class-C Amp. (Telegraphy) ------ - 

HY615 
HY-81148  3.5 6.3 0.175 300 20 4.0 20 1.4 1.6 1.2 300 

500 

0. 

O. 

T-8AG Class-C Amp.-Oscillator 300 - 35 20 2.0 0.4 - 4.0 1 
Class-C Amp. (Telephony) 300 - 35 20 3.0 0.8 - 3.5 3 GL-446A o 

GL-446B o 3.75 6.3 0.75 400 20 - 45 2.2 1.6 0.02 Fig. 19 Class-C Amp.-Oscillator 250 ---- - ---. ---- --.. -. 
GL-2C44 ' 
GL-464A 1 5.0 6.3 0.75 500 40 - - 2.7 2.0 0.1 500 0. Fig. 17 Class-C Amp.-Oscillator 250 ..-..... - -.... .....- -..... -..-
6C4 5.0 6.3 0.15 350 25 8.0 18 1.8 1.6 1.3 54 B. 6BG Class-C Amp.-Oscillator 300 - 27 25 7.0 0.35 -.ow. 5.5 1626 5.0 12.6 0.25 250 25 8.0 5.0 3.2 4.4 3.4 30 0. 60 Class-C Amp.-Oscillator 250 - 70 25 5.0 0.5 - 4.0 2C21/ 
RK33 2 5.0 6.3 0.6 250 40 12 ---- 1.6 1.6 2.0 - S. T-7DA Class-C Amp.-Oscillator 250 - 60 40 12 1.0 -- 7 
2C36 5 6.3 0.4 1500 5 - - 25 1.4 2.4 0.36 1200 N. Fig. 36 Plate-Pulsed 1000-Mc. Osc. 1000 3 0 900 •• -.- - --- 200, 2C37 
5766 
5767 

5 6.3 0.4 350 - - 25 1.4 1.85 0.02 3300 N. Fig. 36 1000-Mc. C.W. Oscillator 150 3000 ** 15 3.6 ---- -- 0.5 

5764 5 6.3 0.4 1500 5 11.5 - 25 1.4 1.85 0.02 3300 N. Fig. 36 Plate-Pulsed 3300-Mc. Ose. 1000 à 0 1300 - - -- 200, 5765 5 6.3 0.4 350 - --. 25 1.3 2.1 0.03 2900 N. Fog. 36 1900-Mc. C.W. Oscillator 180 10000 ** 25 - - -- 0.225 5794 - 6.0 0.16 N. Fig. 36 Fixed Tuned Oscillator 
Approximately 1680 Mc. 

85/108 - ---- ---- ---- _ _ 

5675 5 6.3 0.135 165 30 8 20 2.3 1.3 0.09 3000 N. Fig. 36 Grounded-Grid Osc. 120 - 8 25 4 - - 0.05 6N7 = 5.52 6.3 0.8 350 30 6 5.0 6 35 - -- -- 10 0. 8B Class-C Amp. Oscillator 2, tt 350 -100 60 10 - - 14.5 
5876 . 6.25 6.3 0.135 300 25 -- 56 2.5 1.4 0.035 1700 N. Fig. 36 Grounded-Grid Oscillator 250 - 2 23 3 - -- 0.75 

Frequency Multiplier 300 - 70 17.3 7 - - 2.0 2C40 6.5 6.3 0.75 500 25 - 36 2.1 1.3 0.05 500 O. Fig. 19 Class-C Amp.-Oscillator 250 - 5 20 0.3 --w- --- 0.075 
5556 7.0 4.5 1.1 350 40 10 8.5 4.0 8.3 3.0 6 M. 4D 

Class-C Amp. (Telegraphy) 350 - 80 35 2 0.25 - 6 
Class-C Amp. (Telephony 300 -100 30 2 0.3 4  

5893 8.0 6.0 0.33 400 40 13 27 2.5 1.75 0.07 1000 -- Fig. 36 
Class-C Amp. (Telegraphy) 350 - 33 35 13 2.4 6.5 
Class-C Amp. (Telephony) 300 - 45 30 12 2.0 - 6.5 



TABLE XVI - TRIODE TRANSMITTING TUBES-Continued 

Type 

Max. 
Plate 
Dissi- 
potion 
Watts 

Cathode 
Max. 
Plate 

Voltage 

Max ' 
Plate 

Curren t 
ss 
ma' 

Max. 
D.C. 
Grid 

Current 
Ma. 

Amp. 
Factor 

Interelectrode 
Capacitances (mufti.) 

Max. 
F. 1. 

Mc. 
Full 

Ratings 

Base 
Socket 
Connec- 
lions 

Typical Operation 
Plate 

Voltage 
Grid 

Voltage 

Plate 
Current 
hia. 

D.C. 
Grid 

Current 
Ma. 

Approx. 
Grid 

Driving 
. 
r OWEN 

Watts 

Class 8 
P-to-P 

Load Res. 
Ohms 

Approx. 
Output 
Power 
Watts Volts Amp. 

Grid 
to 

Fil. 

Grid 
to 

Plate 

Plate 
to 
Fil. 

2C43 12 6.3 0.9 500 40 - 48 2.9 1.7 0.05 1250 0. Fig. 19 Class-C Amp.-Oscillator 470 -. 38 I - --- - 9, 

2C26A 10 6.3 1.10 - - 16.3 2.6 2.8 1.1 250 O. 4811 - - - - - - -. 

2C34/ 
RK34 , 

10 6.3 0.8 300 80 20 13 3.4 2.4 0.5 250 M. T-7DC Class-C Amp.-Oscillator: 300 - 36 80 20 1.8 - 16 

205D 14 4.5 1.6 400 50 10 7.2 5.2 4.8 3.3 6 M. 40 
Class-C Amp.-Oscillator 400 -112 45 10 1.5 - 10 
Class-C Amp. (Telephony) 350 -144 35 10 1.7 - 7.1 

2C25 15 7.0 1.18 450 60 15 8.0 6.0 8.9 3.0 -• M. 40 
Class-C Amp.-Oscillator 450 -100 65 15 3.2 - 19 

Class-C Amp. (Telephony) 350 -100 50 12 2.2 - 12 

10Y 15 7.5 1.25 450 65 15 8 4.1 7.0 3.0 8 M. 4D 

, 

Class-C Amp.-Oscillator 450 -100 65 15 3.2 - 19 
Class-C Amp. (Telephony) 350 -100 50 12 2.2 12 

843 15 2.5 2.5 450 40 7.5 7.7 4.0 4.5 4.0 6 M. SA 
Class-C Amp.-Oscillator 450 -140 30 5.0 1.0 --.. 7.5 

Class-C Amp. (Telephony) 350 -150 30 7.0 1.6 - 5.0 

RK59, 15 6.3 1.0 500 90 25 25 5.0 9.0 1.0 - M. T-40 Class-C Amp.-Oscillotor 500 - 60 90 14 1.3 --. 32 

HY75A 15 6.3 2.6 450 90 25 9.6 1.8 2.6 1.0 175 0. 2T 
Class-C Amp. (Telegraphy) 450 -140 90 20 5.2 --• 26 

Class-C Amp. (Telephony) 400 -140 90 20 5.2 - 21 

HY75 15 6.3 2.5 450 80 20 10 1.8 3.8 1.0 60 0. 2T 
Class-C Amp.-Oscillator 450 - 50 80 12 -.... - 21 ' 

Class-C Amp. (Telephony) 450 - 60 80 12 ' •-•-• - 16 3 

1602, 15 7.5 1.25 450 60 15 8.0 4.0 7.0 3.0 6 M. 40 

Class-C Amp. (Telegraphy) 450 -115 55 15 3.3 - 13 

Class-C Amp. (Telephony) 350 -135 45 15 3.5 - 8.0 

Class-B Amp. Audio 7 425 - 50 110 3 260 3 2.5 3 8000 25 

841 15 7.5 1.25 450 60 20 30 4.0 7.0 3.0 6 M. 4D 
Class-C Amp. (Telegraphy) 450 - 34 50 15 1.8 - 15 

Class-C Amp. (Telephony) 350 - 47 50 15 2.0 - 11 

10, 
RK10 , 

15 7.5 1.25 450 65 15 8.0 3.0 8.0 4.0 
....- 
60 

M. 4D 
Class-C Amp. (Telegraphy) 450 -100 65 15 3.2 - 19 
Class-C Amp. (Telephony) 350 -100 50 12 2.2 - 12 

Class-B Audio , 425 - 50 55 3 130 , 2.5 3 3000 25 

RK100 , 15 6.3 0.9 150 250 100 40 23 19 3.0 - M. T-61I 
Class-C Oscillator 110 - 80 8.0 - -•-• 3.5 

Class-C Amplifier 110 -.- 185 40 2.1 - 12 

TUF-20 20 6.3 2.75 750 75 20 10 1.0 3.6 0.095 250 0. 21 Class-C Amp.-Oscillator 750 -150 75 20 1.5/2.5 - 40 

1608 20 2.5 2.5 425 95 25 20 8.5 9.0 3.0 45 M. 40 
Class-C Amp. (Telegraphy) 425 - 90 95 20 3.0 --.- 27 

Class-C Amp. (Telephony) 350 - 80 85 20 3.0 - 18 

Class-B Amp. Audio 7 425 - 15 190 3 130 , 2.2 , 4800 50 

310 20 7.5 1.25 600 70 15 8.0 4.0 7.0 2.2 6 M. 4D 
Class-C Amp. (Telegraphy) 600 -150 65 15 4.0 - 25 

Class-C Amp. (Telephony) 500 -190 55 15 4.5 - 18 

703-A 20 1.2 4/4.5 350 75 12 8 0.9 1.1 0.6 1400 N. - Class-C Amplifier 350 -120 75 12 - 2/2.5 

801-A /801 20 7.5 1.25 600 70 15 8.0 4.5 6.0 1.5 60 M. 4D 

Class-C Amp. (Telegraphy) 600 -150 65 15 4.0 -.•-• 25 

Class-C Amp. (Telephony) 500 -190 55 15 4.5 18 

Class-B Amp. Audio 7 600 - 75 130 320 , 3.0 3 10000 45 

HY801-41 20 7.5 1.25 600 70 15 8.0 4.5 6.0 1.5 60 M. 4D 
Class-C Amp. (Telegraphy) 600 -200 70 15 4.0 30 

Class-C Amp. (Telephony) 500 -200 60 15 4.5 - 22 

120 20 7.5 1.75 750 85 25 20 4.9 5.1 0.7 60 M. 3G 
Class-C Amp. (Telegraphy) 750 - 85 85 18 3.6 - 44 

Class-C Amp. (Telephony) 750 -140 70 15 3.6 - 38 

T220 20 7.5 1.75 75p 85 30 62 5.3 5.0 0.6 60 M. 3G 

Class-C Amp. (Telegraphy) 750 - 40 85 28 3.75 -- 44 

Class-C Amp. (Telephony) t 50 -100 70 23 4.8 - 38 

Class-B Amp. Audio , 800 0 f40/136 160 , 1.8 3 12000 70 

15E 20 5.5 4.2 - - --- 25 1.4 1.15 0.3 600 N. T-4AF Class-C Amp. (Telegraphy) Characteristics similar to 25T 



TABLE XVI -TRIODE TRANSMITTING TUBES - Continued 

Type 

Max. 
Plate 
Dissi- 
potion 
w atts 

Cathode 

- 

Volts 
- 

Amp. 

Max 
et.... 
`'''''' Voltage 

2000 

Max 
Plate 

Current 
Ma  

75 

I Max. 
D C. 

I I,. :... 

Current 
Ma. 

Amp. 
Factor 

Interelectrode 
Capacitances (exfd.) Max. 

Fan. 

Mc. 
Full 

Ratings 

Base   
Socket 
C - 
lions 

Typical Operation Plots 
Voltage 

Grid 
Voltage 

Plate 
Current 
ma. 

D.C' 
Grid 

Current 
Ma. 

Approx. 
Grid 

Driving 
Power 
Watts 

Class B 
P-to-P 

load Res. 
Ohms 

Approx. 
Output 
Power 
Watts 

Grid 
to 
Fil. 

Grid 
to 

Plate 

Plate 
to 
Fil. 

3-25A3 
251 25 6.3 

6.3 

6.3 

3.0 25 24 2.7 1.5 0.3 60 M. 3G 
Clasi-C Amp.-Oscillator 

2000 

- 1500 
-130 63 18 4.0 -• 100 
- 95 67 13 2.2 -----. 75 

1000 - 70 72 9 1.3 - 47 
Class-8 Amp. Audio , 2000 - 80 16/80 270 , 0.7 , 55500 110 

3-2503 
3C24 
24G 

25 3.0 2000 75 25 23 2.0 

1.7 
1.6 
1.5 

0.2 
0.3 

150 S. 20 
Class-C Amp.-Oscillator 

2000 

- 1500 

-170 63 17 4.5 -,-.- 100 
-110 67 15 3.1 - 75 

1000 - 80 72 15 2.6 47 
Class-8 Audio 7 2000 - 85 16/80 290 , 1.1 , 55500 3C28 25 3.0 2000 75 25 23 2.1 1.8 0.1 100 S. Fig. 56 Class-C Amp.-Oscillator Characteristics 3C24 

110 

3C34 25 6.3 

6.3 

3.0 2000 75 25 23 2.5 1.7 0.4 60 S. 3G Class-C Amp.-Oscillator 
same as 

Characteristics 3C24 
RK1111 25 3.0 750 105 35 20 7e 7.0 0.9 60 M. 3G 

Class C Amp. (Telegraphy) 750 -120 105 
same 

21 
as 

3.2 - 55 
Class-C Amp. (Telephony) 600 -120 85 24 3.7 -. 38 

itK12 25 6.3 3.0 750 105 40 100 7.0 7.0 0.9 60 M. 3G 
Class-C Amp. (Telegraphy) 750 -100 103 35 5.2 -- 55 
Class-C Amp. (Telephony) 600 -100 85 27 3.8 -.--- 38 

HK24 25 6.3 3.0 2000 75 30 25 2.5 1.7 0.4 60 S. 3G 
Class-C Amp. (Telegraphy) 2000 -140 56 18 4.0 --.. 90 
Class-C Amp. (Telephony) 1500 -145 SO 25 5.5 -. 60 

HT25 25 7.5 2.25 800 75 25 55 4.2 4.6 1.0 60 M. 3G 
Class-C Amp. (Telegraphy) 750 - 45 75 15 2.0 -- 42 
Class-C Amp. (Telephony) 700 - 45 75 17 5.0 - 39 

8025 

 30  

30 

20 

 30  
6.3 1.92 1000 

65 

65 

80 

- 

20 

20 

18 2.7 2.8 0.35 500 M. 4A0 

Class-C Amp. (Grid. Mod.) 1000 -135 50 4 3.5 -• 20 
Class-C Amp. (Telephony) 800 -105 40 10.3 1.4 -. 22 
Class-C Amp. (Telegraphy) 1000 - 90 50 14 1.6 -..- 35 

HY30Z 1 30 6.3 

- 6.3 

2.25 850 90 25 87 6.0 4.9 1.0 60 M. 480 
Class-C Amp.-Oscillator 850 - 75 90 25 2.5 -•- 58 
Class-C Amp. (Telephony) 700 - 75 90 25 3.5 --. 47 HT31Z 2 

11 T1231Z1 
30 

12.6 
3.5 
1.7 

500 150 30 43 5.0 5.5 1.9 60 M. T-40 Class-C Amp. (Telegraphy) 500 - 45 150 25 2.5 --• 56 
Class-C Amp. (Telephony) 400 -100 150 30 3.5 - 45 316A 

VT-191 30 2.0 3.65 450 80 12 6.5 1.2 1.6 0.8 500 N. Class-C Amp. (Telegraphy) 450 --.. 80 12 -- --- 7.5 
Class-C Amp. (Telephony) 

400 """- 80 12 •-.. --- 6.5 

809 30 6.3 2.5 1000 125 -- 50 5.7 6.7 0.9 60 M. 3G 
Class-C Amp. (Telegraphy) 1000 - 75 100 25 3.8 --- 75 
Class-C Amp. (Telephony) 750 - 60 100 -- 32 

-155 , 
4.3 -- 35 

Class-8 Amp. Audio .7 1000 - 9 40/200 2.7 , 11600 145 

1623 30 6.3 2.5 1000 100 25 20 5.7 6.7 0.9 60 M. 3G 

Class-C Amp.-Oscillator 1000 - 90 .100 20 3.1 --. 75 
Class-C Amp. (Telephony) 750 -125 100 20 4.0 --. .55 
Class Amp. Audio 

53A 35 5.0 12.5 15000 ...,- -.-- 35 3.6 1.9 0.4 - N. T-4B 

-B 1000 - 40 30/200 230 , 4.2 8 12000 145 

RK30, 35 7.5 

Oscillator at 300 Mc. Approximately 

90 
SO watts output 

3.25 1250 80 25 15 2.75 2.5 2.75 60 M. 20 
Class-C Amp. (Telegraphy) 1250 -180 18 5.2 - 85 
Class-C Amp. (Telephony) 1000 -200 80 15 4.5 -- 60 

800 35 7.5 3.25 1250 80 25 15 2.75 2.5 2.75 60 M. 20 
Class-C Amp. (Telegraphy) 1250 

- 

-173 70 15 4.0 -- 65 
Class-C Amp. (Telephony) 1000 -200 70 15 4.0 - 50 
Class-B Amp. Audio 7 1250 - 70 30/130 300 8 3.4'7 21000 106 

1628 1 40 3.5 3.25 1000 60 15 23 2.0 2.0 0.4 500 N. T-4118 
Class-C Amp.-Oscillator 1000 - 65 50 15 1.7 --• 35 
Class-C Amp. (Telephony) 800 -100 40 11 1.6 ---- 22 
Grid-Modulated Amp. 1000 -120 50 3.5 3.0 -.- 20 

8012 
G1-8012-A 40 6.3 2.0 1000 80 20 18 

2.7 

2.7 
2.8 

2.5 
0.35 

0.4 
500 N. T-41111 

Class-C Amp..CiscIllator 1000 - 90 30 14 1.6 - 35 
Class-C Amp. (Telephony) 800 -105 40 10.5 1.4 .--. 22 
Grid-Modulated Amp. 1000 -135 50 4.0 3.5 - 20 

RK18 1 40 

- 

7.5 3.0 1250 100 40 18 6.0 4.8 1.8 60 M. 3G Class-C Amp. (Telegraphy) 1250 -160 100 12 2.8 --. 95 
Class-C Amp. (Telephony) 1000 -160 80 13 3.1 - 64 



TABLE XVI - TRIODE TRANSMITTING TUBES - Continued 

Type 

Max. 
Plate 
Dissi- 
potion 
Watts 

Cathode 
Max. 
Plate. 

Voltage 

Max • 

Plat° 
Current 
m  
Ma. 

Max. 
D.C. 
Grid 

Current 
Ma. 

Amp. 
Factor 

Interelectrode 
Capacitances (W.f.) 

Max. 
Frog. 

Mr. 
Full 

Ratings 

Base 
Socket 
Connec- 
tIons 

- 

Typical Operation 
Plate 

Voltage 

Grid 

Voltage 

Plate 
Current 
ma. 

D C 
" Grid 

Current 
Me. 

Approx. 
Grid 

Driving .,_w _. 
r" '''' 
Watts 

Class 8 
P-to-P 

Load Res. 
Ohms 

Approx. 
Output 
Power 
Watts 

Grid 
t° 
Fil. 

Grid 
t°  

Plate 

Plate 
1° 
Fil. 

- 

Volts Amp. 

R1(311 40 7.5 3.0 1250 100 35 170 7.0 1.0 2.0 30 M. 3G 
Class-C Amp. (Telegraphy) 1250 - 80 100 30 3.0 -... 90 

Class-C Amp. (Telephony) 1000 - 80 100 28 3.5 -.. 70 

HY40 , 40 7.5 2.25 1000 125 25 25 6.1 5.6 1.0 60 M. 3G 

Class-C Amp. (Telegraphy) 1000 - 90 125 20 5.0 - 94 

Class-C Amp. (Telephony) 850 - 90 125 25 5.0 - 82 

Grid-Modulated Amp. 1000 -• 125 - 20 

HY40Z 1 40 7.5 2.6 1000 125 30 80 6.2 6.3 0.8 60 M. 3G 

Class-C Amp. (Telegraphy) 1000 - 27 125 25 5.0 - 94 

Class-C Amp. (Telephony) 850 - 30 100 30 7.0 82 

Grid-Modulated Amp. 1000 - 60 •••-• •-- 20 

T40 40 7.5 2.5 1500 150 40 25 4.5 4.8 0.8 60 M. 3G 
Class-C Amp.-Oscillator 1500 -140 150 28 9.0 -- 138 

Class-C Amp. (Telephony) 1250 -115 115 20 5.25 - 104 

TZ40 40 7.5 2.5 1500 150 45 62 4.8 5.0 0.8 60 

_ 

M. 3G 

Class-C Amp.-Oscillator 1500 - 90 150 38 10 - 165 

Class-C Amp. (Telephony) 1250 -100 125 30 7.5 .-- 116 

Class-8 Amp. Audio 7 1500 - 9 250 8 285 e 6.0 8 12000 250 

HY57 40 6.3 2.25 850 110 25 50 4.9 5.1 1.7 60 M. 3G 

Class-C Amp. (Telegraphy) 850 - 48 110 15 2.5 ••••- 70 

Class-C Amp. (Telephony) 700 - 45 90 17 5.0 - 47 

Grid-Modulated Amp. 850 - 70 -•-•. ,... -..- 20 

756' 40 7.5 2:0 850 110 25 8.0 3.0 7.0 2.7 M. 4D Class-C Amplifier 850 - 110 25 •-.- -- -.•-• 

530 1 40 10 2.15 750 110 18 8.0 4.9 9.9 2.2 15 M. 4D 
Class-C Amplifier 750 -180 110 18 7.0 -••• 55 

Grid-Modulated Amp. 1000 -200 SO 2.0 3.0 - 15 

3-50A4 

35T 
3-50D4 
35TG 

50 5.0 4.0 2000 150 50 39 
4.1 

2.5 

1.8 

1.8 

0.3 

0.4 

100 

100 

M. 

M. 

3G 
2D 

Class-C Amp. (Telegraphy) 2000 -135 125 45 13 -- 200 

Class-C Amp. (Telephony) 1500 -150 90 40 11 105 

Class-8 Amp. Audio i 2000 - 40 4/167 255 8 4.0 , 27500 235 

8010-R 50 6.3 2.4 1350 150 20 30 2.3 1.5 0.07 350 N. - Class-C Amplifier -• -••••• ... - -.-. --- - 

RK32 , 50 7.5 3.25 1250 100 25 11 2.5 3.4 0.7 100 M. 2D 
Class-C Amp. (Telegraphy) 1250 -225 100 14 4.8 - 90 

Class-C Amp. (Telephony) 1000 -310 100 21 8.7 .- 70 

RK351 50 7.5 4.0 1500 125 20 9.0 3.5 2.7 0.4 60 M. 20 

Class-C Amp. (Telegraphy) 1500 -250 115 15 5.0 •-•.- 120 

Class-C Amp. (Telaphony) 1250 -250 100 14 4.6 - 93 

Grid-Modulated Amp. 1500 -180 37 •••• 2.0 -- 25 

RK37 50 7.5 4.0 1500 125 35 28 3.5 3.2 0.2 60 M. 20 

Class-C Arnp. (Telegraphy) 1500 -130 113 30 7.0 -.- 122 

Class-C Amp. (Telephony) 1250 -150 100 23 5.6 --. 90 

Grid-Modulated Amp. 1500 - 50 50 -.- 2.4 --- 26 

3-50G2 
UH50 

SO 7.5 3.25 1250 125 25 10.6 2.2 2.6 0.3 60 M. 20 

Class-C Amp. (Telegraphy) 1250 -225 125 20 7.5 - 115 

Class-C Amp. (Telephony) 1250 -325 125 20 10 - 115 

Grid-Modulated Amp. 1250 -200 60 2.0 3.0 •-•.- 25 

UH51 , 50 5.0 6.5 2000 175 25 10.6 2.2 2.3 0.3 60 M. 2D 

Class-C Amp. (Telegraphy) 2000 -500 150 20 15 --, 225 

Class-C Amp. (Telephony) 1500 -400 165 20 15 ...- 200 

Grid-Modulated Amp. 1500 -400 85 2.0 8.0 «.- 65 

HK54 50 5.0 5.0 3000 150 30 27 1.9 1.9 0.2 100 M. 20 

Class-C Amp. (Telegraphy) 3000 -290 100 25 10 250 

Class-C Amp. (Telephony) 2500 -250 100 20 8.0 -••• 210 

Class-8 Amp. Audio , 2500 - 85 

-590 

20/150 

167 

360 , 

20 

3.0 

15 

40000 

..- 

275 

200 

HK154 1 50 5.0 6.5 1300 175 30 6.7 4.3 5.9 1.1 60 M. 20 

Class-C Amp. (Telegraphy) 1500 

Class-C Amp. (Telephony) 1250 -460 170 20 12 - 162 

Grid-Modulated Amp. 1500 -430 52 -.., 5.0 - 28 

HK158 50 12.6 2.5 2000 200 40 25 4.7 4.6 1.0 60 M. 20 
Class-C Amp.-Oscillator 2000 -150 125 25 6.0 -...- 200 

Class-C Amp. (Telephony) 2000 -140 105 25 5.0 170 

WE304A ' 
30411 

50 7.5 3.25 1250 100 25 11 2.0 2.5 0.7 100 M. 
- 

2D 
Class-C Amp. (Telegraphy) 1250 -200 100 .--.. -.- --- 85 

Class-C Amp. (Telephony) 1000 -180 100 ..... --- 65 
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Type 

Max. 
Plate 
Dissi 
potion 
Web 

Cathode 
Max' 
Plate 

Voltage 

Max • 
Plate 

Current ... 
"' • 

Max. 

Grid D.C. Current 

Ma. 

Amp. 
Factor 

Interelectrode 
Capacitances (meld.) 

Max. 
Freq. 

Mc. 
Full 

Ratings 

Base 
Socket 
Connec- 
lions 

Typical Operation Plate 
Voltage 

Grid 
Voltage 

Flare 

Current 
M 

D.C. 
Grid 

Current 
Ma • 

Approx. 

Grid 
Driving 
p o  we' 
Watts 

Cl 8 Class 
P-to-P 

Load Res. 
Ohms 

Approx. 
Output 
Power 
Watts Volts Amp. 

Grid 
to 
Fil. 

Grid 
to 

Plate 

Plate 
to 
Fil. 

336A 50 5.0 5.0 1500 120 35 50 2.25 2.73 1.0 60 N. T-4BD 
Class.0 Amp. (Telegraphy) 1500 - 60 100 -- -  i-- 100 
Ciass-C Amp. (Telephony) 1250 -100 100 35 - -ww 85 

808 50 7.5 4.0 1500 150 35 47 5.3 2.8 0.15 30 M. 2D 

Class-C Amp. (Telegraphy) 1500 -200 125 30 9.5 - 140 
Ciass-C Amp. (Telephony) 1250 -225 100 32 10.5 -,- 105 
Class-8 Amp. Audio , 1500 - 25 30/190 220 , 4.8 8 18300 185 

834 50 7.5 3.1 1250 100 20 10.5 2.2 2.6 0.6 100 M. 2D 
Class-C Amp. (Telegraphy) 1250 -225 90 15 4.5 - 75 
Class-C Amp. (Telephony) 1000 -310 90 17.5 6.5 --w 58 

841A , 50 10 2.0 1250 150 30 14.6 3.5 9.0 2.5 ---. M. 3G Class-C Amplifier w.--. -. -. -... --. 83 
8415W 50 10 2.0 1000 150 30 14.6 w.-. 9.0 -.. -w.• M. 3G Class-C Amplifier 

T55 55 7.5 3.0 1500 150 40 20 5.0 3.9 1.2 60 M. 3G 
Class-C Amp. (Telegraphy) 1500 -170 150 10 6.0 •-•-• 170 
Class-C Amp. (Telephony) 1500 -195 125 15 3.0 145 

811 55 6.3 4.0 1500 150 50 160 5.5 5.5 0.6 60 M. 3G 
Class-C Amp. (Telegraphy) 1500 -113 150 35 8.0 170 
Class-C Amp. (Telephony) 1250 -125 125 50 11 ...... 120 
Class-11 Amp. Audio , 1500 - 9 20/200 150 8 3.0 , 17600 220 

812 55 6.3 4.0 1500 150 35 29 5.3 5.3 0.8 60 M. 3G 

Class-C Amp. (Telegraphy) 1500 -175 150 25 6.5 •- 170 
Class-C Amp. (Telephony) 1250 -125 125 25 6.0 -.-w 120 
Class-11 Amp. Audio , 1500 - 45 50/200 232 8 4.7 8 18000 220 

RK51 60 7.5 3.75 1500 150 40 20 6.0 6.0 2.5 60 M. 3G 
Ciass-C Amp. (Telegraphy) 1500 -250 150 31 10 •ww. 170 
Class-C Amp. (Telephony) 1250 -200 105 17 4.5 ...ww 96 
Grld-Mndulated Amp. 1500 -120 60 - 0.4 2.3 -...w 128 

RK52 60 7.5 3.75 1500 130 50 170 6.6 12 2.2 60 M. 3G 

Class-C Amp. (Telegraphy) 1500 -120 130 40 7.0 -. 135 
Class-C Amp. (Telephony) 1250 -120 115 47 8.5 -. 102 
Class-B Amp. Audio 7 . 1250 0 40/300 180 , 7.5 , 10000 250 

T-60 60 10 2.3 1600 150 50 20 5.5 5.2 2.5 60 M. 2D Class-C Amp.-Oscillator 1500 -150 150 50 9.0 --. 100 

826 55 7.5 4.0 1000 140 40 31 3.0 2.9 1.1 250 N. 7110 
Class-C Amp.-Oscillator 1000 - 70 130 35 5.8 - 90 
Class-C Amp. (Telephony) 1000 -160 95 40 11.5 - 70 
Grid-Modulated Amp. 1000 -125 65 9.5 8.2 25 

8308 
9308 

60 10 2.0 1000 150 30 25 5.0 11 1.8 15 M. 3G 

Class-C Amp.-Oscillator 1000 -110 140 30 7.0 -. 90 
Class-C Amp. (Telephony) 800 -150 95 20 5.0 -... 50 
Class-8 Amp. Audio 7 1000 - 35 20/280 270 9 6.0 0 7600 175 

811-A 65 6.3 4.0 1300 175 50 160 5.9 5.6 0.7 60 M. 3G 
Class-C Amp. (Telegraphy) 1500 - 70 173 40 7.1 200 
Class-C Amp. (Telephony) 1250 -120 140 45 10.0 -••-• 135 
Class-B Amp. Audio 7 1500 - 4.5 32/313 170 , 4.4 , 12400 340 

812-A 65 6.3 4.0 1500 175 35 29 5.4 5.5 0.77 60 M. 3G 
Class-C Amp. (Telegraphy) 1500 -120. 173 30 6.5 -. 190 
Class-C Amp. (Telephony) 1250 -115 140 35 7.6 - 130 
Class-11 Audio 7 1500 - 48 28/310 270 ' 5.0 13200 340 

HY51A , 
HY5113 , 65 

7.5 
10 

3.5 
2.25 1000 175 25 25 6.5 7.0 1.1 60 M. 3G 

Class-C Amp. (Telegraphy) 1000 - 75 175 20 7.5 - 131 
Class-C Amp. (Telephony) 1000 -67.5 130 13 7.5 .w.- 104 
Grid-Modulated Amp. 1000 - 100 - - •-• 33 

HYS1Z1 65 7.5 3.5 1000 175 35 85 7.9 7.2 0.9 60 M. 480 

Class-C Amp. (Telegraphy) 1000 -22.3 175 35 10 131 
Class-C Amp. (Telephony) 1000 - 30 130 35 10 104 
Grid-Modulated Amp. 1000 -. 100 ...w .--. 33 

5514 65 7.5 3.0 1500 175 60 145 7.8 7.9 1.0 60 M. 480 

Class-C Amp. (Telegraphy) 1500 -106 175 60 12 •-w- 200 
Class-C Amp. (Telephony) 1250 - 84 142 60 10 -• 135 
Class-B Audio 1500 -4.5 350 , 88 , 6.5 , 10300 400-
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Type 

Max. 
Plate 
Dissi- 
potion 
W atts 

Cathode 
Max. 
Plate 

Voltage 

Max • 
Plate 

Current 
.. 

Max. 
D.C. 
Grid 

Current 
Ma. 

Amp. 
Factor 

Interelectrode 
Capacitances (µofd.) 

Max. 
Freq. 

Mc. 
Full 
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Base   
Socket 
C - 
lions 

Typical Operation 
Plate 

Voltage 

I 

Grld 
Voltage 

Plate 
Current 
m.. 

D.C. 

c.G,rreidnt 

Mo. 

Approx. 
Grid 

Driving 
Power 
Watts 

Class B 
P.to-P 

Load Res. 
Ohms 

Approx. 
Output 
Power 
Watts Volts Amp. 

Grid 
to 
Fil. 

Grid 
to 

Plate 

Plate 
to 
Fil. 

UH35 I 70 5.0 4.0 1500 150 35 30 1.4 L6 0.2 60 M. 3G 
Class-C Amp. (Telegraphy) 1300 -170 150 30 7.0 -- 170 

Class-C Amp. (Telephony) 1500 -120 100 30 5.0 -•-• 120 

V70 
V70B 

70 10 2.5 1500 140 25 14 5.0 9.0 2.3 - J. 
M. 

3N 
3G 

Class-C Amp. (Telegraphy) 1500 -215 130 6.0 3.0 .- 140 

Class-C Amp. (Telephony) 1250 -250 130 6.0 3.0 -.-- 120 

V70A 
1/70C 

70 10 2.5 1500 140 20 25 5.0 9.5 2.0 -..... 
J. 

M. 

3N 

3G 

Class-C Amp. (Telegraphy) 1000 -110 140 30 7.0 --. 90 

Class-C Amp. (Telephony) 800 -150 95 20 5.0 - 50 

SOT' 75 5.0 6.0 3000 100 30 12 2.0 2.0 0.4 - M. 2D Class-C Amplifier 3000 -600 100 25 -.- - 250 

3-75A3 
75TH 

75 5.0 6.25 3000 225 

40 20 2.7 2.3 0.3 

40 M. 

20 
Class-C Amp. (Telegraphy) 2000 -200 150 32 10 ..-- 225 

Class-8 Amp. Audio' 2000 - 90 50/225 350 , 3, 19300 300 

3-75A2 
75TL 35 12 2.6 2.4 0.4 2D 

Class-C Amp. (Telegraphy) 2000 -300 150 21 8 -, 225 

Class-11 Amp. Audio , 2000 -160 50/250 535 , 5' 18000 350 
200-

HF-60 75 10 2.5 1600 160 - 28 5.4 5.2 1.5 30 M. 20 

Class-C Amp. (Telegraphy) 1600 -190 158 12 3.5 .--- 

Class-C Amp. (Telephony) 1250 - 190 113 8 2.5 .- 110 

Class-8 Amp. Audio - 1600 - 75 50/248 310 , 3.0 13800 262 

ZB-60 75 10 2.8 1600 160 40 80 6.1 5.8 1.85 30 M. 2D 
Class-C Amp. (Telegraphy) 1500 - 95 158 31 6.0 - 190 

Class-8 Amp. Audio' 1500 - 9 30/305 208 , 12.5 11200 320 

111H 75 10 2.5 1500 160 30 23 5.0 4.6 2.9 30 M. 2D 

Class-C Amp. (Telegraphy) 1500 - 200 150 18 6.0 - 170 

Class-C Amp. (Telephony) 1250 -250 110 21 8.0 - 105 

Class-8 Amp. Audio' 1750 - 62 40/270 324 , 9.0 16000 350 

HF75 75 10 3.25 2000 120 - 12.5 - 2.0 - 75 M. 20 Class-C Oscillator-Amp. 2000 - 120 -.- - - 150 

TW75 75 7.5 4.15 2000 175 60 20 3.35 1.5 0.7 60 M. 2D 
Class-C Amp.-Oscillator 2000 -175 150 37 12.7 - 225 

Class-C Amp. (Telephony) 2000 -260 125 32 13.2 - 198 

T-100 
HF100 

75 10 2.5 1500 150 30 23 4.0 4.5 2.6 30 M. 2u 

Class-C Amp. (Telegraphy) 1500 -200 150 18 6.0 - 170 

Class-C Amp. (Telephony) 1250 -250 110 21 8.0 - 105 

Grid-Modulated Amp. 1500 -280 72 1.5 6.0 - 42 

Class-8 Amp. Audio , 1750 - 62 40/270 324 , 9.0 , 16000 350 

UE-100 75 10 2.5 1750 150 30 23 3.5 4.5 1.4 30 M. 2D 
Class-C Amp. (Telegraphy) 1500 -200 150 18 6.0 .--- 170 

Class-C Amp. (Telephony) 1250 -250 120 21 8.0 .- 105 

Class-8 Audio , 1750 - 62 540 , -.- 9.0 16000 350 

ZB120 

. 

75 10 2.0 1250 160 40 90 5.3 5.2 3.2 30 J. 4E 

Class-C Amp. (Telegraphy) 1250 -135 160 23 5.5 - 145 
Class-C Amp. (Telephony) 1000 -150 120 21 5.0 - 95 
Grid-Modulated Amp. 1250 ..... 95 8.0 1.5 - 45 

Class-8 Amp. Audio ' 1 500 - 9 60/296 196 , 5.0 ' 11200 300 

3278 75 10.5 10.6 - - - 30 3.4 2.45 0.3 N. T-4AD -•-• - ......... ---. - - ...-

242A 85 10 3.25 1250 150 50 12.5 6.5 13 4.0 6 J. 4E 
Class-C Amp. (Telegraphy) 1250 -175 150 - -. -. 130 
Class-C Amp. (Telephony) 1000 -160 150 50 .-- •....... 100 

2840 85 10 3.25 1250 150 100 4.8 6.0 8.3 5.6 -.- J. 4E 
Class-C Amp. (Telegraphy) 1250 -500 150 -.- .--• .-- 125 
Class-C Amp. (Telephony) 1000 -450 150 SO -. - 100 
Class-8 Amp. Audio , 1250 -250 30/200 - ..- 11200 140 

812.H 85 6.3 4.0 1750 200 45 5.3 5.3 0.8 30 M. 30 

Class-C Amp. (Telegraphy) 
1750 -175 170 26 6.5 - 225 

1250 -125 125 25 5.0 - 116 

Class-C Amp. (Telephony) 
1500 -125 165 21 6.0 - 180 
1250 -125 125 25 6.0 - 120 

Class-8 Amp. Audio , 1500 - 46 42/200 - - 18000 225 
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Type 

Max. 
Plate 
D.ssi 
pafion 
Warts 

cathode 
Max. Max. 

PlateAmp. 
Current .,. 
me* 
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Grid 
Current 
Mo. 

Factor 
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, , 
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Mc. 
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Socket 
Conner- 
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Voltage 

Plate 
Current 
ma. 

D.C. 
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Current 
Ma. 

/Sow 
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Driving 
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"v." Watts 

Class 8 
P-to-P 

Load Res. 
Ohms 
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Output 
Power 
Watts Volts Amp. 

Plate 
Voltage Grid 

to 
Fit. 

Grid 
to 

Plate 

Plate 
to 
Fil. 

BOOS 85 10 3.25 1500 200 45 20 6.4 5.0 1.0 60 M. 3G 

Class-C Amp-Telegraphy 1500 -130 200 32 7.5 -• 220 
Class-C Amp. (Telephony) 1250 -195 190 28 9.0 ••••- 170 
Class-B Amp. Audio , 1500 - 70 40/310 310 , 4.0 10000 300 

V-70-0 85 7.5 3.25 1750 200 45 

- 

•- 4.5 4.5 1.7 30 M. 3G 

Class-C Amp. (Telegraphy) 
1750 -100 170 19 3.9 225 
1500 - 90 165 19 3.9 -... 195 

Class-C Amp. (Telephony) 
1500 - 90 165 19 3.7 - 185 
1250 - 72 127 16 2.6 --. 122 

R K36 1 100 5.0 8.0 3b00 165• 35 14 4.5 5.0 1.0 60 M. 20 

Class-C Amp. (Telegraphy) 2000 -360 150 30 15 - 200 
Class-C Amp. (Telephony) 2000 -360 150 30 15 - 200 
Grid-Modulated Amp. 2000 -270 72 1.0 3.5 •- 42 

Rk38 1 100 5.0 8.0 300 165 40 -.-- 4.6 4.3 0.9 60 M. 20 
Class-C Amp. (Telegraphy) 2000 -200 160 30 10 ...... 225 
Class-C Amp. (Telephony) 2000 -200 160 30 10 225 
Grid-Modulated Amp. 2000 -150 80 2.0 5.5 60 

3-100A4 
100TH 100 5 .0 6.3 3000 225 60 40 2.9 2.0 0.4 40 M. 2D 

Class-C Amp. (Telegraphy) 
- 3000 -200 165 51 18 .... 400  Class-C Amp. (Telephony) 

Grid-Modulated Amp. 3000 -400 70 3.0 7.0 - 100 
Class-8 Amp. (Audio) , 3000 - 65 40/215 335 . 5.0 . 31000 650 

3-100A2 
100TL 100 5.0 6.3 3000 225 50 14 2.3 2.0 0.4 40 M. 2D 

Class-C Amp. (Telegraphy) 
3000 -400 165 30 20 - 400 

Class-C Amp. (Telephony) 

Grid-Modulated Amp. 3000 -560 60 2.0 7.0 - 90 
Class-13 Amp. (Audio) 7 3000 -185 40/215 640. 6.0 e 30000 450 

VT127A 100 5.0 10.4 3000 ...- -.- 15.5 2.7 2.3 0.35 150 N. T-48 
Class-C Amp. (Telegraphy) 2000 -340 210 67 25 - 315 
Class-8 Amp. (Audio) , 1500 -125 242 44 7.3 3000 200 

227A 100 10.5 10.7 -- - -- 31 3.0 2.2 0.30 - N. T-4B Oscillator at 200 Mc. -- -- -- -- - 
327A 100 10.5 10.7 --- - -..- 31 3.4 2.3 0.35 - N. T-4/10 Oscillator at 200 Mc. ------ --• .....«.• -.- - 

HK254 100 5.0 7.3 4000 200 40 25 3.3 3.4 1.1 50 J. 2N 

Class-C Amp. (Telegraphy) 4000 -380 120 35 20 -... 475 
Class-C Amp. (Telephony) 3000 -290 135 40 23 -. 320 
Grid-Modulated Amp. 3000 -,-» 51 3.0 4.0 - 58 
Class.8 Amp. (Audio) , 3000 -100 40/240 456. 7.0. 30000 520-

RK58 100 10 3.25 1250 175 70 •-•- 8.5 6.5 10.5 -. J. 3N 
Class-C Amp. (Telegraphy) 1250 - 90 150 30 6.0 - 130 
Class-C Amp. (Telephony) 1000 -135 150 50 16 --• 100 

HF120 100 10 3.25 1250 175 50 12 5.5 12.5 3.5 15 J. 4F Class-C Amp.-Oscillator 1250 300 166 8 3.5 - 148 
HF 125 100 10 3.25 1500 175 ---- 25 ---- 11.5 - 30 J. - Class-C Amp.-Oscillator 1500 -•-.- 175 - - 200 
HF140 100 10 3.25 1250 175 --- 12 5.5 13.0 4.5 15 J. 4F Class-C Amp.-Oscillator 1250 -300 166 8 3.5 - 148 

203A 
303A 100 10 3.25 1250 175 60 25 6.5 14.5 5.5 15 J. 4E 

Class-C Amp. (Telegraphy) 1250 -125 150 25 7.0 - 130 
Class-C Amp. (Telephony) 1000 -135 130 50 14 - 100 

Class-8 Amp. (Audio) , 1250 - 45 26/320 330 , 11 e 9000 260 

203H 100 10 3.25 1500 175 60 25 6.5 11.5 1.5 IS J. 3N 

Class-C Amp. (Telegraphy) 1500 -200 170 12 3.8 - 200 
Class-C Amp. (Telephony) 1250 -160 167 19 5.0 - 160 
Class-8 Amp. (Audio) 7 1500 - 52 30/320 304. 5.5 , 11000 340 

211 
311 
835 1 

100 10 3.25 1250 175 50 12 6.0 
6.0 

14.5 
9.25 

5.5 
5.0 

15 J. 4E 
Class-C Amp. (Telegraphy) 1250 -225 150 18 7.0 ..-. 130 
Class-C Amp. (Telephony) 1000 -260 130 35 14 100 
Class-8 Amp. (Audio) , 1250 -100 20/320 410 , 8.0 , 9000 260 

24211 
3428 100 10 3.25 1230 150 50 12.5 7.0 13.6 6.0 6 J. 4E 

Class-C Amp. (Telegraphy) 1250 -175 150 - .... •••••• 130 
Class-C Arnp. (Telephony) 1000 -160 150 50 - 100 
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to 
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to 
Plate 
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242C 100 10 3.25 1250 150 50 12.5 6.1 13.0 4.7 6 J. 4E 

Class-C Amp. (Telegraphy) 1250 -175 150 - - -- 130 

Class-C Amp. (Telephony) 1000 -160 150 50 - 100 

Class-B Amp. ( Audio) 7 1250 - 80 25/150 - 25 8 7600 200 

26IA 
361A 

100 10 3.25 1250 150 50 12 6.5 9.0 4.0 30 J. 4E 

Class-C Amp. (Telegraphy) 1250 -175 125 - - - 100 

Class-C Amp. (Telephony) 1000 -160 150 50 - - 100 

Class-B Amp. ( Audio) , 1250 - 90 20/150 -- 25 8 7200 200 

276A 
376A 

100 10 3.0 1250 125 50 12 6.0 9.0 4.0 30 J. 4E 

Class-C Amp. (Telegraphy) 1250 -175 125 - - - 100 

Class-C Amp. (Telephony) 1000 -160 125 50 - - 85 

Class-B Amp. ( Audio) 8 1250 - 90 20/125 -- 25 8 9000 175 

2848 100 10 3.25 1250 150 100 5.0 4.2 7.4 5.3 - J. 3N 

Class-C Amp. (Telegraphy) 1250 -500 150 - - - 125 

Class-C Amp. (Telephony) 1000 -430 150 50 - -- 100 

Class-B Amp. ( Audio) , 1250 -245 15/150 - 10 8 7200 200 

295A 100 10 3.25 1250 175 50 25 6.5 14.5 5.5 -- J. 4E 

Class-C Amp. (Telegraphy) 1250 -125 150 - - - 125 

Class-C Amp. ( Telephony) 1000 -125 150 50 - - 100 

Class-8 Amp. ( Audio) , 1250 - 40 12/160 - 20 8 9000 250 

838 
938 

100 10 3.25 1250 175 70 - 6.5 8.0 5.0 30 J. 4E 

Class-C Amp. (Telegraphy) 1250 - 90 150 30 6.0 - 130 

Class-C Amp. (Telephony) 1000 -135 150 60 16 - 100 

Class- 13 Amp. (Audio) 1250 0 148/320 200 8 7.5 8 9000 260 

852 100 10 3.25 3000 150 40 12 1.9 2.6 1.0 30 M. 2D 

Class-C Amp. (Telegraphy) 3000 -600 85 15 12 - 165 

Class-C Amp. (Telephony) 2000 -500 67 30 23 - 75 

Class-B Amp. ( Audio) 7 3000 -250 14/160 780 8 3.5 8 10250 320 

5644" 100 6.3 1.1 1000 100 50 100 8.75 1.95 0.035 2500 N. 
Class-C Amp. (Telegraphy) 1000 - 50 SO 18 a - 30 

Class-C Amp. (Telephony) 600 

1350 

- 25 

-180 

55 

245 

22 

35 

6 

11 

- 20 

250 

8003 100 10 3.25 1500 250 50 12 5.8 11.7 3.4 30 J. 3N 

Class-C Amp.-Oscillator - 

Class-C Amp. (Telephony) 1100 -260 200 40 15 - 167 

Class-B Amp. (Audio)' 1350 -100 40/490 480 8 10.5 , 6000 460 

3X100All 
2C39 

100 6.3 1.1 1000 60 40 100 6.5 1.95 0.03 500 N. - "Grid Isolation" Circuit on rcu 600 - 35 60 40 5.0 -- 20 

2Ct9A 100 6.3 1.0 1000 80 50 100 6.5 1.95 .035 500 N. 
Class-C Amplifier 800 - 20 80 32 6 - 27 

Class-C Amp. (Telephony) 600 - 16 75 40 6 - 18 

311-CH 125 10 3.25 1750 200 50 12 5.5 8.0 4.5 30 J. Fig. 57 

Class-C Amp. (Telegraphy) 1750 -200 200 20 4.5 260 

Class-C Amp. (Telephony) 1250 -200 166 a 3.5 - 148 

Class-B ( Audio)' 1500 -110 400 8 - -- 8200 400 

=22 125 6.3 2.0 1000 150 70 40 4.9 2.4 0.05 500 0. Fig. 30 Class-C Amp.-Oscillator 1000 -200 150 70 - - 65 

41:36 125 5 7.5 4000 --- - 29 3.2 3.0 0.4 60 J. Fig. 56 Class-C Amp.-Oscillator -. - -. -. 18 - 480 

F-123-A 
DR-123C 

125 10 4.0 2000 300 75 14.3 6.5 8.3 3.3 - J. Fig. 26 

Class-C Amp. (Telegraphy) 1500 -250 250 30 11 -- 300 

Class-C Amp. (Telephony) 1500 -290 160 25 10 - 200 

Class-B Amp. ( Audio) , 2000 -130 30/175 217 9 3.4 8 13800 522 

RK57/805 125 10 3.25 1500 210 70 - 6.5 8.0 5.0 30 J. 3N 

Class-C Amp. (Telegraphy) 1500 -105 200 40 8.5 - 215 

Closs-C Amp. (Telephony) 1250 -160 160 60 16 - 140 

Class-B Amp. ( Audio)' 1500 - 16 84/400 280 9 7.0 8 8200 370 

T12.5 125 10 4.5 2500 250 60 25 6.3 6.0 1.3 60 J. 2N 
Class-C Amp. (Telegraphy) 2500 -200 240 31 11 - 475 

Class-C Amp. (Telephony) 2000 -215 200 28 10 - 320 

HF130 125 10 3.25 1250 210 - 12.5 5.5 9.0 3.5 20 .1. -- Class-C Amp.-Oscillator 1250 -250 200 10 3.5 - 170 

I1F150 125 10 3.25 1500 210 - 12.5 5.5 7.2 1.9 30 J. --- Closs-C Amp.-Oscillator 1500 -300 200 10 4 - 220 

HF175 125 10 4.0 2000 250 - 18 4.8 6.3 2.7 25 J. T-3AC Class-C Amp.-Oscillator 2000 -250 200 23 9 ---. 320 



TABLE XVI - TRIODE TRANSMITTING TUBES- Continued 

Type 

Max. 
Plate 
Dissi 
potion 
Walls 

Cathode 
Max. 
Plate 

Voltage 

Max.' 
Plate 

Current 
ma 
' 

ax. 
D.C. 
Grid 

Current 
Ma. 

Amp. 
Factor 

In srelectrodo 
Capacitances (maid.) Max. 

Fan. 

Mc. 
Full 

Ratings 

base 
Socket 
COMICK 
lions 

Typical Operation Plate 
Voltage 

Grid 
Voltage 

Plate 
Current 
ma • 

D.C. 
Grid 

Current 
Ma. 

A PINex* 
Grid 

Driving 
Power 
Watts 

Class 8 
18-to-P 

Load Res. 
Ohms 

Appel,. 
output 
Power 
Wells Volts Amp. 

Grid 
to 
Fil. 

Grid 
to 

Plate 

Plate 
to 
Fil. 

GL146 125 10 3.25 1500 200 60 75 7.2 9.2 3.9 15 J. T-411G 

Class-C Amp.-Oscillator 1250 -150 180 30 - - 150 
Class-C Amp. (Telephony) 1000 -200 160 40 - - 100 
Class-8 Amp. (Audie) 7 1250 0 34/320 -•-.- ---• 8400 250 

GL152 125 10 3.25 1500 200 60 25 7.0 8.8 4.0 15 J. T-411G 

Class-C Amp.-Oscillate, 1250 -150 180 30 - - 150 
Class-C Amp. (Telephony) 1000 -200 160 30 -. -..- 100 
Class-8 Amp. (Audio) 7 1250 - 40 16/320 -•-• - 8400 250 

1105 125 10 3.25 1500 210 70 40/60 8.5 6.5 10.5 30 J. 3N 

Class-C Amp. (Telegraphy) 1500 -105 200 40 8.5 - 215 
Class-C Amp. (Telephony) 1250 -160 160 60 16 - 140 
Class-11 Amp. (Audio) , 1500 - 16 84/400 280 , 7.0 8 8200 370 

AX9900/ 
5866 71 

135 6.3 5.4 2500 200 40 25 5.8 5.5 0.1 150 N. Fig. 5 
Class-C Amp. (Telegraphy) 2500 -200 200 40 16 - 390 
Class-C Amp. (Telephony) 2000 -225 127 40 16 -.-. 204 
Class-8 (Audio) , 2500 - 90 80/330 350' 14 8 15680 560 

3X150A3 
3C37 150 6.3 2.5 1000 -. - 23 4.2 3.5 0.6 SOO N. -•• -, - -.. ---- ••••• -. 

150T 1 150 5.0 10 3000 200 50 13 3.0 3.5 0.5 - J. 2N Class-C Amp. (Telegraphy) 3000 -600 200 35 ••••-• - 450 

3-150A3 152TH 
150 5/10 

12.51 
3000 450 

85 20 5.7 4.5 0.8 
40 J. 

411C 
Class-C Amp. (Telegraphy) 3000 -300 250 70 27 --. 600 
Class-8 Amp. (Audio) 7 3000 -150 67/335 430 , 3.0 8 20300 700 

3-150A2 
152TL 

6.25 
75 12 4.5 4.4 0.7 411C 

Class-C Amp. (Telegraphy) 3000 -400 250 40 20 - 600 

Class-8 Amp. (Audio) , 3000 -260 65/335 675 , 3.0 8 20400 700 

TWISO 150 10 4.1 3000 200 60 35 3.9 2.0 0.8 - J. 2N 
Class-C Amp-Oscillator 3000 -170 200 45 17 - 470 
Class-C Amp. (Telephony) 3000 -260 165 40 17 ,-• 400 

HK252-1. 150 5/10 13/6.5 3000 500 75 10 7.0 5.0 0.4 125 N. 411C 
Class-C Amp.-Oscillator 3000 -400 250 30 15 -. 610 
Class-C Amp. (Telephony) 2500 -350 250 35 16 -. 500 

011200 
HF200 
HV18 

150 10-11 3.4 2500 200 50 18 5.2 5.8 1.2 20 J. 2N 

Class-C Amp. (Telegraphy) 2500 -300 200 18 8.0 - 380 

Class-C Amp. (Telephony) 2000 -350 160 20 9.0 -... 250 
Class-8 Amp. (Audio) , 2500 -130 60/360 460 , 8.0 8 16000 600 

HD203A 150 10 4.0 2000 250 60 25 -•••• 12 - 15 J. 3N Class-C Amplifier - -.--. - ••••• - -• 37S 
HF250 150 10.5 4.0 2500 200 -• 18 - 5.8 - 20 J. 2N Class-C Amp.-Oscillator 2500 -...-. 200 -• -. - 375 

HK354 
HK354C 

150 5.0 10 4000 300 50 14 4.5 3.8 1.1 30 J. 2N 

Class-C Amp. (Telegraphy) 4000 -690 245 50 48 - 830 
Class-C Amp. (Telephony) 3000 -550 210 50 35 525 
Grid-Modulated Amp. 3000 -400 78 3.0 12 -. 85 
Class-8 Amp. (Audio) , 3000 -205 65/313 630 , 20 8 22000 663 

HK354D 150 5.0 10 4000 300 55 22 4.5 3.8 1.1 30 J. 2N 
Class-C Amp. (Telegraphy) 3500 -490 240 50 38 - 690 
Class-C Amp. (Telephony) 3500 -425 210 55 36 ---. 525 

HK354E 150 5.0 10 4000 300 60 35 4.5 3.8 1.1 30 J. 2N 
Class C Amp. (Telegraphy) 3500 -448 240 60 45 - 690 
Class-C Amp. (Telephony) 3000 -437 210 60 45 --.• 525 

HK354F 150 5.0 10 4000 300 75 50 4.5 3.8 1.1 30 J. 2N 
Class-C Amp. (Telegraphy) 3500 -368 250 75 50 - 720 
Class-C Amp. (Telephony) 3000 -312 210 75 45 -. 525 

UE-468 150 10 4.05 2500 200 60 18 8.8 7» 1.25 30 J. 
Class-C Amp. (Telegraphy) 2500 -300 200 18 8.0 ..- 380 

Fig. 57 Class-C Amp. (Telephony) 2000 -350 160 20 9.0 - 250 
Class-8 (Audio) , 2500 -130 320 8 410 , 2.5 16000 500 

810 
1627 1  

175 
10 4.5 

2500 300 75 36 8.7 4.8 12 30 J. 
2N 

Class-C Amp. (Telegraphy) 2500 -180 300 60 19 •-•., 575 
Class-C Amp. (Telephony) 2000 -350 250 70 35 ,..-». 3a0 
Grid-Modulated Amp. 2250 -140 100 2.0 4.0 75 
Class-8 Amp. (Audio) 7 2250 - 60 70/450 380 , 13 8 11600 725 



TABLE XVI - TRIODE TRANSMITTING TUBES- Continued 

Type 

Max. 
Plate 
Dissi 
potion 
Watts 

Cathode 
Max. 
Plate 

Voltage 

m.• 

Plate 
Current 

Ma 
hi 

Max. 

.. Grid 
uutrusat 
Ma. 

Amp. 
Factor 

Interelectrode 
Capacitances ( µufd.) Max. 

Freq. 
Mc. 
Full 

Ratings 

Base 
Socket 
Conner. 
lions 

Typical Operation 
Plate 

Voltage 
Grid 

Voltage 

Plate 
Current 
m . • 

D.C. 
Grid 

Current 
Ma. 

Aeerox •--- -• 
Grid 

Driving .____ 
•-"••''` 
Watts 

Class II 
P-to-P 

Load Res. 
Ohms 

Approx. 
Output 
Power 
Watts Volts Amp. 

Grid 
to 
Fil. 

Grid 
to 

Plate 

Plate 
to 
Fil. 

8000 175 10 4.5 2500 300 45 16.5 5.0 6.4 i 3.3 30 J. 2N 

Class-C Amp.-Oscillator 2500 -240 300 40 18 - 575 
Class-C Amp. (Telephony) 2000 -370 250 37 20 - 380 

Grid-Modulated Amp. 2250 -265 100 0 2.5 -.. 75 

Class-B Amp. (Audio) , 2250 -130 65/450 560 , 7.9 e 12000 725 

GL-5C24 160 10 5.2 1750 107 8 5.6 8.8 3.3 - N. Fig. 26 Class-A Amp. (Audio) 1500 -155 107 -. - 8200 , 55 
Class-ABI Amp. (Audio) 7 1750 -200 320 , 390 , - 8000 240 

81(635.0 
RK63A 200 

6.3 

10 

14 
3000 250 60 37 2.7 3.3 1.1 J. 2N 

Class-C Amp. (Telegraphy) 3000 -200 233 45 17 - 525 

Class-C Amp. (Telephony) 2500 -200 205 SO 19 ..- 405 
Grid-Modulated Amp. WOO -250 100 7.0 12.5 - 100 

1200 200 10 5.75 

, 

2500 350 80 16 9.5 7.9 1.6 30 J. 2N 
Class-C Amp. (Telegraphy) 2500 -280 350 54 25 - 685 

Class-C Amp. (Telephony) 2000 -260 300 54 23 460 

F.127-A 200 10 4.0 3000 325 70 38 13 4 13 -- J. Fig. 26 

Class-C Amp. (Telegraphy) 3000 -250 250 47 18 - 600 

Class-C Amp. (Telephony) 2500 -300 200 58 25.2 - 420 

Class-B Amp. (Audio) , 2800 - 75 20/400 175 , 6.65 e 16600 820 

822 
8225 

200 10 4.0 2500 300 60 30 8.5 13.5 2.1 20 
30 J. 

3N 
2N  

Class.0 Amp. (Telegraphy) 2500 -190 300 51 17 - 600 
Class-C Amp. (Telephony) 2000 - 75 250 43 13.7 - 405 

Class-11 Amp. (Audio) , 3000 - 80 450 e 362 9 8.0 e 16000 1000 

4C32 200 10 4.5 3000 300 60 30 5.5 5.8 1.1 60 J . 2N  
Class-C Amp.-Oscillator 2000 -165 275 20 10 ..-- 400 
Class-C Amp. (Telephony) 2000 -200 250 20 15 - 375 

GL-592 
3-200A3 

200 10 5.0 , 3500 250 SO 25 3.6 3.3 0.29 130 N. 
.. 

Fig. 52 

Class-C Amp. (Telegraphy) 3000 -220 222 25 11 - 466 
Class-C Amp. (Telephony) 2500 -300 200 35 19 -.-- 375 
Class-111(Audio) 7 2000 - 30 120/500 520 , 25 , 8500 600 

4C34 
HF300 

200 1142 4.0 3000 275 60 23 6.0 6.5 1.4 
60 

20 
J. 2N 

Class-C Amp. (Telegraphy) 3000 -400 250 28 16 - 600 

Class-C Amp. (Telephony) 2000 -300 250 36 17 ..- 385 
Class-8 Amp. (Audio) , 3000 -115 60/360 450 e 13 e 20000 780 

1814 
HV12 

200 10 4.0 2500 200 60 12 8.5 12.8 1.7 30 J 3N 
Class-C Amp. (Telegraphy) 2500 -240 300 30 10 - 575 
Class-C Amp. (Telephony) 2000 -370 300 40 20 - 485 

Class-B Amp. (Audio) , 2000 -160 50/275 350 , 7.0 , 14400 400 
1822 
HV27 200 10 4.0 2500 300 60 27 8.5 13.5 2.1 30 J. 3N 

Class-C Amp. (Telegraphy) 2500 -173 300 50 13 - 585 

Class-C Amp. (Telephony) 2000 -195 250 45 15 - 400 

T-300 200 11 6.0 3000 300 •-• 23 6.0 7.0 1.4 ..- ...- -.. 

Class-C Amp. (Telegraphy) 3000 -400 250 28 20 - 660 

Class-C Amp. (Telephony) 2000 -300 250 36 17 -• 385 

Class-B (Audio) , 2500 -100 60/450 ..... 7.5, ••••• 750 

805 225 5.0 10 3300 300 50 12.6 6.1 4.2 1.1 30 J. 2N 
Class-C Amp. (Telegraphy) 3300 -600 300 40 34 780 
Class-C Amp. (Telephony) 3000 -670 195 27 24 - 460 
Class-B Amp. (Audio) , 3300 -240 80/475 930 9 35 e 16000 1120 

3.250A4 
250TH 250 5.0 10.5 4000 350 100 37 5.0 2.9 0.7 40 J. 

2N 

Class-C Amp. (Telegraphy) 2000 -120 350 100 34 -•• SOO 

Class-C Amp. (Telephony) 3000 -210 330 7.5 42 ...-• 750 
Grid-Modulated Amp. 3000 -160 125 4.5 20 - 125 
Class-B Amp. (Audio) 7 3000 - 65 100/560 460 , 24 , 12250 1130 

3-250A2 
250TL 

250 5.0 10.5 4000 350 50 14 3.7 3.1 0.7 40 J. 2N 

Class-C Amp. (Telegraphy) 3000 -350 335 43 29 .-.-. 750 

Class-C Amp. (Telephony) 3000 -350 335 45 29 .-.- 750 

Grid-Modulated Amp. 3000 -450 125 2.0 15 -- 125 
Class-B Amp. (Audio) 7 3000 -175 100/500 840 e 17 e 13000 1000 



TABLE XVI - TRIODE TRANSMITTING TUBES-Continued 

Type 

Max- 
Plate 
Dlssi 
potion 
watts 

Cathode 
Max. 
Plate 

Voltage 

Max ' Plate 
Current 
m  '' 

Max. 
D.C. 
Grid 

Current 
Ma. 

Amp. 
Factor 

In «electrode - 
Capacitances (pplist.) Max. 

Freq. 
Mc. 
Full 

Ratings 

Base 
Socket 
Connec- 
liens 

Typical Operation 
Plate 

Voltage 
Grid 

Voltage 

Plate 
Current 
ma . 

D.C. 
Grid 

Current 
Ma. 

A Ple" Grid• 
Driving 
p ow« 

Watts 

Class 8 
P-to- P 

Load Res. 
Ohms 

Approx. 
Output 
Power 
Waits Volts Amp. 

Grid 
lo 
Fil. 

Grid 
lo 

Plate 

Plate 
to 
Fil. 

GLIS9 250 10 9.6 2000 400 100 20 11 17.6 5.0 13 J. T-41G 

Class-C Amp-Oscillator 2000 -200 400 17 6.0 - 620 

Class-C Amp. (Telephony) 1500 -240 400 23 9.0 -• 450 

Class-11 Amp. (Audio) , 2000 -100 30/660 400* 4.0 5 6880 900 

GI.169 250 10 9.6 2000 400 100 85 11.5 19 4.7 15 J. T-48G 

Class-C Amp.-Oscillator 2000 -100 400 42 10 - 620 

Class-C Amp. (Telephony) 1500 -100 400 45 10 - 450 

Class-8 Amp. (Audio) 7 2000 - 18 30/660 220 9 6.0 9 7000 900 

204A 
304A 

250 11 3.85 2500 275 80 23 12.5 15 2.3 3 N. T-1A 

Class-C Amp. (Telegraphy) 2500 -200 250 30 15 ..-• 450 

Class-C Amp. (Telephony) 2000 -250 250 35 20 - 350 

Class-8 Amp. (Audio) , 3000 -100 80/372 SOO* 18 5 20000 700 

ME 250 14 4.0 2250 325 75 8.0 13.6 17.4 9.3 1.5 N. T-2A 
Class-C Amp. (Telegraphy) 

1750 -345 300 --- -• - 350 

1500 -300 300 - -. •••- 300 

Class-8 Amp. (Audio) , 1750 -215 30/300 - 35 5 5200 575 

HK454H 250 5.0 11 5000 375 85 30 4.6 3.4 1.4 100 J. ' 2N Class-C AMP. (Telegraphy) 3500 -275 1 270 60 21 - 760 

HK454-1. 250 5.0 11 5000 375 60 12 4.6 3.4 1.4 100 J. 2N Class-C Amp. (Telephony) 3500 -450 270 45 30 - 760 

5867 
AX-9901 

250 5.25 14.1 - - - 25 7.0 5.3 0.15 100 ••-•-• - Class-C Amplifier 3000 -400 363 80 - - 950 

212E 
2411 
312E 

275 14 4.0 3000 350 75 16 14.9 18.8 8.6 1.5 N. 
T-2A 
T-2AA 

Class-C Amp. (Telegraphy) 3500 -275 270 60 23 - 760 
Class-C Amp. (Telephony) 3500 -450 270 45 30 - 760 

Class-8 Amp. (Audio) , 2000 -105 40/300 - SO 9 8000 650 

300T 1 1 300 8.0 11.5 3500 350 75 16 4.0 4.0 0.6 - J. 2N Class-C Amp. (Telegraphy) 2000 -225 300 - --- - 400 

HK304-1. 300 5/10 26/13 3000 1000 150 10 12 9.0 0.8 - N. 48C Class-C Amp. (Telephony) 1500 -200 300 75 --.- - 300 

527 300 5.5 135.0 - - .---• 38 19.0 12.0 1.4 200 N. T-48 Oscillator at 200 Mc. Approximately 250 walts output 

HK654 300 7.5 15 4000 600 100 22 6.2 5.5 1.5 20 J. 2N 

Class-C Amp. (Telegraphy) 2000 -380 500 75 57 720 

Close-C Amp. (Telephony) 2000 -365 450 110 70 -. 655 

Grid-Modulated Amp. 3500 -210 150 15 15 - 210 

3-300A3 
304TH 

300 5/10 25/12.5 3000 900 

170 20 13.5 10.2 0.7 40 N. 41IC 
Class-C Amplifier 1500 -125 667 115 25 - 700 

Class-8 Amp. (Audio) 7 3000 -150 134/667 420* 6.0 5 10200 1400 

3-300A2 
304TL 

150 12 8.5 9.1 0.6 40 N. 411C 
Cl ass-C Amplifier 1500 -250 665 90 33 -...... 700 

Class-8 Amp. (Audio) , 3000 -260 130/667 650 9 6.0 5 10200 1400 

833A 350 10 10 3300 500 100 35 12.3 6.3 8.5 30 N. T-1 AS 
Class-C Amp. (Telegraphy) 2000 -200 475 65 25 - 740 

Class-C Amp. (Telephony) 2500 -300 335 75 30 - 635 

270A 350 10 4.0 3000 375 75 16 18 21 2.0 7.5 N. T-1A 
Class-C Amp. (Telegraphy) 3000 -375 350 -• -. --• 700 

Class-C Amp. (Telephony) 2250 -300 300 80 -.. 450 

8491 400 11 5.0 2500 350 125 19 17 33.5 3.0 3 N. 7-1A 
Class-C Amp. (Telegraphy) 2500 -250 300 20 8.0 560 

Class-C Amp. (Telephony) 2000 -300 300 30 14 - 425 

831 1 400 11 10 3500 350 75 14.3 3.8 4.0 1.4 -• N. T-1AA 
Class-C Amp. (Telegraphy) 3500 -400 275 40 30 - 590 

Class-C Amp. (Telephony) 3000 -500 200 60 50 - 360 

• Cathode resistor in ohms. 
•• Grid 'ulster ohms. 

Discontinued. 
'Twin I lode. Values, t interelement capacities, 

are for both sections in push-pull. 
Gulps, at 112 Mc. 

Grid-leak resistor in ohms. 
Peak valves. 
' Per section. 
Values are for two tubes in push-pull. 

Max. signal value. 
Peak of, grid-to-grid volts. 

I" For single tube. 
" Class-B doto in Table I. 
2 Forced-air cooling 



TABLE XVII -TETRODE AND PENTODE TRANSMITTING TUBES 

Type 

Mo.. 1 
Plate 
Dissi- 
potion 
Watts 

ca ...x 
M. 
Plate 

Volt- 
age 

Max 
Screen 
Volt- 
age 

me, 

Screen 
Dissi- 

.; 
PwaZ 

Interelectrode 

CaPacitances (Mee) 

max 

Freq.. 
Mc 
E ii• 

Ratings 
m  

Base 

Socket 
Con- 
nee- 
tiens 

Typical Operation 
Plate 
Volt- 
age 

Screen 
Volt- 
age 

Sup- 

Presser Volt- 
agewatts 

Grid 
Volt " 
ag e 

Plate 
Current 
Ma. 

Screen 
Current 
Ma. 

Grid 
Gwent 
Ma. 

Screen 
Resistor 
Ohms 

Approx. 
Grid 

Driving 
Power 
Watts 

Class 8 
P-to-P 
Load 
Res. 
Ohms 

s.., 
'..Pie°^• Output 
Power 
- 

Volts Amp. 
Grid 
to 

Fil. 

Grid 
to 

Plate 

Plate 
to 
Fil. 

3A4 2.0 1. 
2.8 
4 20. 

0.1 150 135 0.9 4.8 0.2 4.2 10 B. 708 Class-C Amp. (Telegraphy) 150 135 0 - 26 18.3 6.5 0.13 2300 --• 1.2 

3D6 4.5 
2.8 
1.4 

0.11 
0.22 180 135 0.9 7.5 0.3 5.5 50 L 61111 Class-C Amp. (Telegraphy) 150 135 -..» - 20 23 6.0 1.0 - 0.25 - 1.4 

384 3.0 2.5 
1.25 

0.165 
0.33 

150 133 - 4.6 0.16 7.6 100 B. 7CY Class-C Amp. 150 135 •-.» - 75 25   - 1.25 

Hy63 i 3.0 2.5 
1.25 

0.1125 
0.225 200 100 0.6 ILO 0.1 ILO 60 0. T IDS 

Class-C Amp. (Telegraphy) 200 100 .... -22.5 20 4.0 2.0 - 0.1 - 3.0 

Class-C Amp. (Telephony) 180 100 -•-.. - 35 15 3.0 2.0 - 0.2 - 2.0 

6AK6 3.5 6.3 0.15 375 250 1.0 3.6 0.12 4.2 54 B. 7BK Class-C Amp. (Telegraphy) 375 250 - -100 15 4.0 3.0 -- .--. - 4.0 

5A6 5.0 2.5 
5.0 

0.46 
0.23 

150 150 2 8.5 0.15 9.5 100 B. 9L Class-C Amp. 150 150 0 - 24 40 11 1.2 - - •-•- 3.1 

5618 5.0 6.0 
3.0 

0.23 
0.46 

300 125 2.0 7.0 0.24 5.0 80 B. 7CU Class-C Amp. (Telegraphy) 300 75 0 - 45 25 7.0 1.5 32000 0.3 -.. 5.4 

RK64 1 6.0 6.3 0.5 400 100 3.0 10 0.4 9.0 60 M. SAW 
Class-C Amp. (Telegraphy) 400 100 30 - 30 35 10 3.0 -... 0.18 10 

Class-C Amp. (Telephony) 300 ...• 30 - 30 26 8.0 4.0 30000 0.2 ••••• 6.0 

1610 6.0 2.5 1.75 400 200 2.0 8.6 1.2 13 20 M. T-SCA Class-C Amp. (Telegraphy) 400 150 - - 50-  22.5 7.0 1.5 0.1 - 5.0 

5686 7.5 6.3 0.35 250 250 3.0 6.4 0.11 4.0 160 B. Fig. 29 Class-C Amp. (Telegraphy) 
250 250 - 50 40 10.5 2.0 - 0.15 - 6.5 

250 180 - - 30 30 6.5 2.0 - 0.10 ,.... 5.0 

6A05 8.0 6.3 0.45 350 250 2.0 7.6 0.35 6.0 54 B. 78Z Class-C Amp. (Telegraphy) 350 250 - -100 47 7.0 5.0 - - -• 11 

6V6GT 8.0 6.3 0.45 350 250 2.0 9.5 0.7 7.5 10 0. -7AC Class-C Amp. (Telegraphy) 350 250 - -100 47 7.0 5.0 - .--. -• 11 

6AG7 9.0 6.3 0.65 375 250 1.5 13 0.06 7.5 10 0. 89 Class-C Amp. (Telegraphy) 375 250 - - 75- 30 9.0 5.0 - .,- -.. 7.5 

RK56 8.0 6.3 0.55 300 300 4.5 10 0.2 9.0 60 M. SAW 
Class-C Amp. (Telegraphy) 400 300 - - 40 62 12 1.6 -• 0.1 -, 12.5 

Class-C Amp. (Telephony) 250 200 - - 40 50 10 1.6 2800 0.28 - 8.5 

RK231 
RK 25 
RK258 1 

10 
2.5 

6.3 

2.0 

0.9 
500 250 8 10 0.2 10 M. 6BM 

Class-C Amp. (Telegraphy) SOO 200 45 - 90 55 38 4.0 - 0.5 - 22 

Class-C Amp. (Telephony) 400 150 0 - 90 43 30 6.0 8300 0.8 - 13.5 

Suppressor-Modulated Amp. SOO 200 -45 - 90 31 39 4.0 0.5 6.0 

1613 10 6.3 0.7 350 275 2.5 8.5 0.5 11.5 45 0. 75 
Class-C Amp. (Telegraphy) 330 200 - 35 50. 10 3.5 20000 0.72 - 9 

Class-C Amp. (Telephony) 275 200 - 35 42 10 2.8 10000 0.16 - 6.0 - 

2E30 10 6.0 0.7 250 250 2.5 10 0.5 4.5 160 B. 7CCI 
Class-C Amp. (Telegraphy) 250 200 -, - 50 50 10 2.5 - 0.2 - 7.5 

Class-AB: Amp. (Audio) l 250 250 - 30 40/120 4/20 2.3 7 87 5 0.2 3800 17 

5812 10 6.0 0.65 300 250 2.5 9.0 0.2 7.4 165 B. 7C0 Class-C Amp. (Telegraphy) 300 200 -,-.• - 45 55 3.0 0.75 ......• 1.5 - 7.0 

6216 10 6.3 1.2 300 200 1.0 12.3 0.37 6.7 50 B. Fig. 73 
Class-C Amp. (Telegraphy) 300 130 - - 50 63 8.0 2.0 ••••• 0.3 - 8.8 

Class-C Amp.-Doubler 300 - - 75 50 6.0 1.0 25000 0.6 - 4.0 

837 
RK44 1 12 12.6 0.7 500 300 8 16 0.2 10 20 M. 6BM 

Class-C Amp. (Telegraphy) 500 200 40 - 70 80 13 4.0 20000 0.4 28 

Class-C Amp. (Telephony) 400 140 40 - 40 45 20 5.0 13000 /13 -.- 11 

Suppressor-Modulated Amp. $00 -.- -65 - 20 30 23 3.5 14000 0.1 -, 5.0 

5763 
6062 

12 6.0 0.75 300 250 2 9.5 0.3 4.5 175 B. 9K 
Class-C Amp. (Telegraphy) 300 250 0 - 60 50 5.0 3.0 -.-• 0.35 .••••••• 8.0 

Doubler to 175 Mc. 300 250 0 - 75 40 4.0 1.0 12500 0.6 ...- 3.6 

6F6 
6F6G 

12.5 6.3 0.7 400 275 3.0 
6.5 0.2 13 

10 0. 7AC 
Class-C Amp. (Telegraphy) 400 275 •• -100 SO 11 5.0 - ....-• -,-.• 14 

8.0 0.5 6.5 Class-C Amp. (Telephony) 275 200 - 35 42 10 2.8 - 0.16 .-. 6.0 

602 13 6.3 0.9 600 250 6.0 12 0.15 8.5 30 M. 6BM 

Class-C Amp. (Telegraphy) 600 250 40 -120 55 16 2.4 22000 0.30 23 

Class-C Amp. (Telephony) SOO 245 40 - 40 40 15 1.5 16300 0.10 - 12 

Suppressor-Modulated Amp. 600 250 -45 -100 30 24 5.0 14500 0.6 .-- 6.3 

2E24 13.5 6.35 0.65 

SOO 200 2.3 

8.5 0.11 6.5 125 0. 7CL 

Class-C Amp. (Telephony) 
400 180 •••••• - 45 50 8.0 2.5 27500 0.15 •••••••• 13.5 
moo no ....._ _ 45 U 8.0 2.5 40000 0.16 - 18.0 

600 200 2.5 
400 200 -, - 45 75 10.0 3.0 20000 0.19 - 20 

Class-C Amp. (Telegraphy) 
600 193 - -- 50 66 10 3.0 40500 0.21 27 



TABLE XVII-TETRODE AND PENTODE TRANSMITTING TUBES-Continued 

Type 

Max. 
PlateFreq. 
Dissi 
potion 
Watts 

cathode Max. 
Plate 
Volt- 
°g° 

 Mx x..  
Screen 
Volt- 
age 

ScreenMax. 

Dissi- 
potion 
Watts 

Interelectrode 
capixitanc.s (mum.) max• 

Mc. 
Full 

Ratings 

Base 

Socket 
Con-
nor- 
tions 

Typical Operation 
Plate 
Volt- 
age 

Screen 
Volt- 
age 

Sup- 

Presser Volt-
age 

. 
Grid 
Volt- 
age 

Plate 
Current 
Ma. 

Screen 
Current 
Ma. 

Grid 
Current 
Mo. 

Screen 
Resistor 
Ohms 

Approx. 
Grid 

Driving 
Power 
Watts 

Class 8 
P-to-P 
Load 
Res. 
Ohms 

A 
ern: 
',','0°,.1..r 
..„ t, 
° s 

27--

Amp. 
Grid 

t° 
Fil. 

Grid 

t° 
Plate 

Plate 

t° 
Fil. 

2E26 13.5 6.3 0.8 
600 200 2.5 

13 , 0.2 7.0 125 0. 7CK 

Class-C Amp. (Telegraphy) 600 185 - - 43 66 10 3.0 41500 0.17 -- 

Class-C Amp. (Telephony) SOO 180 - - 50 54 9.0 2.5 35500 0.15 18 
500 200 2.3 Class-A112 Amp. (Audio) ' 

. 

500 125 - - 15 22/150 32 .7 60 ' 0.36 7 8000 54 

HY6V6- 
GTX 13 6.3 0.5 350 225 2.5 9.5 0.7 9.5 60 0. 7AC 

Class-C Amp. (Telegraphy) 300 200 - - 43 60 7.5 2.5 .-.- 0.3 ..- 12 

Class-C Amp. (Telephony) 250 200 - 45 60 6.0 2.0 15000 0.4 10 

HY60 15 6.3 0.5 425 225 2.3 10 0.2 8.5 60 M. SAW 
Class-C Amp. (Telegraphy) 425 200 - -62.5 60 8.5 3.0 0.3 •••••••• 18 

Cless-C Amp. (Telephony) 325 200 - 45 60 7.0 2.5 0.2 14 

HY65 1 15 6.3 0.83 450 250 4.0 9.1 0.18 7.2 60 0. T 11011 
Class-C Amp.-Oscillator 450 250 - 45 73 15 3.0 - 0.5 .- 24 

Class-C Amp. (Telephony) 350 200 -.- - 45 63 12 3.0 .-. 0.5 - 16 

2E25 15 6.0 0.8 450 250 4.0 8.5 0.15 6.7 125 0. 58J 

Class-C Amp.-Oscillator 450 250 ...». - 45 75 15 3.0 0.4 -, 24 

Class-C Amp. (Telephony) 400 200 - - 45 60 12 3.0 - 0.4 - 16 

Class-Aar Amp. (Audio) , 450 250 - 30 44/150 10/40 3.0 142 6 0.9 7 6000 40 

306A 15 2.75 2.0 300 300 6.0 13 0.35 13 - M. T-Se Class-C Amp. (Telephony) 300 180 .-- - 50 36 13 3.0 8000 - - 7.0 

307A 
RK-75 15 5.5 1.0 500 250 6.0 15 0.53 12 •••••• M. T-SC 

Class-C Amp. (Telegraphy) SOO 250 0 - 35 60 13 1.4 20000 ••••••• 20 

Suppresser-Modulated Amp. 500 200 -50 - 35 40 20 1.5 14000 -• ........ 6.0 

832' 15 6.3 
12.6 

1.6 
0.8 

500 250 5.0 7.5 0.05 3.8 200 N. 78P 
Class-C Amp. (Telegraphy) SOO 200 •-•-•• - 65 72 14 2.6 21000 0.18 - 26 

Class-C Amp. (Telephony) 425 200 - - 60 52 16 2.4 14000 0.13 ...- 16 

832A 8 15 
6.3 
12.6 

1.6 
0.8 750 250 5.0 7.5 0.05 3.8 200 N. 71SP 

Class-C Amp. (Telegraphy) 750 200 ...... - 65 48 15 2.8 36500 0.19 .j.- 26 

Class-C Amp. (Telephony) 600 200 - - 65 36 16 . 2.6 25000 0.16 •••• 17 

844 ' 15 2.5 2.5 500 180 3.0 9.5 0.15 7.5 .••••• M. SAW 
Class-C Amp. (Telegraphy) SOO 175 - -125 25 5.0 -.. -• 9.0 

Class-C Amp. (Telephony) SOO 150 - -100 20 - -...-. -•-• 4.0 

865 15 7.5 2.0 750 175 .0 8.5 0.1 8.0 15 M. T-4C 
Class-C Amp. (Telegraphy) 750 123 - - 80 40 5.5 - 1.0 - 16 

Class-C Amp. (Telephony) SOO 125 - -120 40 -...... 9.0 - 2.3 .-. 10 

1619 15 2.5 2.0 400 300 3.5 10.5 0.35 12.5 45 O. T9H 

Class-C Amp. (Telegraphy) 400 300 -•• - 55 75 10.5 5.0 9300 0.36 ... 19.5 

Class-C Amp. (Telephony) 325 285 ........ - 30 62 7.3 2.8 3000 0.18 ...- 13 

Class-A112 Amp. (Audio) , 400 300 0 -16.5 75/150 6.5/11.5 ..- 77 8 0.4 7 6000 36 

5516 15 6.0 0.7 600 250 5.0 8.5 0.12 6.5 80 0. 7CL 

Fig. 34 

Class-C Amp. (Telegraphy) 600 250 - - 60 75 15 5.0 - 0.5 -.-. 32 

Class-C Amp. (Telephony) 475 250 ••••- - 90 63 10 4.0 22500 0.5 ..--.. 22 

Class-Alit( Audio) ' 600 25 --.- - 25 36/140 1/24 47 80 8 0.16 10500 67 

AX- 
99058 16 6.3 0.68 400 250 S 8.5 0.05 3.3 186 O. Class-C Amplifier 

400 250 - - 80 80 6 3.5 .-.» 0.39 -- 20.8 
250 175 - - 70 80 6.5 4.2 ...-.• 0.26 16.9 

254A 20 5.0 3.25 730 175 3.0 4.6 0.1 9.4 .-.-• M. T-4C Class-C Amplifier 750 175 - - 90 60 -----25 
6L6 

21 6.3 0.9 400 300 3.5 
10 0.4 12 

10 0. 7AC 
Class-C Amp.-Oscillator 400 300 •-•-• -125 100 12 3.0 - 28 

6L6G 11.5 0.9 9.5 Class-C Amp. (Telephony) 325 250 - - 70 65 -... 9.0 ..... 0.8 11 

6L6GX 21 6.3 0.9 500 300 3.5 11 1.5 7.0 -•-• O. 7AC 
Class-C Amp. (Telegraphy) 500 250 -.- - SO 90 9.0 2.0 -..- 0.25 -.- 30 
Class-C Amp. (Telephony) 325 225 - - 45 90 9.0 3.0 .•-• 0.25 -. 20 

HY6L6- 
GTX 2 1 6.3 0.9 500 300 3.5 11 0.5 7.0 60 O. 7AC 

Class-C Amp.-Oscillator SOO 250 - - 50 90 9.0 2.0 0.5 -.- 30 
Class-C Arnp. (Telephony) 400 225 - - 45 90 9.0 3.0 16000 0.8 -•-•• 20 

T21 21 6.3 0.9 400 300 3.5 13 0.7 12 30 M. 6A 
Class-C Amp. (Telegraphy) 400 250 -••-» - 50 95 8.0 3.0 ..... 0.2 ....-» 25 

Class-C Amp. (Telephony) 350 200 •••••• - 45 65 17 5.0 - 0.35 .. 14 

RK49 21 6.3 0.9 400 300 3.5 11.5 1.4 10.6 •-••-• M. 6A 
Class-C Amp. (Telegraphy) 400 250 ...-• - 30 95 8.0 3.0 -.. 0.2 -.- 23 
Class-C Amp. (Telephony) 300 200 - 45 60 15 5.0 6700 0.34 12 

5881 23 6.3 0.9 400 300 3 --.- -. --.• ...... O. 7AC Class-C Amplifier Same as 616 

1614 25 6.3 0.9 450 300 3.5 10 0.4 12.3 80 0. 7AC 

Class-C Amp. (Telegraphy) 450 250 - - 45 100 8 2.0 12500 0.15 ...., 31 
Class-C Amp. (Telephony) 375 250 - 50 93 7.0 2.0 10000 0.15 24.5 

Class-Allt Amp. (Audio) , 530 340 -.- - 36 60/160 20 7 72 8 7200 50 

RK41 1 
RK39 25 

2.5 
6.3 

2.4 
0.9 

600 390 3.5 13 0.2 10 30 M. SAW 
Class-C Amp. (Telegraphy) 600 300 - 90 93 10 3.0 0.38 ..... 36 
Class-C Amp. (Telephony) 475 250 - 30 85 9.0 2.5 25000 0.2 - 26 



TABLE XVII-TETRODE AND PENTODE TRANSMITTING TUBES- Continued 

Type 

M ax. 
Plate 
Dissi- 
potion 
Watts 

Cathode Max. 
Plate 
Volt- 

age 

Max. 
 Screen 

Volt- 

age 

Mee. 

Screen 
Dissi. 

potion 
Watts 

ca lntereta lectrod, ism, 

Pac nces 'ee' 
Max. 
Freq. 
Mc. 
Full 

Ratings 

Base 

Socket 
Con- 
floc. 

tiens 

Typical Operation 
Plate 
Volt- 
age 

Screen 
Volt 
age. 

See- 
Presser 
Vaoglet-

Grid 
Volt- 
age 

Plate 
Current 
Ma. 

Screen 
Current 
Ma. 

Grid 
Current 
Ma. 

Screen 
Resistor 
Ohms 

Approx. 
Grid 

Driving 
Power 
Watts 

Class El 
P-to-P 
Load 
Res. 
Ohms 

ee..,..., 
-"-- Output 
Power 

Watts Volts Amp' 

Grid 

te 
Fil. 

Grid 
to 

Plate 

Plate 
to 
Fil. 

HY61 25 6.3 0.9 600 300 3.5 11 0.2 7.0 60 M. SAW 

Class-C Amp. (Telegraphy) 600 250 - - 50 85 9.0 4.0 39000 0.4 - 40 

Class-C Amp. (Telephony) 475 250 - - SO 100 9.0 3.5 25000 0.2 - 27 

Class-AL Amp. ( Audio) , 600 

500 

300 - - 30 200 7 10; - - 0.1 , - 80 

56 

815' 25 
12.6 
6.3 

0.8 
1.6 

500 200 4.0 13.3 0.2 8.5 125 0. 8BY 

Class-C Amp.-Oscillator 200 - - 45 150 17 2.5 - 0.13 - 

Class-C Amp. (Telephony) 400 175 --- - 45 150 15 3.0 - 0.16 - 45 

Class-AB, Amp. (Audio) , 

Class-C Amplifier 

500 

750 

600 

125 - - 15 22/150 

75 

90 

32 7 - 60 , 0.36 1 8000 54 

2548 25 7.5 3.25 750 150 5.0 11.2 0.085 5.4 .- M. T-4C 150 - -135 -----30 

0.43 - 35 

1624 25 2.5 2.0 600 300 3.5 11 0.25 7,5 60 M. T-5DC 

Class-C Amp. (Telegraphy) 300 - - 60 10 5.0 30000 

Class-C Amp. (Telephony) 500 275 - - 50 75 9.0 3.3 25000 0.25 - 24 

Class-AB2 Amp. ( Audio) , 600 300 --- - 25 42/180 5/15 106 , - 1.2 7 7500 72 

3DX3 25 6.3 3.0 1500 200 - - - - 250 S. Fig. 40 Class-C Amp. (Telegraphy) 1000 200 - -155 75 - 2.8 - 0.57 - 50 

6146 
6159 

25 
6.3 

26.5 
1.25 
0.3 

750 250 3.0 13.5 0.22 9.0 60 M. 7CK 

Class-C Amp. (C. W. 15 Mc.) 750 160 - - 85 120 14.7 3.0 -- 0.3 - 69 

Class-C Amp. (C. W.  175 Mc.1 
- 

Class-C Amp. (Telephony) 

400 

600 

200 

150 

-- 

- 

- 54 
- 
- 85 

150 

112.5 

9 

12 

1.8 

3.0 

3.0 - 35 

0.3 - 52 

Class-AS, Amp. (Audio), 750 165 - - 45 35 240 0.6/21 101" - 0.07 8000 130 

3E22 , 30 
12.6 
6.3 

0.8 
1.6 

560 225 6.0 14 0.22 8.5 200 0. 8BY 
Class-C Amp. (Telegraphy) , 600 200 - - 55 160 20 7.0 20000 0.45 - 72 

Class-C Amp. (Telephony) 560 200 - - 50 160 20 6.5 18000 

- 

0.4 - 67 

RK66 30 6.3 1.5 600 300 3.5 12 0.25 10.5 60 M. T-5C 
Class-C Amp.-Oscillator 600 300 - 60 90 11 5.0 0 5 - 40 

Class-C Amp. (Telephony) 500 - - - 50 75 

100 

8.0  

6 

3.2 

3.5 

25000 0.23 - 25 

807 
807W 
5933 
1625 

30 
6.3 0.9 

750 300 3.5 11 0.2 7.0 60 M. 
SAW 

Class-CAmp. (Telegraphy) 750 250 - 45 85000 0.22 - 50 

Class-C Amp. (Telephony) 600 275 - - 90 100 6.5 4.0 50000 0.4 - 42.5 

12.6 0.45 SAZ Class-AB, Amp. ( Audio) , 750 300 - - 32 60/240 5/10 92" - 0.2 7 6950 120 

Class-B Amp. (Audio)" 750 - - 0 15/240 -  

16 

555" 

6.0 

- 5.3 7 6650 120 

2E22 30 6.3 1.5 750 250 10 13 0.2 8.0 - M. SJ 

Class-C Amp.-Oscillator SOO 250 22.5 - 60 100 15000 0.55 - 34 

Class-C Amp.-Oscillator 750 250 22.5 - 60 100 16 6.0 30000 0.55 - 53 

Suppressor-Modulated Amp. 750 250 -90 - 65 55 29 6.5 17000 0.6 - 16.5 

3D23 
T8-35 Class-C 

35 6.3 3.0 --- - - 6.5 0.2 1.8 250 M. Fig. 54 
Class-C Amp. (Telegraphy) 1500 375 - -300 110 22 15 - 4.5 - 130 

Amp. (Telephony) 1000 300 -- -200 85 14 10 - 2.0 .--- 60 

AX- 
9903' 
5894A 

40 6.3 
12.6 

1.8 
0.9 

600 250 7 6.7 0.08 2.1 150 N. Fig. 10 
Class-C Amp. (Telegraphy) 600 250 - - 80 200 16 2 - 0.2 - 80 

Class-C Amp. (Telephony) 600 250 - -100 200 24 8 -- 1.2 - 85 

RK20 1 
RK20A 
RK461 

40 
7.5 
7.5 
12.6 

3.0 
3.25 
2.5 

1250 300 15 14 0.01 12 - M. T-5C 

Class-C Amp. (Telegraphy) 1250 300 45 -100 92 36 11.5 - 1.6 - 84 

Class-C Amp. (Telephony) 1000 300 0 -100 75 30 10 23000 1.3 - 52 

Suppressor- Modulated Amp. 1250 300 -45 -100 48 44 11.5 - 1.5 - 21 

Grid- Modulated Amp. 1250 300 45 -142 40 7.0 1.8 - 1.5 -- 20 

42 

HY69 40 6.3 1.5 600 300 5.0 15.4 0.23 6.5 60 M. 1-SD 

Class-C Amp.-Oscillator 600 250 - - 60 100 12.5 4.0 30000 0.25 

Class-C Amp. (Telephony) 600 250 - - 60 100 12.5 5.0 30000 0.35 - 42 

Modulated Doubler 600 200 - -300 90 11.5 6.0 35000 2.8 - 27 

Class-AL Amp. ( Audio) , 600 300 - - 35 200 7 18 7 5.0 7 - 0.3 7 - 80 

83-  

829 7.' 40 
6.3 
12.6 

2.25 
1.12 

500 225 6 14.5 0.1 7.0 200 N. 7BP 

Class-C Amp. (Telegraphy) 500 200 - - 45 240 32 12 9300 0.7 - 

Class-C Amp. (Telephony) 425 200 - - 60 212 35 11 6400 0.8 . - 63 

Grid-Modulated Amp. 500 200 - - 38 120 10 2.0 - 0.5 - 23 

1129,14 3 40 
6.3 

12.6 
2.25 
1.12 

750 240 7.0 14.4 0.1 7,0 200 N. 78P 

Class-C Amp.-Oscillator 750 200 - - 55 160 30 12 18300 0.8 - 87 

Class-C Amp. (Telephony) 600 200 - - 70 150 30 12 13300 0.9 - 70 

Grid-Modulated Amp. 750 200 - - 55 80 5.0 0 - 0.7 - 24 

8296' 
3E29' 

40 
12.6 
6.3 

1.125 
2.25 

750 240 
6 
7 
7 

14.5 0.12 7.0 200 N. 7BP 

Class-C Amp. (Telegraphy) 500 200 - - 45 240 32 12 9300 0.7 - 83 

Class-C Amp. (Telephony) 425 200 - - 60 212 35 11 6400 0.8 - 63 

Class-B Amp. ( Audio) , 500 200 - - 18 27/230 - 56 , .- 0.39 4800 76 



TABLE XVII-TETRODE AND PENTODE TRANSMITTING TUBES-Continued 

Typ, 

Max. 
Plate 
Dissi 
potion 
Watts 

Cathode Max. Max. 
Plate 

Max. 
Screen 
Volt- 
age 

Screen 
Dissi-
potion 
Wafts 

Interelectrode 
caoocisan...“ fd) 

.-- ---- ee • 
Max- 
Freq. 
Mc. 
Full 

Ratings 

Ilase 

Socket 
Con-
nec- 
lions 

Typical Operation 
Plate 
Volt- 
age 

Screen 
Volt- 
age 

Sup. 

Pelmet. Volt- 
age 

Grid 
Volt- 
age 

Plate 
Current 
Ma. 

Screen 
Current 
Ma. 

Grid 
Current 
Ma. 

Screen 
Resistor 
Ohms 

Approx. 
Grid 

Driving 
Power 
Watts 

Class 8 
16.4e-P 
Load 
Res. 
Ohms 

A ___,_ 
,19-..._:: 
......". Power 
Watts Amp. 

Volt- 
age 

Grid 

1° 
Fil. 

Grid 

te 
Plate 

Plate 
to 
Fil. 

HY 1269 40 
6.3 

12.6 
3.5 
1.75 750 300 5.0 16.0 0.25 7.5 6 M. T-508 

Class-C Amp.-Oscillator 750 300 --- - 70 120 15 4 - 0.25 --•-• 63 

Class-C Amp. (Telephony) 600 250 --.-- - 70 100 12.5 5 35000 0.5 --.--, 42 

Grid-Modulated Amp. 750 300 --• .- 80 -----20 

Class-AB: Amp. (Audio) 6 600 300 --- - 35 200 7 - - -.-. 0.3 -- 80 

3024 45 6.3 3.0 2000 400 10 6.5 0.2 2.4 125 L T-9.1 Class-C Amp.-Oscillator 
2000 375 -- -300 90 20 10 --.•-• 4.0 - 140 

ISOO 375 --•-• -300 90 22 10 --.- 4.0 - 105 

715-B 50 26/28 -. - ••• .- ........ •-• ..- - Class-C Amp. (Telegraphy) 1500 300 .--- ••••-- 125 ...-.. 

5562 45 6.3 3.0 2000 400 8 6.5 0.2 1.8 120 M. Fig. 54 
Class-C Amp. (Telegraphy) 1500 375 - -300 116 21 12 - 3.6 135 

Class-C Amp. (Telephony) 1000 300 - -200 85 14 10 - 2.0 -•-•• 60 

HK-57 50 5 3 3000 500 25 7.29 0.05 3.13 200 N. Fig.64 

Class-C Amp. (Telegraphy) 2000 450 +30 -145 110 2 1 0.15 - 166 

Class-C Amp. (Telephony) 2000 450 +30 -145 88 2 1.5 .... 0.2 ...... 135 

Suppressor-Modulated Amp. 2000 450 -190 -240 80 14 2.5 110000 0.6 90 

RK47 50 10 3.25 1250 300 10 13 0.12 10 .,--» M. T-SD 
Class-C Amp. (Telegraphy) 1250 300 - - 70- 138 14 7.0 1.0 - 120 

Class-C Amp. (Telephony) 900 300 - -150 120 17.5 6.0 ...-• 1.4 --. 87 

Grid-Modulated Amp. 1250 300 - - 30 60 2.0 0.9 •-• 4.0 - 25 

312A 50 10 2.8 1250 500 20 15.5 0.15 12.3 - M. T-6C 
Closs-C Amp. (Telegraphy) 1250 300 20 - 55 100 36 5.5 -. 0.7 ... 90 

:Class-C Amp. (Telephony) 1000 -• 40 - 40 95 35 7.0 22000 1.0 - 65 

Suppressor-Modulated Amp. 1250 -.• -85 - 50 50 42 5.0 22000 0.55 - 23 

804 50 7.5 3.0 1500 300 15 16 0.01 14.5 15 M. T-5C 

Class-C Amp. (Telegraphy) 1500 300 45 -100 100 35 7.0 34000 1.95 - 110 

Class-C Amp. (Telephony) 1230 250 50 - 90 75 20 6.0 50000 0.75 - 65 

Grid-Modulated Amp. 1500 300 45 -130 50 13.5 3.7 - 1.3 - 28 

Suppressor-Modulated Amp. 1500 300 -50 -115 SO 32 7.0 - 0.95 - 28 

4022 
50 

25.2 
12.6 

0.8 
1.6 

750 350 14 28 0.27 13 60 N. 

Fig. 50 Class-C Amp. (Telegraphy) 
750 300 - -100 240 26 12 - 1.5 - 135 

600 300 - -100 215 30 10 - 1.25 - 100 

4D32 
6.3 3.75 Fig. 51 

Class-C Amp. (Telephony) 
600 - •-• -100 220 28 10 10000 1.25 ••••-• 100 

550 - - -100 175 17 6 15000 0.6 - 70 

Class-A82 Amp. (Audio) , 600 250 - - 25 100/365 26 7 70 ' 0.45 7 3000 125 

305A 60 10 3.1 1000 200 6 10.5 0.14 5.4 M. T-4CE 
Class-C Amp. (Telegraphy) 1000 200 - -200 125 -----85 

Class-C Amp. (Telephony) 800 200 - -270 125 - -. -. 70 

HY67 65 6.3 
12.6 

4.5 
2.25 1250 300 10 0.19 14.5 M. T-51311 

Class-C Amp. (Telegraphy) 1250 300 - - 80 175 22.5 10 - 1.5 - 152 

Class-C Amp. (Telephony) 1000 300 .-.-» -150 145 17.5 14 -. 2.0 - 101 •-• 

Grid-Modulated Amp. 1250 300 -•••-• -• 78 •-.... --•-• -.-.- .-.-. - -32.5 

814 65 10 3.25 1500 300 10 13.5 0.1 13.5 30 M. T-5D 

Class-C Amp. (Telegraphy) 1300 300 - - 90 150 24 10 50000 1.5 ---• 160 
Class-C Amp. (Telephony) 1250 300 - -150 145 20 10 48000 3.2 ---. 130 
Grid-Modulated Amp. 1500 250 - -120 60 3.0 2.5 - 4.2 - 35 

4-65A 65 6.0 3.5 

3000 

2500 

3000 

3000 

400 

400 

600 

600 

10 8.0 0.08 2.1 160 , N. Fig.48 

Class-C Amp. (Telegraphy) 3000 250 - - 90 115 20 10 - 1.7 - 280 
Class-C Amp. (Telephony) 2500 250 - -150 108 16 8 - 1.9 - 225 
Class-8 Linear Amp. 2500 500 - -100 20/230 0/35 610 --. 1.8 18 - 325 7 
Class-Alb Amp. (Audio) , 1800 250 - - 35 50/220 0/25 180 6 -.- 2.2 7 20000 270 

282A 70 10 3.0 1000 250 5 12.2 0.2 6.8 - M. T-4C 
Class-C Amp. (Telegraphy) 1000 150 - -160 100 -----33 

Class-C Amp. (Telephony) 750 150 •-• -180 100 •-•- 50 - - 50 

4E27/ 
8001 

75 5.0 7.5 4000 750 30 12 0.06 6.5 75 J. 7BM 

Class-C Amp. (Telegraphy) 2000 500 60 -200 150 11 6 136000 1.4 230 

Class-C Amp. (Telephony) 1800 400 60 -130 135 11 8 125000 1.7 178 
Suppressor-Modulated Amp. 2000 500 -300 -130 55 27 3.0 - 0.4 35 



TABLE XVII-TETRODE AND PENTODE TRANSMITTING TUBES- Continued 

Type 

Max. 
Plate 
Dissi- 
potion 
Watts 

Cathode Max. Max. 
Plate Screen 
-Volt. Volt- 
age age 

st x.'n 

Dissi- 
potion 
w  0 
' s 

Interelechode 
Capad..-.nces ggfd.) Mc'e• Freq. 

Mc. 
Fot, 

Ratings.  

Base 

Socket 
Con-
ROC- 
H ens 

Typical Operation 
Plate 
Volt- 
a• g 

Screen 
Volt- 
age, 

Sup" 
presser Volt- 
age 

Grid 
Volt- 
age 

Plate 
Current 

Screen 
Current 
Ma. 

Grid 
Current 
Mo. 

Screen 
Resistor 
Ohms 

Approx. 
Grid 

Driving 
Power 
Watts 

Class 11 
P-to-P 
Load 
Res . 
Ohms 

'77.72; 
"'""1"" 
 Power 
vi„«. 
'' Volts Amp. 

Grid 
to 

Fil. 

Grid 
to 

Plate 

Plate 
to 
Fil. 

Ma. 

HK257 

HK2578 
75 5,0 7.5 4000 750 25 13.8 0.04 6.7 

75 

120 
J. 71IM 

Class-C Amp. (Telegraphy) 2000 500 60 -200 150 11 6.0 «.. 1.4 •-•- 230 

Class-C Amp. (Telephony) 1800 400 60 -1 30 135 11 8.0 --• 1.7 --- 178 

Suppressor-Modulated Amp. 2000 500 -300 -130 55 27 3.0 - 0.4 -- 35 

828 80 10 3.25 2000 750 23 13.5 0.05 14.5 30 M. Si 

Class-C Amp. (Telegraphy) 1500 400 75 -100 180 28 12 40000 2.2 --- 200 

Class-C Amp. (Telephony) 1250 400 75 -140 160 28 12 30000 2.7 - 150 

Grid-Modulated Amp. 1500 400 75 -150 80 4.0 1.3 .-.. 1.3 - 41 

Class-Alh Amp. (Audio) , 2000 750 60 -120 50/270 2/60 240 - 0 18500 385 

RK211 100 10 5.0 2000 400 35 15 0.02 15 •.-.. J. SJ 

Class-C Amp. (Telegraphy) 2000 400 45 -100 150 55 13 21000 2.0 - 210 

Class-C Amp. (Telephony) 1500 400 45 -100 135 52 13 21000 2.0 155 

Suppressor- Modulated Amp. 2000 400 -45 -100 85 65 13 -..... Mt -... 60 

Grid-Modulated Amplifier 2000 400 45 -140 80 20 4.0 -- 0.9 -- 75 

RK48 
RK48A 100 10 5.0 2000 400 22 17 0.13 13 - J. T-SD 

Class-C Amp. (Telegraphy) 2000 400 - -100 180 40 6.5 -• 1.0 - 250 

Class-C Amp. (Telephony) 1500 400 - -100 148 50 6.5 22000 1.0 - 165 

Grid-Modulated Amplifier 1500 400 - -145 77 10 1.5 -. 1.6 -., 40 

850 100 10 3.25 1250 175 10 17 0.25 25 15 J. T-38 

Class-C Amp. (Telegraphy) 1250 175 - -150 160 - 35 --• 10 .... 130 

Class-C Amp. (Telephony) 1000 140 --.. -100 125 40 -.-- 10 •• 65 

Grid-Modulated Amplifier 1250 175 - 13 110 -----40 

860 100 10 3.25 3000 500 10 7.75 0,08 7.5 30 M. T-4C8 
Class-C Amp.-Ctscillater 3000 300 - -150 85 25 15 - 7.0 .... 165 

Class-C Amp. (Telephony) 2000 220 - -200 85 25 38 100000 17 - 105 

813 125 10 5.0 2250 400 22 16.3 0.2 14 30 J. SBA 

Class-C Amp. (Telegraphy) 2250 400 0 -155 220 40 15 46000 4.0 - 375 

Clous-C Amp. (Telephony) 2000 350 0 -175 200 40 16 41000 4.3 -.. 300 

Odd-Modulated Amplifier 2250 400 0 -110 85 2.5 - - -»•-• ..-. 73 

Class-8 Amp. (Audio) 5 2500 750 0 - 95 35/360 1.2/55 - ...... 0.35 17000 650 

4.125A 
4021 
6155 

125 5.0 6.2 3000 400 20 10.3 0.03 3.0 120 N. 581C 

Class-C Amp. (Telegraphy) 3000 350 --- -150 167 30 9 ••••••••• 2.5 - 373 

Class-C Amp. (Telephony) 2500 350 .- -210 152 9 - 3.3 --•-• 300 

Claus-AS,Amp. (Audio) , 2500 350 --- - 43 93/260 0/6 178 8 - 1.0 22200 400 

4E27A/ • 
5-1258 

125 5.0 7.5 4000 750 20 10.5 0.08 4.7 75 J. 78M CI ass -C Amp. (Telegraphy) 

3000 SOO 60 -200 167 5 6 - 1.6 - 373 

1500 500 60 -130 200 11 8 - 1.6 - 215 

1000 750 0 -170 160 21 3 - 0.6 - 115 

RK28A 125 10 5.0 2000 400 35 15 0.02 15 - J. 5J 

Class-C Amp. (Telegraphy) 2000 400 45 -100 170 60 10 - 1.6 - 250 

Class-C Amp. (Telegraphy) 1500 400 45 -100 135 54 10 18500 1.6 - 150 

Grid-Modulated Amp. 2000 400 45 - 55 80 18 2.0 - 0.5 -» 60 

Suppressor-Modulated Amp. 2000 -- -45 -115 90 52 11.5 30000 1.5 - 60 

803 125 10 5.0 2000 600 30 17.3 0.15 29 20 J . 5J  

Class-C Amp. (Telegraphy) 2000 SOO 40 - 90 160 45 12 - 2.0 - 210 

Class-C Amp. (Telephony) 1600 400 100 - 80 150 45 25 27000 3.0 •-• 153 

Suppressor-Modulated Amp. 2000 - -110 -100 80 48 15 35000 2.5 -.. 53 

Grid-Modulated Amplifier 2000 600 40 - 80 80 20 4.0 - 2.0 - 33 

150A' 4X- 150 6.0 2.0 1000 300 15 16,1 0.02 4.7 500 N. T-9J Class-C Amp. (Telegraphy) 

1000 250 - - 80 200 39 ' 7 --• 0.69 148 

750 250 - - 80 200 37 6.5 --, 0.63 •••••• 110 

600 250 -- - 75 200 35 6 0.52 ... 85 

150G 4X- 150 2.5 6.25 1250 300 15 16.1 0.02 4.7 165 N. -. Class-C Amp. (Telegraphy) 1250 250 - - 90 200 20 11 -.- 1.2 - 195 

PE340/ 
4023 °' 

150 5.0 7.5 4000 400 11.6 0.06 4.35 120 N. 581C 

Class-C Amp- (TelegraPhy) 3000 400 - -290 200 27 7 L6 -• 450 

Class-C Amp. (Telephony) 2500 400 -... -425 1,0 27 9 -,-.• 4 350 

Class Alit Audio , 2300 400 - - 95 284 7 77 1.8 7 19100 460 



TABLE XVII-TETRODE AND PENTODE TRANSMITTING TUBES- Continued 

Type 

Max. 
Plate 
Dissi 
potion 

Watts 

Cathode 
Max. 

Plate Volt- 

age 

Max. 

Screen Volt- 

age 

Max. 
Screen 

Dissi- potion 

Watts 

Interelectrode 
Capacitances (µi.fd.) Max. 

Freq. 
Mc. 
Full 

Ratings 

Base 
Socket 
Con- 
nee- 

lions 

Typical Operation 
Plate 
Volt- 
age 

Screen 
Volt- 
age 

Sup- 

Press°' 

age 

. Grid 
Volt- 
age 

Plate 
Current 
Mo. 

Screen 
Current 
Ma. 

Grid 
Current 
Ma. 

Screen 
Resistor 
Ohms 

Approx. 
Grid 

Driving 
Power 
Watts 

Class B 
P-to-P 
Load 
Res. 
Ohms 

Approx. 
Output 
Power 
Watts 

Volts Volts Amp. Grid 
to 

fil . 

Grid 
to 

Plate 

Plate 
to 

Fil. 
AT-340 130 5 7.0 4000 400 --- 9.04 0.19 4.16 120 J. 58K Class-C Amp.-Oscillator 3000 400 -- -500 165 75 ..... -••• 2.4 -- -...-
RK65 215 5.0 14 3000 500 35 10.5 0.24 4.75 60 J. T-38C 

Class-C Amp. (Telegraphy) 3000 400 --- -100 240 70 24 -- 6.0 -- 510 
Class-C Amp. (Telephony) 2500 --- ... -150 200 70 22 30000 6.3 -- 380 

4-250A 
5D22 
6156 

GL 

250 5.0 14.5 4000 600 35 12.7 0.06 4.5 75 N. 511K 
Closs-C Amp. (Telegraphy) 3000 500 - -180 330 60 10 --- 2.6 -..- 800 
Class-C Amp. (Telephony) 3000 400 ---. -310 225 30 9 ..- 3.2 --- 510 
Class-AB2 (Audio) 6 1500 300 --- - 48 100/4851 0/34 192 2 ...- 4.7 , 5400 428 

5D24 250 5.0 14.1 4000 350 50 12.7 0.06 4.5 85 N. 5BK Class-C Amp. (Telegraphy) Same as 4-250A 
GL-
5D24 4. 

0A 40 9 400 5.0 14.5 4000 600 35 12.5 0.12 4.7 110 N. 5BK Class-C Teleg. or Telephony 4000 300 
--- -170 270 22.5 10 --- 10 ..- 720 

861 400 11 

1 Discontinued. 

10 3500 750 35 14.5 0.1 10.5 20 N. T-18 
Class-C Amp. (Telegraphy) 3500 300 - -250 300 40 40 --- 30 -- 700 
Class-C Amp. (Telephony) 3000 375 - -200 

_ _ 
200 - 55 70000 35 -- 400 

3Triode  connection- screen grid tied to plate. 
3Duol tube. Vo ves for both sections, in push-pull. Interelectrode 

capacitances, however, are for each section. 

• 
Filament l'inited to intermittent operation. 
Values are for two tubes in push-pull. 
Max.- signal value. 

TABLE XVIII - KLYSTRONS 

Peak gro.to-g id a.. volts. 
9Forced-air cooling required. 

n' Average value. 
',Two tubes triode connected, G2 10 GI through 20K S?. input to G2. 

Type Freq. Range-Mc. 
Cathode Base 

C - 
lions 

Typical Operation Beam 
Volts 

Beam 
Mo. 

(Max.) 

Beam 
Watts 
(Max.) 

Control- 
Electrode 

Volts 
Reflector 
Volts 

cathode 

M a. 

R.F. Driving 
Power 
Watts 1 

Output Watts Volts Amp. 
2K22 

iK25/ 
4240-4910 6.3 0.44 --- Reflex Oscillator 300 -.- - - -120/-180 -- 0.75-0.115 

723A-8 8702-9548 6.3 0.44 Fig. 60 Reflex Oscillator 300 32 -- - -130/-185 25 -.- 0.033 
2K26 6250-7060 6.3 0.50 Fig. 60 Reflex Oscillator 300 25 - -.- -65/-120 - - 0.120 2K28 6 1200-3750 6.3 0.65 Fig. 61 Reflex Oscillator 300 , 45 -- 300 -155/-290 30 .-- 0.140 2K29 3400-3960 6.3 0.44 -- Reflex Oscillator 300 - -.. -- -75/-180 --. 2K33 23500.44500 6.3 0.65 Fig. 62 Reflex Oscillator 1800 , .- - -20/-100 -80/-220 3 

-- 

- 

0.85-0.106 

0.04 2K34 27304330 6.3 1.6 Fig. 58 Oscillator-Buffer * 1900 150 450 -45 - 75 - 10-14 2K35 2730.4330 6.3 1.6 Fig. 58 Cascade Amplifier * 1500 150 450 0 .... 75 0.065 5 2K39 2 7500-40300 6.3 1.3 Fig. 59 Reflex Oscillator* 1000 60 75 0, -660 30 - 0.46 2K41 2660-3310 6.3 1.3 Fig. 59 Reflex Oscillator * 1000 60 75 +24 -510 60 - 0.75 2K42 , 

3 

3300-4200 6.3 1.3 Fig. 59 Reflex Oscillator * 1000 60 75 0 -650 45 --. 0.75 2K43 4200-5700 6.3 1.3 Fig. 59 Reflex Oscillator * 1000 60 75 0 -320 40 - 08 2K44 2 5700-7500 6.3 1.3 Fig. 59 Reflex Oscillator* 1000 60 75 0 -700 43 --.- 0.9 2K45 8501;49660 6.3 0.762 -- Reflex Oscillator 300 --.- -. - -95/-143 -- -- 0.02.0.032 
2K46 2730-3330 , 

8190-10000 , 6.3 1.3 Fig. 58 Frequency Multiplier * 1500 60 60 -90 
-- 30 0.01/0.07 0.040.07 

2K47 250..280 , 
2250.4360 2 6.3 1.3 Fig. 58 Frequency Multiplier * 1000 60 60 -35 .- 50 3.5 0.15 

2K48 6900-10850 6.3 0.515 -- Reflex Oscillator 1250 -- -- -.- -175/-300 -- - 0.025 2K56 

a 

3840-4460 6.3 5.0 Fig. 60 Reflex Oscillator 300 25 .-- -..- -85/-150 .- -.- 0.090 3K21 

a 
23004725 6.3 1.6 Fig. 58 Oscillator-Amplifier * 2000 150 450 0 - 125 1.4 10..20 3K22 3320.-4000 6.3 1.6 Fig. 58 Oscillator-Amplifier * 2000 150 450 0 - 125 1.4 1040 3K23 , 950.1150 6.3 1.6 Fig. 59 Reflex Oscillator* 1000 90 80 0 -300 70 -.- 14 3K27 , 750.960 6.3 1.6 Fig. 59 Reflex Oscillator* 1000 90 80 0 -300 70 - 14 3K30 

¡410R), 
68L6 

2700-3300 

1250-6000 

6.3 

•-• 

1.6 Fig. 58 

.-.- 

Oscillotor-Amplifier * 

Reflex Oscillator 

2000 

350 

150 

- 

450 

- 

0 

+ 1 

-.-- 

0/-400 

125 

25 

1-3 

- 

1040 

., 



TABLE XVIII- KLYSTRONS- Continued 

Type Freq. Range-Mc. 
Cathode Ease 

Connec. 
lions 

Typical Operation Beam 
Volts 

Boom 
Mo. 

(Max.) 

Bouas 
Watts 
(Max.) 

'°"° 
Electrode 
Volts 

Reflecto  
Volts 

Cathode 
Ma. 

R.F. Driving 
Power 
Watts 4 

Output Watts Volts Amp. 

68146 550-3000 - - - Reflex Oscillator 350 -- .- -I- 1 0/-600 20 - -.-
7078 1 1200-3750 6.3 0.65 Fig. 61 Reflex Oscillator 300 , 45 - 300 -155/-290 30 - 0.140 
SD1103 1250-6000 - ..- - Reflex Oscillator 350 - - +10 0/-400 25 - ...--
SD1104 550-3000 - - - Reflex Oscillator 350 - - +10 0/-600 22 --. ...... 
QK140 29700-33520 6.3 0.65 - Reflex Oscillator 2250 - -20/-250 -50/-200 ...- -- 0.0141.02 
QK159 29504275 6.3 0.63 Fig. 63 Reflex Oscillator 300 43 - 300 -100/-173 20 - 0.150 
OK226 37100-42600 6.3 0.65 - Reflex Oscillator 2500 - -- -20/-200 -50/-200 -• --- 0.005 
01(227 41700-50000 6.3 0.65 - Reflex Oscillator 3000 - - - 20/-200 -50/-200 -• - 0.005 
01(289 27270-30000 6.3 0.65 - Reflex Oscillator 2250 - - -20/-250 -30/-200 - - 0.01-0.02 
01(290 29700-33520 6.3 0.65 - Reflex Oscillator 2250 - - -20/-250 -50/-200 -..- - 0.01.-0.02 
OK291 33520-36250 6.3 0.65 - Reflex Oscillator 2250 -- -.. -20/-250 -50/-200 •- - .005,018 
01(292 35100-39700 6.3 0.65 - Reflex Oscillator 2500 ..., ....... -20/-200 -30/-200 - -- .005,01 
01(293 37100.42600 6.3 0.65 - Reflex Oscillator 2500 ,.... - -20/-200 -50/-200 - ...... .005 
01(294 41700-50000 6.3 0.65 - Reflex Oscillator 3000 - - -20/-200 -50/-200 - - .005 
031(295 50000-60000 6.3 0.65 .- Reflex Oscillator , 3500 - - - 20/-200 -50/-200 --
Q1(306 18000-22000 6.3 0.65 

. 

-- Reflex Oscillator 1800 - - -20/ - 100 -80/-220 - - .01,04 

co.clei-o.1 RK726C 2700-2960 6.3 0.44 - Reflex Oscillator 300 - - -75/-135 - 
R K5721 3500-12000 6.3 0.58 - Reflex Oscillator 1000 - - +4/-1-18 -60/-625 - - 0.1 0.125 
RK5976 6250-7460 6.3 0.44 - Reflex Oscillator 300 -- - - -78/-15e -- --. 0.85-0.11 
11(5981 1245-1460 6.3 0.455 --- Reflex Oscillator 225 - --.. ..., -30/-330 - - 0.04-0.1 
RK6043 2950.4275 6.3 0.65 .--- Reflex Oscillator 300 - - +300 -100/-175 - - 0.15-0.175 
11(6115 5100-5900 6.3 0.44 .-- Reflex Oscillator 300 •-• -115/-175 - - 0.07-0.1 
Z-668 21900-26100 - -- .--- Reflex Oscillator* 1700 - 15 -1700/-2300 - ..-- 0.02 
5836 1250-6000 ...- - - Reflex Oscillator 350 - +10 0/-400 25 - 
5837 550-3000 - - - Reflex Oscillator 350 ,...... +10 0/-600 22 - - 

'Input frequency. 
'Output frequency. 

'Tuner required. 
'At max. ratings. 

atlas demountable tuning cavity. 
a Cathode> current specified en each tube. 

7G2 and G3 voltage. 
Two tubes to cover range. 

*Forced-air cooling required, 
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TABLE XIX- CAVITY MAGNETRONS 

Type Class 
Band or 
Range 
Mc. 

Heater 

yeti 

- 

.,.. 
A ulr'' 

Maximum Ratings 
_ __   

Duty 
Cycle 

__ 

Input 
Watts 

Anode 
KV. 

Typical Operation 

Anode 
KV. 

Anode 
Amps. 

Anode 
Amps. 

Field 
Gauss 

Pulse 

e 
Sec. 

. c 
P•• •-• 

Peak 
Pwr. 
Output 
MY. 

_ 
R K2J22 I 3267-2333 6.3 1.5 22.0 30.0 .002 600 20.0 30.0 2250 1.0 1000 265 
RK2J23 5 3071-3100 6.3 1.5 22.0 30.0 .002 600 20.0 30.0 2400 1.0 1000 275 
RK2J24 1 3047-3071 6.3 1.5 22.0 30.0 .002 600 20.0 30.0 2400 1.0 1000 275 
RK2J25 1 3019-3047 6.3 1.5 22.0 30.0 .002 600 20.0 30.0 2400 1.0 1000 275 
RK2J26 1 2992-3019 6.3 1.5 22.0 30.0 20.0 30.0 2400 

2400 

2400 

1.0 1000 275 
RK2J27 1 2965.2992 6.3 1.5 22.0 30.0 20.0 30.0 1.0 1000 275 
RK2J28 1 2939-2965 6.3 1.5 22.0 30.0 20.0 30.0 1.0 1000 275 
RK2J29 1 2914.2939 1.5 22.0 30.0 .002 20.0 30.0 2400 

1900 

1.0 1000 275 
RK2J30 1 2860..2900 1.5 1 30.0 .002 20.0 30.0 1.0 1000 285 

285 RK2J31 1 2820-2860 6.3 1.5 22.0 30.0 .002 20.0 30.0 1900 1.0 1000 
RK2J32 I 2780-2820 6.3 1.5 22.0 30.0 20.0 30.0 1900 

1900 

1900 

2500 

1.0 1000 283-  

285  RK2J33 1 2740-2780 6.3 1.5 22.0 30.0 20.0 30.0 1.0 1000 
RK2J34 1 2700-2740 6.3 1.5 22.0 30.0 600 20.0 30.0 1.0 1000 285 
RK2J36 I 9003-4168 6.3 13.5 12.0 200 11.5 10.0 1.0 1000 15.0 
RK2J38 1 3249-3263 6.3 1.25 6.0 8.0 .012 200 4.9 3.0 Pkg. 1.0 2000 5.0 
RK2J39 1 3267-3333 6.3 1.25 6.0 8.0 .002 Emu 5.4 5.0 Pkg. 1.0 2000 8.7 
2J42 1 9345.4405 6.3 0.5 5.7 6.5 .001 - - 4800 2.5 - 14 
2J42A L 9345-9405 6.3 0.5 8.0 7.0 .001 - 6500 2.5 - 35 
RK2J411 1 9310-9320 6.3 1.0 16.0 16.0 .002 230 12.0 12.0 4850 1.0 1000 50.0 
R K 2J49 1 9000-9160 6.3 1.0 16.0 16.0 .0012 180 12.0 12.0 5400 1.0 1000 58.0 
RK2J50 , 8740-8890 6.3 1.0 16.0 16.0 .0012 180 12.0 12.0 5400 1.0 1000 58.0 
RK2J51 2 8500-4600 6.3 1.1 16 r.0012 230 15 14 Pkg. • 1000 45 
RK2J54 2 3123-3259 6.3 1.5 14.0 15.0 .002 250 11.6 12.5 1400 1.0 2000 45.0 
RK2J55 1 934e.9405 6.3 1.0 16.0 16.0 .001 180 12.8 12.0 Pkg. 1.0 1000 50.0 
RIC2J56 1 9215-9275 6.3 1.0 16.0 16.0 .001 180 12.8 12.0 Pkg. 1.0 1000 50.0 
RK2J58 2 2992-3100 6.3 1.5 EEC. 15.0 EzEmptrin 12.5 1450 1.0 2000 50.0 
RK2J61A 2 3000-3100 6.3 1.5 LIM KEEN Eau ma Emu 12.5 1300 1.0 2000 35.0 
RK2J62A 2914.3010 • 1.5 KEEN Krinium 250 10.2 12.5 1300 1.0 2000 35.0 
RK2J66 2 2845-2905 6.3 1.5 20.0 25.0 .001 400 18.0 25.0 1700 1.0 1000 150 
RK2J67 2 2795-285.5 6.3 1.5 20.0 25.0 .001 400 18.0 25.0 1700 1.0 1000 130 
RK2J68 2 2745-2803 • 6.3 1.5 20.0 25.0 .001 400 18.0 25.0 1700 1.0 1000 150 
RK2J69 2 2695-2755 6.3 1.5 20.0 25.0 .001 400 18.0 25.0 1700 1.0 1000 150 
RK2J70 1 3030-3110 6.3 1.25 7.5 15 .002 200 7 8 Pkg. 0.5 1000 20 
RK2J71 I 3190-3201 6.3 1.25 5.5 8 .002 100 5 5 Pkg. 1.0 2000 6 
3J31 1 3744-24224 6.0 1.9 13.0 14.0 .0005 - .- 7600 1.0 - 54 
RK4J31 1 2860-2900 16.0 3.1 30.0 70.0 .001 1200 28.0 70.0 2700 1.0 400 900 
RK4J32 1 2820-2860 16.0 3.1 30.0 70.0 .001 1200 28.0 70.0 2700 1.0 400 900 
RK4J33 1 2780-2820 16.0 3.1 30.0 70.0 .001 1200 28.0 70.0 2700 1.0 400 900 
RK4J34 1 2740.2780 16.0 3.1 30.0 70.0 .001 1200 28.0 70.0 2700 1.0 

1.0 

400 900 
RK4J35 1 2700-2740 16.0 3.1 30.0 70.0 .001 1200 28.0 70.0 2700 400 900 
RK4J36 1 3650-3700 16.0 3.1 30.0 70.0 .001 1200 28.0 70.0 2500 1.0 400 750 
RK4J37 1 3600-3650 16.0 3.1 30.0 70.0 .001 1200 28.0 70.0 2500 1.0 400 750 
RK4J311 1 3550-3600 16.0 3.1 30.0 70.0 .001 1200 28.0 70.0 2500 1.0 400 750 
RK4J39 1 3500-3550 16.0 3.1 30.0 70.0 .001 1200 28.0 70.0 2500 1.0 400 750 
RK4J40 1 3450-3500 16.0 3.1 30.0 70.0 .001 1200 28.0 70.0 2500 1.0 400 750 
RK4J41 1 3400•3450 16.0 3.1 30.0 70.0 .001 1200 28.0 70.0 2500 1.0 400 750 
RK4J43 1 2992-3019 16.0 3.1 30.0 70.0 .001 1200 28.0 70.0 2700 1.0 400 900 
RK4J44 1 2965-2992 16.0 3.1 30.0 70.0 .001 1200 28.0 70.0 2700 1.0 400 900 
4J50 2 9345-9405 13.6 3.5 23.0 27.5 .004 .. - 6300 0.5 - 300 
4J52 2 93459405 12.6 1.9 16.0 15.0 .002 ...... ...- 5000 6.0 -- 120 
RK4J53 I 2793-2813 16.0 3.1 30.0 70.0 .001 1200 28.0 70.0 2700 1.0 400 900 
RK4J54 1 6875-4775 12.6 3.75 .25.0 35.0 .001 650 17.5 30.0 Pkg. 1.0 1000 200 
RK4J55 1 6775-6675 12.6 3.75 25.0 35.0 .001 650 17.5 30.0 Pkg. 1.0 1000 200 
RK4J56 1 6675.6575 12.6 3.75 25.0 33.0 .001 650 17.5 30.0 Pkg. 1.0 1000 200 
RK4J57 6575-4475 12.6 3.75 • 35.0 .001 650 17.5 30.0 Pkg. 1.0  

1.0 

1000 

1000 

200 

200 RK4J511 6475.6375 12.6 3.75 25.0 35.0 .001 650 17.5 30.0 Pkg. 

ILK4J59 6375..6275 12.6 3.75 25.0 35.0 .001 650 17.5 30.0 Pkg. 1.0 1000 200 
4J78 2 9003-9168 13.6 3.5 23.0 27.5 .004 ..... ...... 6300 0.5 300 
1K5.126 2 1220-1350 23.5 2.2 31.0 60.0 .002 1800 27.5 46.0 1400 4.0 225 400 
RK725A I 9345.4405 6.3 1.0 16.0 16.0 .001 180 12.0 12.0 5400 1.0 1000 50.0 
RK730A I 9343-9405 6.3 1.1 16.0 16.0 .001 180 13.0 12.0 5400 1.0 1000 40.0 
RK5586 2 2700-2900 16.0 3.1 30.0 70.0 .001 1200 28.0 70.0 2700 1.0 400 900 
RK5609 4 2425-2475 6.3 3.8 1.7 0.15 C W 200 1.5 0.15 Pkg. - - 0.125 
RK5657 2 2900.3100 16.0 3.4 32.5 70.0 .001 1300 32.5 70.0 2700 1.0 500 800 
1 IC5982 1 9335.4415 6.3 3.2 15.5 14.5 .001 225 15.5 13.4 Pkg. 4.5 200 75.3 
CtK174C 2 1990-2110 4.0 3.1 2.2 0.18 198 1.85 0.15 Pkg. - -.., 0.07 
CIK312 4 2425-2475 8.5 3.2 7,0 2.5 CW 3600 5.1 0.56 Pkg. cw. cw. 1.5 

Fixed-frequency-Pulsed. 2 Tunable-Pulsed. 'Tunable-C.W.-F.M. Fixed-frequency-C.W. 



TABLE XX- TRANSISTORS 

No. TYE» 

Maximum Ratings Characteristics 

Use 

Typical Operation 
Collector Emitter Current Coll. 

R. 
KU 

Emitter 
R. 
n 

Base 
R. 
12 

Collector 
Mo. 

Collector 
Volts 

Emitter 
Ma. 

Input 
Resistance 
Ohms 

Output 
Load R. 
Ohms 

Power 
Gain 
Db. 

Noise 
Figure 
Db. 

Base 
Ma. 

Power 
Output 
M. Watti 

Diss. 
M. Watts Ma. Volts 

Dist. 
M. Watts Ma. 

Amp. 
Factor 

2A Pt.-Cont. 120 8 50 •••••- - 2 .-.. - General -• -10 1.0 800 13K 20 - --
211 Pt.-Cont. 120 8 50 .--- - 2 .,-... - - General -. -10 1.0 800 ISK - - ...-
2C 14.-Cont. 100 8 50 •••- 2 --.• -.- - Switching 4.0 0/-2 3.0 - - -•-•.- -, 
20 Pt..Conl. 100 8 50 •••.- -•••• 2 •-••• - - General 1.0 -15 0 - - •••-• - - 
2E Pt.-Cont. 100 8 50 - ..... 2 -.», -.- - General 1.0 -15 o 500 10K 20 -.. •-
2F Pt.-Cont. 120 8 100 - -.. 2 -•• - - Switching 5.0 0/-1.2 3.0 - - ,..- - - ••-.-
2G Pt.-Cont. 120 8 100 - -•••• 2 - - Switching 5.0 0/-1.2 3.0 - - ...- -•• - ••-
2/132 Pt.-Cont. 50 8 40 - 3 2.2 - - Pulse or Switching - -25 0.5 400 31K 21 - - ••••-. 
2N33 Pt.-Cont. 30 7 8.5 - 0.8 .... - -..- - Oscillator 50 Mc. 3.3 - 8 0.3 - ..-- ••••.- - - 1.0 
2N34 Jct. PNP 50 8 25 - 8.0 0.98 - - - General 10 - 6 1.0 - - 40 - 0.25 -.-
2N35 Jct. NPN 50 8 25 ,.-- 8.0 0.98 - - - General 10 6 1.0 - - 40 - 0.25 ..... 
2N36 Jct. PNP 50 8 20 45 ...--- - - General - - 6.0 1.0 1000 30K 40 - 0.01 .•-•••• 
2N37 Jct. PNP 50 8 20 ...... - 30 - - - General - - 6.0 1.0 1000 30K 36 - 0.02 
2N38 Jct. PNP 50 8 20 ....... ....- 15 .---.. - - General 

,.-- 

- 6.0 1.0 1000 30K 32 - 0.05 ..-
A1698 Pt.-Cont. 120 15 100 - 15.0 - - - 200 Switching -.-- - -.- -•-•-- - - ...-
CK7I6 Pt.-Cont. 100 4 40 ..- 10.0 2.5 - --.-- - General 1.5 -10 0.5 250 13K 18 45 •-•- 3.0 
CK721 Jct.-PNP 30 5 20 .-- 5.0 40 - -- - General 2.0 - 3 - - 1230 38 22 0.3 2.8 
CK722 Jct. PNP 30 5 20 - 5.0 12 - - - General 0.3 - 1.5 - - -- 30 22 0.2 ..-. 
G-I 1 PI.-Cont. 100 7 30 - 3.0 2.2 - - 200 Amp. Oscillator - - - 475 20K 17 57 --.- .-. 
0-11A Pt.-Cont. 100 7 30 - 3.0 2.2 - - 500 Switching - -15 1.0 800 20K - - .--
MI689 Pt.-Cont. 80 40 50 - 40.0 ...-- - - .-.•••• Switching ••••••• 800 10K - -,--. -.-• 
M1725 Pt.-Cont. 200 20 50 --» 13.0 2.1 ...- - 115 Audio and Carrier 4.0 - 5 1.5 193 8K 18 48 ---. 4.5 
MI729 14.-Cont. 200 20 50 .».-- 13.0 2.5 •••••• - 75 Audio and Carrier 5/7 -30 1/2 190 15K 20/18 54 -.-- 30.0 
MI752 Jet. PNP 50 5 50 ---.- 3.0 0.98 ....... - 240 General - •-•-••• -- 25 13K - -.- - ---
&Jo Pt.-Cont. 120 25 30 25 - - --.. - - Amp. Oscillator - 5 1.5 155 6800 •••-..- 43 - - 
0051 Pt.-Cont. 120 15 100 -•-. 13 2.3 .--• - - Switching 1.6 -40 0 350 26K - -• ..- ---
PT-2A Pt.-Cont. 100 10 40 - 5 1.5 10 300 500 Audio Amplifier -•»- -30 1.0 300 20K 19 57 - --
PT-25 Pt.-Cont. 100 10 40 - 5 2.0 - - 500 Switching - -30 1.0 - - - - - -. 
81734 14.-Cont. 120 - - - ---•-• - - •-•••• -.- Switching 
RD2517 Jct. NPN 50 5 30 •-•-• 0.93 100 35 500 Audio and R.F. - 4.3 1.0 - 4500 32 22 - 1.9 
RD2520 Jct. NPN 50, 5 40 •-. ...-•-• 0.95 500 35 100 Audio and R.F. .--- 4.5 1.0 - 4500 34 22 - 2.0 
RD2521 Jct. NPN 50 10 40 - 10.0 0.973 300 30 100 Amp. Oscillator - 4.5 1.0 - - 37 22 - 
RD2525 Jct. NPN 25 5 25 - --•-• 123 200 35 500 Amp. Oscillator - 4.3 --- - 4500 42 22 - 1.9 
RR-14 Jct. PNP 50 3 25 - --•-• 23 700 30 270 Audio Amplifier 0.5 - 1.5 -.-- - - 36 22 - -.• 
111-20 Jet. PNP 50 5 25 .-,-. -•-• 40 700 30 270 Audio Amplifier 0.5 - 1.5 -- - - 40 22 - 
RR-2I Jct. PNP 50 5 25 •-.. --..- 25 - -. ..-.--- Audio Amplifier 3.0 -13.0 ...- --- 5000 -•-•••• - - 20 
RR-34 Jet. PNP 30 5 20 .-- - 10 500 30 270 Audio Amplifier 0.5 - 1.5 1.0 - 30K 30 - - - 
T-2I A Pt.-Cont. SO 5 30 20 5 0.95 500 50 500 General 1.0 - 4.5 1.0 500 30K 38 25 .-- - 
TA-16111 

- Pt.-Cont. 

Pt.-Cont. 140 •-• - •-.- •-•••• 2 - - 120 General 3.0 -20 1.5 300 13K 22 55 - 50.0 
TP-01 100 .--- 35 -.... -. 2 --. .-- - General ---- -22.3 0.3/0.8 400 10K 18 - - 
X-22 Jct. NPN 50 5 40 ••-- - 0.90 .--.. ...- - Audio Switching - 4.5 1.0 33 - - .-- - - 
X-23 Jd.NPN 50 5 40 ..--. ---. 0.95 ....... .--... Audio Switching - 4.5 1.0 35 - - - - - 
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TABLE XXI — GERMANIUM CRYSTAL DIODES 

Type Use I 
Max. 

Volts 

Peak 
Redif'd 
Ma. 

Max. 
Surge 
Ma. 

Max. 
Reverse 
p-Amp. 

Max. 
Average 

Ma. 
Type Use 

Max. 
Inverse 
Volts 

Peak 
Rectird 
Ma. 

Max. 
Surge 
Mo. 

Max. 
Reverse 
p-Amp. 

Max. 
Average 
Ma. 

11E34 
1N34A 

General 60 150 500 so «, 10 V. 
800 (q, 50 V 

40 INS8 
1N58A 

100-Volt 
Diode 

100 150 500 800 © 100 V. 40 

1N35 t 50 60 100 10 © 10V. 22.5 
1N60 Vid. Det. 25 150 500 30 (4) 1.5 50 

1N38 
1N38A 

100-Volt 
Diode 

100 150 500 
6 
625 (ï• 100 V. 

40 1N61 Diode 130 150 500 300 e 100 V. 40 

1P439 
200-Volt 
Diode 

200 150 500 
200 © 100 V. 
800 © 200 V . 

40 1N63 
GSE3 

General 125 150 400 50 © 50 V. 50 

1N402 Varistor 25 60 100 SO® 10 V. 22.5 eel Vid. Det. 20 — — —. — 

1N41 2 Varistor 25 60 100 50 © 10 V. 22.5 1N65 
G5G4 

Hi Back 
Resistance 

85 150 400 200® 50 V. 50 

IN422 Varistor 50 60 100 
6 ® 3 V. 
625 © 100 V. 

5 22. 1N662 General 60 150 SOO 800 © 50 V. 50 

IN43 Varistor 604 125 SOO 850 © 50 V. 40 1N67 
Hi Back 
Resistance 

80 100 500 50 (4) 50 V. 35 

IN44 Varistor 1154 100 400 1000® 50 V. 40 
1N68 Restorer 100 100 500 625 e 100V. 35 

1N45 Varistor 754 100 400 410 © 50 V. 40 
1N69 General 75 125 400 850 (4) 50 V. 40 

1N46 Varistor 604 125 500 1500 © 50 V. 40 
1E170 General 125 90 350 410 © 50 V. 30 

1N47 Varistor 1154 90 350 410 © 50 V. 30 
1N71r Varlstor 504 200 1000 300 © 30 V. 60 

11448 
G52 

General 85 150 400 833 © 50 V. 50 no. 

G7r' U.H.F. 2 75 — — 25 

INS1 
G5C4 

General 50 100 300 1667 © 50 V. 25 1N732 Quad 75 60 100 50 © 10 V. 22.5 

1N52 
GSEP 

General 85 150 400 150 © 50 V. 50 
114742 Clued 75 60 100 .,— 22.5 

1N75 General 125 150 400 50 © 50 V. 50 

1N54 
1N54A 

Hi Back 
Resistance 

35 150 500 10 ® 10 V. 40 CK705 General 60 150 500 800® 50 V. SO 

1N55 
1N55A 

150-Volt od 
Die 

150 150 500 
300 (a) 100 V. 
800 (a., 150 V. 

40 
CK706 Vid. Det.1 40 125 300 — 35 

CK707 Restorer 80 100 500 ioo @ so V. 35 

1N56 
1N56A 

Hi-Con-
duction 4° 2°0 1000 300 e 3° V. 5° CK708 Restorer 100 100 500 625 ley 100 V. 35 

11157 Diode 80 150 500 5000 75 V. 40 CK710 U.H.F. Mix. 5 75 — SOO (,I 2 V. 25 

Ratings given are for individual diodes. Average life is over 10,000 hours. Ambient temperature range for all types— — 50° C. 
to ± 75° C. Average shunt capacitance — 0.8 'add. Units with A suffix are glass types. 
I Matched dual diode. 2 Unit has four matched diodes. 3 G.E. designation. 
4 Min. reverse volts for zero dynamic resistance. 

TABLE 'XXII — MINIATURE SELENIUM RECTIFIERS 

Manufacturer 

Federal Telephone 
and Radio Corporation 

911 

Type Number 

402D3200 

40202788 # 
40203150A 

et 40302625 
40302625A 

le 40203151 

eV 40203239A 

99 40303240A 

General Electric Co. 6RS5G142 

99 6RS5GH1 

Radio Receptor 
Company, Inc. 

5L1 

Max. 
A.C. 
Volts 

117 

117 

117 

18 

160 

160 

117 

117 

117 

Peak 
Inverse 
Volts 

Peak 
Current 
Ma. 

Max. 
R.M.S. 
Ma. 

Max. D.C. 
Output 
Ma. 

380 50 

380 

380 

900 220 

1200 325 

75 

100 

100 

75 

380 

380 

380 

5M1 117 380 

650 

750 

163 

187 

100 

Rectifier 
Service 

Half-Wave 

Half-Wave 

Half-Wave 

Half -Wave 

Doubler 

Doubler 

65 

75 

Half .Wave 

Half -Wave 

75 Half .Wave 

100 Half-Wave 

Circular plates—discontinued. 
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Catalog Section 

In the following pages is a catalog 

file of products of the principal manu-

facturers and the principal distributors 

who serve the radio field: industrial, 

commercial, amateur. All firms whose 

advertising has been accepted for this 

section have met The American Radio 

Relay League's rigid standards for 

established integrity; their products 

and engineering methods have re-

ceived the League's approval. 
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You'll notice that iur 

parts catalog in this edition 

of the handbook is not 

as extensive as in 

previous years. The 

reason is that we're hard 
at work designing new 

and exciting additions to 

our components line. 



NC-88 $129.95* 

THE ALL NEW 

beloq 
8 Big Features 

No Comparable 

Receiver Can Offer! 

No other receiver at anywhere 
near the low price offers you these 
eight "high-priced" features: ( 1) 
Calibrated bandspread for 80, 40, 
20, 15 and 11 meter bands ( large 
6" indirectly-lighted lucite scales). 
(2) Delayed A.V.C. ( 3) Higher 
sensitivity. ( 4) New miniature 
tubes used exclusively. ( 5) An-
tenna trimmer. ( 6) Better selec-
tivity. ( 7) An extra tube ( total 
of eight plus rect.). ( 8) More 
compact. 

Other wanted features include: 
Range of 540 kcs. to 40 Ines. in 4 
bands. Tuned R.F. stage. Two I.F. 

<Z> 

stages, 2 audio stages with phono 
input and 2-position tone control. 
Built-in-speaker. Separate high 
frequency oscillator. Sensitivity 
control. Series valve noise limiter. 
Headphone jack. Standby-receive 
switch. 

CONTROLS: Ant. trimmer, main tun-

ing, bandspread, sensitivity, receive-

standby, band selector, ANL-OFF, 

tone, AM-CW, pitch, vol.-A.C. OFF. 

TUBE COMPLEMENT: 6BA6, r.f.; 

6BE6, mixer; 6C4, h.f. ose.; 6BD6, 1st 

i.f.; 6BD6, 2nd i.f.; 6AL5, 2nd det., 

AGC, ANL: 12AX7, 1st aud. and c.w. 

ose. ; 6AQ5, aud. output; 5Y3/GT rect. 

SW-54 $59.9.5* 

THE emiroteekwee. 
I re' 

COVERAGE: Entire frequency range from 540 kc. to 30 mc. 
in 4 hands. Voice, music or code. 

FEATURES: Sensitive and selective superhet circuit, using 
new ininature tubes. Slide rule general coverage dial with 
police, foreign, amateur and ship bands clearly marked. Unique 
plastic bandspreaél dial is adjustable to assure logging ac-
curacy o'er entire range. Built-in speaker and power supply. 

CONTROLS: Main tuning and Bandspread, On-Off and Vol-
ume. Here ve-Szandby. Bandswitch, AM-CW, Speaker, Phones. 

TUBE COMPLEMENT: 12BE6, converter; 12BA6. CW ose. 
IP amp: 12AV6, 2nd det., 1st ud., AVC; 5005, audio output; 
3625, rectifier. 

SIZE: 11" wide, 7" high, i" deep. 

NATIONAL COMPANY, INC. 

4 



HRO- y $533.50* v... :Peaked 

Greatest Tuning Range 

and Best Sensitivity of 

Any Commercial Receiver! 

COVERAGE: 50-430 ke, 480 kc-35 inc. And 50-54 me. Voice, 
W. N FM ( wit L adapter). 

FEATURES: Eelgt•-lighted, direct frequeney-reading si-ale 

svith One rIllIne ¡ Ti view al it time. 3 1.1e. stag,- at 156 Les. 

eloploying 12 permeability-tuned eireuits ill all bands p!iis 

one I. I'. stagi• at 2010 kes. on all frequencies /1110Ve 7 rocs. 
Switehing is done autionativally is hen i, il set is plugged 

in. Built-in. i',111/liell Ill'aVy-duty iiinver supply. Sensitivity 

of 1 inv. or better at ti Seleetivity variable 

from S Le. overall to app. 1200 11 ,-. at 10 ( lb. Current-
regulated high frequeney oscillator and ,1,01111 eortvertet 

heaters. Voltage-regulated high frequency oscillator and 

S-usieter at,, Negl gille drift after wartii-up. 

dial for logging. Provision for erystal calibrator unit. Variable 

ant. trinisnet. Lively S-ineter. tubes in front end and 

high freq. ose. Ose. eireetits not disabled when receiver in send 

position. High-lielelity push-pull audio I* 2,11, 50 15,000 

cps.) with phono jack. IWO switch separated front liF0 

freq. control. Illumination d r control. Accessory socket 

61 SHERMAN 

for Seleet-O-Jeet. Smooth gray fink-là (table and rack). 

CONTROLS: Itanelswiteli, Oscillator. Tone, Ant. Trimmer, 

Dimmer, A VC, I. 'ter, A F Gain, Calibration. ( WO, 

Phasing, Selectivity, Ott-OIT, 11F gain, AM-NV:H-1'110N°. 

TUBE COMPLEMENT: 613A6, 1st r.1.; 61LA6, 2nd r.f.; filtEli; 

mixer; 6C4 ILL oseillator; filtE11, 2nd high-frequeney cony.; 

6807. 1st if.: IISG7, 2nd if. ; 6507. 3rel if. ; 6116 (let. (rz 

AVC. 6116, AM.; 65.17. 1st audio. 65N7. pha.se. spfitter and 

S-meter amp.: liv(;GT ( 2) p.p. audio; 5V4G, wet.; 68.17, 

BFO; 0112, volt reg. 4H4 Ose. Fil. Cur. Reg. 

NC-183D $383.50* (less speaker) 
'Highest Price' Features Yet Almost $120 Less! 
COVERAGE: Continuous from .540 kcs. to 31 Rum. plus 48 
to 5)1 Ines. for 6-meter reception. 
FEATURES: Two tuned II. F. staws. Dual conversion 011 3 
highest I .U1111,. Vo rage regulated use. and BFO. Main tuning 
dial eovers range in five bands. Banelsprea(i dial calibrate.d 
for amateur 80. 40, 20. 15, 11-10 and 6-meter barals. 
spread usable over entire range. Six-positiem cry,t al Ill ter. 
New-type. noise. limiter. High fidelity push-pull audio. Ac-
cessory socket for NFM adaptor or other unit, such as 
crysttil ealibrator. 
CONTROLS: CWO, Switch, MO pitch, Tone. AF Gain, Main 
Tuning, liandspread. Ant. Trimmer, Bandawitch, Send-
Receive( Pliono-liadie, Selectivity, Phasing, Li lll iter, HF Gain. 
TUBE COMPLEMENT: 1st r.f.; tiltA6, 2nd r.f.; 2-61tE6 
first :ind el converti-r: :14iltAti IF.: 1-6A1.5 second (let.-
Ave H I r, \ AV(' ose.; 1-6A1,5, 
limit. r ',Ai' first audio; 1-6.15, phase inv,rter; 2-6V6GT, 
audio it I - 01t2, voltage. reg.; 1-51.74G, rect. 

NC-125 $199.95* (less speaker) 
Tilt Only Re ce un r With the Famous Select-
0-Ject Circuit — Yet Moderately Priced! 
COVERAGE: 300 kes. to 35 Inc. in 4 bands. Voice or CW. 
FEATURES: direet-reading settle with amateur, 
police, foreign. ship fr..emencies clearly marked. Sensational 
Nat onal ENeeptional sensitivity on till 
bands. S-Ineter read- SO to 50 inv. sugnal. A V(', A X L, jack 
for phono or NI:NI , l, tir. volt. reg., stabir zee' ose., audio 
essentially that to 10.000 c.p.s. 
CONTROLS: Main Tuning, Itandspread, Freq. (SO.B Boost 
(SW), CWO-MI VC-A V('-.INL, AF 
Gain, Tone, Trininier. Itandswitef.3, Ill" ( lain. 
TUBE COMPLEMENT: tISO7 11F anàp.. 1151-7-t-
6507 1st IF, nSG7 2nd IF. 0110 2tal , let-.\ V( *-A NL. 681..7GT 
phase shifter. ilS1.7GT boost- reject sod. atop., (;s1,7GT 1st 
(»pi-( 'w(), tiVGGT and. output. OD3 V11-150 volt. reg., 
5V3(iT 

*Slightly higher west of the Rockies 

STREET, MALDEN, MASS. 
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NATIONAL 
COIL FORMS 

XR-50. These mica-filled bakeiite coil 

forms may be wound as desired to pro-

vide a permeability tuned coil. The form 

winding length is 11/16" and the form 
winding diameter is 14 inch. The iron 

slug is Ni" dia. by 1/2" long. 

XR-51. same but with brass slug. 
High-grade ceramic coi i forms conform-

ing to , AN specincotions. May be 

wound as desired to provide a perme-
ability,uned coil. Extra lugs provided. 

XX.-cie Grooved for #26 wire with iron 

s7ug. 

XR-el Grooved for #26 w7re with brass 

slug. 

/.8-6:: Not grooved, wind:ng length 134" 

with iron slug. 

XR-63 Not grooved, winding length 11/4" 

with brass slug. 

XR-7C Grooved for # 19 wire with iron 

slug. 

XR-71 Grooved for # 19 wire with brass 

slug. 

XR-72 Not grooved, winding length 1" 
with iron slug. 

XR-73 Not grooved, winding length 1" 
with brass slug. 

COUPLINGS 

TX-1. Leakage path t". 

TX-9. This small insulated flexible 
coupling provides high electrical effi-
ciency when used to isolate circuit,. 

Insulation is steatite. 154." darn. Fits 
I/4" shaft. 

TX-10. A very compact insulated (.011. 
piing free from backlash. Insulation 
is canvas bakelite. I-1/16" dam. 

Fits I/.." shaft. 

TX-19. A steatite insulated flexible 
coupling for 1/4" shafts. l'onser.a. 
lively rated at 5000 volts peak. Di-
ameter length I". Length and 
flashover voltage can he increaSt'll 

by turang ....liars outboard. 

TX-23. A deluxe insulated flexible 
coupling designed for coupling 
shahs. Will handle a maximum radial 
misalignment of 1/16" also 2 degrees 
maximum angular misalignment. 

TX-1 

Ii— ' 1 /32"—ei 

1g-1 St / I 6' • B• 

TYPE CORE "A" DIM. "11" DIM. 

XR 80 BRASS 1, a " 17/64" 

XR 81 IRON 1. - 17/64" 

XR 82 BRASS 13/4 " 17/64" 

XR 83 IRON 11/4 " 17/64" 

:ilt 90 BRASS 3/4 " 

XR 91 IRON 1, 4 " 3/e" 

XR 92 BRASS 13/4" 3/4" 

XR 93 IRON 11/4 " 3/4" 

Small ceramic coil forms de-
signed primarily for high 
frequency applications and con-
forming to government specifi-
cations. Call form is Grade L4 
ceramic (JAN 1-10); base is 
silver-plated brass; core is brass 
or iron. Supplied with two nylon 
rings to separate coils if more 
than one is wound on same 
form. Small hoes in rings can 
be used to secure leads. 

SAFETY GRID AND PLATE CAPS 

SPP-9. Ceramic Insulation. Fits 

9/10 diameter. 

SPP-3. Ceramic insulation. Fits 
:y,," diameter. National Safety Grid 
and Plate Caps have a ceramic 

body which offers protection 
against accidental contact with 

high voltage caps on tubes. 

GRID AND PLATE GRIPS 

Type 12, for 9/16" Caps. 

Type 24, for N." Caps. 

Type 8, for 3/4" Caps. 

National Grid and Plate Grips 

provide a secure and positive con-
tact with the tube cap and yet are 
released easily by a slight pressure 

on the ear. 

12 

'rite Dept. 830 for complete catalog or detail drawings of parts adrereised 
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COMPONENTS 
PRECISION-WOUND R.F. CHOKES 

R- 100U R-100 R-100$ R-100ST 

R-100 R- 100U R-1005 R- 1005T 

These RF chokes are identical eh, t It•ally. but differ in n lllll nt-
ing provisions. The R-100 employs pigtail leads: the It- 100U 
has pigtail leads and a removable stand-off insulator; the 
It- 1 00S has cotter- pin lug terminals and a non- removable 
stand-off insulator; the R-100ST has a ti- 32 threaded stud 
at each end. These chokes are available in 2.5, re and 10 
millihenry sizes and are rated it 125 milliamperes. 

R-300 R R- 300S R-3005T 

R-300 R- 300U R- 300S R-300ST 

Tho-se RE chokes t,, lar in size ti, R-100 series but have 

higher ruer-nt 'tr. The 11-3 00 (I is provided with a re-
movable stanol-oll Insulator at one end. The R-3005 has a 
non-renmvable stand-off insulator and cotter- pin lug terminals. 
The 12-300ST has a ti- 32 threaded stud at each end. Induc-
tance values of 0.5. 1.0, 2.5 and 5.0 millihenries aro- availablo-
with a current rating of 300 milliamperes, R-300. It- 3011C, 
12-300S and R-300ST are identical electrically. 

DIALS, MECHANISMS AND KNOBS 
HRS-2 HRS-3 HR 

MRS ( gray or black) The HRS series knobs are a 

popular easy to grip knob. They are molded of high 
quality plastic and have 1%" dia, chrome plated bevel 
skirts fit 1/4" shafts available in the following scales: 

HRS-1 
HRS-2 

HRS-3 
HRS-4 

HRS-5 

ON-OFF 
5-0-5 

0-10 

Single etched line 
0-10 

through 30° 

through 180° 
through 300 ° 

through 180 ° 

HR ( gray or black) An HRS type knob without the 
chrome plated skirt but with a white dot for spotting 

relative control settings. 

Z .NATIONAL COMPANY, INC., 61 SHERMAN STREET, MALDEN, MASS. 

CAPTIVE NUTS 
Nationtd Captive Nuts 

of stainless steel may be 
pressed into aluminum 

and certain types of 
brass sheet metal to 

provide integral flush-
mounted tapped holes 

in a wide variety of 
sizes. Four basic types 
have been designed for 
metal thicknesses of 
1/16", 3/32", 14,", 3/16" 

and 14'. 

B-33„ The R-33 senit's chokes are 2-
section RI' chokes tovailable in 10, 50, 
100 ami 750 mierithenry sizes. Also avail-
able iot t his series is a single layer solenoid 
odnike of I microhenry inductance. All are 

R-152 rated : it 100 milliamperes. the chokes 
are mould on a 5 ." long form tind range 
iot di. - ter up ti, 5/1 ti'' maxim . 

R-50, R-50-1. The R-50 series chokes are 3 find 1-section RF 
chokes and tr.-ail:11,1e in 0.5. 1. 2.5, and lii millihenry sizes. 
l'hey are rated at 100 mill:min.-res. The chokes are wound 
on a 1" long forni told have a maxim ttttt alit der of 15/32". 
The 10 millihenry It- 50-1 choke is wound on in iron core. 

R-152. For tase in the range between 2 and .1 Me . Ideal for 
high pi,wer transmitter stago-s operated in the SO meter 
  t tear band. Inductance .1 in.h., ¡ ut  resistance 10 ithin,s_ 102 
carrent 1100 nia Coils I  Neinnb wound on steatite core. 

AM 

HRT-M 

N 

HRT-M. This smaller version of the HRT — now 

available in choice of gray or black — is 1-7/16- in 

diameter. 

AM Dial. The original "Velvet Vernier" mechanism 

in a metal skirted dial 3" in dia. ratio 5 to 1. It is 
available with 2, 3, 4. 5 or 6 scale and fits 14" shaft. 
Mechanisms also available separately. 

N Dial. The four- inch N and AD Dials have engine 

divided and die stamped scales respectively. The N 

Dial has a decimal vernier: the AD Dial employs a 
pointer. The planetary drive has a ratio of 5 to 1, 

and is contained within the body of the dial. 2, 3, 4, 
5 or black scale. Fits t/4" shaft. Specify scale. 

1419.1 KNOB. This straight knurl brass satin 
chrome finished knob with arrowhead fits 1/4" 
shalt, See mitalog for dexeription. 
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That tiny metal "spider" may change the very shape of communications in a 

year or so. It's a transistor, of course, the device that's hailed os the successor 

to the vacuum tube. And, as you would expect, Hallicrafters is among the 

leaders in experimentation with this remarkable electronic phenomenon. 

Transistors aren't ready yet. To date it has been impossible to design them 

with the degree of accuracy, electronically speaking, or the sensitivity of the 

vacut-rn tube. Probably they will never completely replace tubes, anyway. In 

most applications their use is not justified. But where space is at a premium, 

where weight and power must be limited, as in the case of portable equipment 

or aircraft communications, they will be invaluable. 

Transistor research is just one more example of a long Hallicrafters tradi-

tion. It is a tradition of engineering leadership unmatched in the field. And 

his is important to you as a radio amateur, because the best of Hallicrafters 

engineering thinking is lavished on the equipment that goes to you— our first 

and most important customer. 

Take a look at the equipment and specifications on the succeeding pages. 
You'll see what we mean. 
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hallicrafters SX-88 
everyone a necessity today! 

1. Full precision gear drive for main and band spread 
tuning. 

2. Six position Band Width Control (selectivity) from 

250 cycles to 10 kc. 

3. 10 watt inverse feed back and push-pull audio 

output. 

4. Exhalted B.F.O. for tops in single side band recep - 
tion. 

5. Buffer amplifier in B.F.O. circuit. 

6. Antenna trimmer. 

7. Amplified and delayed A.V.C. 

8. Local oscillctor circuits individually temperature 
compensGted for each band. 

9. Built-in 100 kc calibration crystal. 

10. Second conversion oscillators crystal controlled. 

11. A. V. C. operates for CW reception. 

12. Inertia tuning ( fly wheels both dials). 

13. Full frequency coverage from 535 kc to 33.3 Mc. 

14. Calibrated electrical bandspread 160, 80, 40, 20, 

15, 11 and 10 meters. 

/ S. Logging scales on each tuning shaft. 

16. Dial locks on each tuning shaft. 

17. Tuning dial indicators resettable from front panel 
for maximum calibration accuracy. 

18. Auxiliary AC socket on rear of chassis. 

19. Illuminated band-in-use indicator. 

20. Illuminated 5 meter. 

21. Dual S meter calibration S units and microvolts. 

22. Auxiliary power socket plus .6 amps at 6.3 volts 

and 10 ma at 150 volts for accessories. 

23. Standard 834" by 19" panel for rack mounting if 

desired. 

24. 50 kc i-f output jack via cathode follower for tele. 
type converter, oscilliscopes, etc. 

25. Five position response control (tone control). 

26. Two r-f stages. 

27. 17 tubes plus voltage regulator, current regulators 
and rectifier. 

FRONT PANEL CONTROL 

Main tuning. 

Bandspread. 

Bond Selector 6 positions. 
Volume: 0-10 and AC/off. 

Band width in kc: 10, 5, 21/2 , 1%, .5 and 250 

Pitch: (B.F.O.) 

Response: Bass Boost, High Fidelity, Normal, 
Communications. 

Antenna trimmer ' 5-0-5. 
Sensitivity 0-10. 

FRONT PANEL TOGGLE SWITCH 

Noise limiter on/off. 

A.V.C. on/off. 

Calibrator on/off. 
Receiver standby. 

C.W.-AM-SSSC (single side band suppressed 
carrier). 

CHASSIS REAR 

Speaker terminals 3.2/8/500-600 ohms. 

Antenna terminals 52-600 ohms. 

AC Accessory socket 117 volts at 250 watts. 

Power socket-Octal for external power supply to 
receiver, such as batteries, and in addition this 
socket supplies 6.3 volts at 600 ma and 150 dc 
at 10 ma for future accessories. 

Audio Input-phono jack. 

Fuse holder for AC power circuit. 

FREQUENCY RANGE (Main tuning dial) 

Band 1-535 to 1710 kc. 

Band 2-1690 to 3080 kc. 

Band 3-2980 to 5570 kc. 

Band 4-5370 to 10,000 kc. 
Band 5-9.8 to 18.3 Mc. 

Band 6-17.8 to 33.3 Mc. 

SENSITIVITY 

Bands 2-6-1 microvolt for 1/2 watt output. 

1 microvolt for 10 db signal to noise 
ratio. 

Band 1 - 10 microvolts for 1/2  watt output. 

IMAGE REJECTION 

Not less than 80 db on frequencies lower than 20 Mc. 

Not less than 60 db on frequencies from 20 to 30 Mc. 

SPURIOUS RESPONSES (IF and oscillator tweets) 

Not less than 80 db except at 1700 kc where it is 

not less than 50 db. 

BAND WIDTH (Selectivity) 

6 db 
Position (nose) 

10 kc 10 kc 

5 kc 5 kc 

2.5 kc 2.5 kc 

1.25 kc 1.25 kc 

.500 kc 500 cps 

.250 kc 250 cps 

60 db 
(skirts) 

21 kc 

15 kc 

7.5 kc 

3.75 kc 

1.50 kc 

850 cps 
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hallicrafters 
model HT-20 

AM-CW transmitter 
This Hallicrafters 100 watt AM-CW Trans-
mitter is the modern successor to the HT-9 
known throughout the world for reliability, 
ruggedness, flexibility and lowest cost for 
maximum dependable watts per dollars. 

Performance: T.V.I. suppressed— com-
pletely shielded and filtered rf compart-
ment plus built-in low-pass 52 ohm coaxial 
line output filter provides 90 db or greater 
suppression of all frequencies higher than 40 
Mc. 100 watt AM phone output. 

Frequency Coverage: Continuous cover-
age from 1.79 to 30 Mc. 

Components: Heavy duty commercial type 

power and modulation transformers. All parts 
rated for commercial service conditions. 

Controls: Full band switching. No plug-in 
coils— choice of 10 crystals— ail controls on 
front panel. 

Tubes: Seven rf and audio tubes plus 5 
rectifiers. 

Physical Data: Cabinet size- 20 inches 
long, 121/2  inches high, 171/4  inches deep— 
panel size for rack mounting- 19 x 101/2  
inches. Shipping wt. 130 lbs. For 105-125 V. 
60 cyc'e. 

Model HT- 20 Transmitter . .$44950 



hallicrafters 
model 

the finest in 

Here, from Halicrafters world-famous short wave 

laboratories, is a superb communications receiver 

—the SX-73, proud successor to so many famous 
top-quality Hallicraf-ers rece;vers. Absolutely with-

out equal in its combination of ruggedness, sensi-

tivity, stability, selectivity, resettability, and image 

and i-f rejection. Based on an original design de-

veloped by Halicrafters for the armed forces for 

universal use all over the world, this new receiver 

will surpass all others in versatility, dependability, 

performance and value. 

Performance: Corrinuous frequency coverage 

540 kc to 54.0 Mc. Two r-f, two i-f stages. Dual con-

version above 7 Mc; second beat oscillator ;s crystal 
controlled. Choice of six pretuned crystal controlled 

channels in range 1.5 to 30 Mc. Single tuning knob 
turns nain and bardspread dials (6 to 1 ratio be-

tween the two); 50 to 1 tuning ratio. Resettability 

accurate to within 30 cycles per megacycle. Selec-
tivity variable 14.5 kc to 300 cycles at 6 do down. 

Sensitivity less than 2 microvolts for .5 watts output. 

Signal to noise ratio 10 db for 2 mv inout. Image 

rejection 80 to 120 db. I-f rejection not less than 

SX-73 

versatility-

60 db. AVC circuit will hold up to one volt w thout 

overload. Series type noise limiter. Carrier level 

meter. Audio response plus or minus 11/2 db from 

300 to 3500 cycles. 

Controls: Tuning knob with dial lock; Band Se-

lector 540-1350 kc, 1 35-3.45 Mc., 3 45-7.00 Mc., 

7.00-14.4 Mc., 14.4-29-7 Mc., 29-7-54.0 Mc; r-f 

Gain and AC on/off BFO Pitch, Xtal Phasing, 6-pos. 

Xtal Selectivity, 6-pos. Xtal fixed-frequency channel 

selector, of Gain, Xtal tuning Vernier; Rec./Stand-

by, BFO, AVC, and ANL switches; BFO injection 

control and carrier meter adj. on rear. 

Physical Data: -wo-tone gray steel cabinet with 

satin chrome trim. Piano hinge top. Size 20 in. wide, 
11 in. high, 18'? in. deep. 

External Connections: Antenna Input 50 to 200 
ohms throughout tuning range. Output 600 and 50 

ohms. For 50/60 cycle current at 75, 105, 117, 130, 
190, 210, 234, or 260 volts. 

17 tubes plus voltage regulator, current regula-
tor and rectifier. 

Model SX-73—Use R-46 Speaker . . $97500 
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hallicrafters 
model SX-62 

all-wave high fidelity 

The world's finest receiver for the All-Wave lis-

tener. Uneaualled in coverage and performance on 
all wave bands—Standard 3roadcast, Short-Wave 

or FM Continuous coverage from 540 kc to 109 Mc. 

Hcving basically the same chassis as a fine commu-

nications receiver, the SX-62 provides communica-

tions.receiver performance in simplified form. A 

single tuning control covers the wide-vision dia'. 

Orly one band lights up at a time— you always 

know just where you are tuning. In addition a 500 

kc crystal calibration oscillator is built in, enabling 

you to adjust 'he dial pointer to show the exact 

frequency being tuned at any time. 

Performance: Continuous AM reception 540 kc 

to 104 Mc; FM band 27-109 Mc. Temperature com-

pensated, vol'age regulated. Two RF, three IF 

stages; dual IF channels ( 455 kc and 10.7 Mc). 

Audo flat 50-15,000 cycles; 10 watt push-pull 

output. 

Controls: Band Selector 540-1620 kc. 1.62-4 9 

Mc, 4 9-15 Mc, 15-32 Mc, 27-56 Mc, 54-109 Mc; 

Receive/Standby, Calibration Ose. On/Off, Noise 

Limiter, Tuning, AF Gain, Phono/FM/AM/CW, six-
position Selectivity, four-position Tone, RF Gain, 

Calibration Reset. 

Physical Data: Satin black steel cabinet with 

satin ch,ome trim. Top opens on piano hinge. Cabi-

net 20" wide by 1014" high by 16" deep. 

External Connections: DoubIet or single wire 

antenna. 500 and 5000-ohm outpu's. Phone jack. 

Phonograpi input jack. Socket fcr external power 

a-id Remote control connections. 105-125 V. 50/60 

cycle AC line. 

14 Tubes plus Voltage Regulator and Rec-

tifier: Two 6AG5 RF Amps., 7F8 Cone., 6S.<7 IF 

Amp., 6SC7 IF Amp., 6SG7 IF Amo., 6SG7 FM 

Limiter and AM Det., 61-16 FM Det., 6J5 BFO, 6H6 

ANL, 6SL7 AF Amp., two 6V6 Push-Pull Output, 

6C4 Colibration Osc., VR-150 Regu'ator, 5U4G 
Rectifier. 

Universal Model SX-62U: Same as above only 

for 115/250 volts, 25/60 cycle AC. 

Model SX-62 or SX-62U   $34995 
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hallicrafters 
model SX-71 

command 

From the Hams at Hallicrafters to Hams everywhere 
comes this top-performing receiver in the medium 
price class. Extra sensitivity, selectivity, ana stabil-

ity, definitely superior image rejection with double 
superheterodyne draft, plus built-in Narrow Band 
FM reception. Extra wide dials for main and band-
spread tuning. Surpasses in ham performance 
many receivers priced considerably higher. 

Performance: Continuous AM reception from 538 
kc to 34 Mc, and 46 to 56 Mc. Built-in limiter and 
balanced detector stages for hiss-free NBFM recep-
tion. Double conversion (2075 and 455 kc i-f chan-
nels) gives image rejection of better than 150 to 1 
at 28 Mc. Temperature compensated, voltage regu-

lated. One r-f, two conversion, and 3 i-f stages 
yield nigh gain for sensitivity of .7 microvolts with 
50 milliwatts output. Audio peaked for communica-
tions frequencies, with 3 watt output. 

Controls: Bard Selector 538-1650 kc, 1600-4800 

kc, 4.6-13.5 Mc, 72.5-34 Mc, 46-56 Mc. Separate 
main and Bandspreacf tuning controls; bandspread 
dial calibrated for 80, 40, 20, 15, 10, and 6 Meter 

performance 

Bands. BFO Pitch 3-position Selectivity, Crystal 

Phasing, Tone, a-f Gain and r-f Gain controls. ANL, 
BFO, and Receive/Send switches. "S" Meter ad-
justment on rear. 

Physical Data: Satin black steel cabinet with 
chrome trim. Piano hinge top. Size 181/2" vc,cle by 
8?a" high by 12" deep. Ship. wt. 33 lbs. 

External Connections: Use doublet or singe 
wire antenna. 500 and 3.2 ohm outputs for sep-
arate speaker. Phone jack. Socket for external 
power supply. Connections for remote control. For 
105-125 yes 50/60 cycle AC. 

11 Tubes plus Voltage Regulator and Recti-
fier: 6BA6 r-f Amp., 6C4 Osc., 6AU6 Mixer, 613E6 

2nd Cony., three 6SK7 i-f Amps., 6H6 ANL and 
delayed AVC, 6SC7 BFO and a-f Amp., 6AL5 Det., 
6K6GT Output, VR-150 Reg., and 5Y3Gr Rect. 

Universal Model SX71U: Same as above only 
for 115/250 volts, 25/60 cycle AC. 

Model SX71 or SX7:U   $24995 
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hallicrafters 
model S-76 

double superhet 

Double conversion receiver, double superhet with 

50 kc second i-f and 4-inch "S" Meter. 

Performance: Continuous coverage 538-1580 

kc and 1.72-32 Mc. Double conversion eliminates 
images. 50 kc second i-f gives excellent " skirt" se-

lectivity with " nose" selectivity variable from 5.6 

kc down to 500 cycles. Temperature compensated, 
voltage regulated. One r-f, two conversion, and 

two i-f stages. 2'2 watts output. 

Controls: Band Selector 538-1580 kc, 1.72-49 

Mc, 4.6-13 Mc, 12-32 Mc; Separate Main and Band-

spread tuning; bandspread calibrated for 80, 40, 

20, 15, 11, 10 meters; five- position Selectivity with 

phono switch built in; BFO Pitch; full-range Tone; 
AVC, BFO, ANL, Rec./Standby switches. " S" Meter 

adjustment on rear. 

Physical Data: Satin black steel cabinet with 

plostichrome skirts. Piano hinge too. Size 181'2" 

wide, 878" high, 9'2" deep. Ship. wt. appr. 46 lbs. 

External Connections: Use doublet or single 

wire antenna. 500 or 3-2 ohm outputs. Phone jack. 

Phono input jack. Connections for external power 

and remote control. Mounting holes provided for 

coax connector. For 105-125 volts 50/60 cycle AC. 

9 Tubes plus Regulator and Rectifier: 6CB6 

r-f Amp., 6AU6 1st Cony., 6C4 Osc., 6BA6 1st i-f, 

613E6 2nd Cony., 6BA6 2nd f, 6AL5 Det., ANL, 

6SC7 BFO, 6K6GT Output, VR-150 Reg., 5Y3GT 

Rect. 

Model S76-AC   

hallicrafters 
model S-406 
ham favorite 

Superior performance. Complete with PM speaker. 

Performance: AM reception 540 kc to 43 Mc. 

Temperature compensated oscillator. One RF and 

two IF stages. Audio response to 10,000 cycles. 

Controls: Band Switch 540-1700 kc, 1700-5300 

kc, 5.3-15.7 Mc, 15.7-43.0 Mc. Main tuning in Mc; 

bandspread dial has arbitrary scale. AF and RF 

Gain controls; AVC, BFO, and Noise Limiter 

switches; three-position Tone, BFO Pitch, and Re-

ceive/Standby controls. 

Physical Data: Satin black steel cabinet. Size 

1812" wide by 8?a" :iigh by 91,Z" deep. Ship. wt. 
32 lbs. 

16 

$19995 

Exterrnal Connections: Doublet or single wire 

antenna. Phone jack. S-40 uses 105-125 V. 50/60 

cycles AC only. S-77A uses 105-125 V. DC or 50/60 

cycle AC. 

7 Tubes plus Rectifier: ( in S-40B) 6SG7 RF Amp., 

65A7 Cony., two 65K7 IF Anps., 6r16 ANL and 

AVC, 6SL7 BFO and Det., 6K6GT Output, 5Y3GT 

Rectifier. 

Model S-40B 

Model S-77A 

  $12995 
  $12995 



hallicrafters 
model S-53A 

top performance 

—small size 

Unquestionably the finest small communications re-

ceiver built. Several steps better than the S-38C but 

not as good as the S-40B. Complete in itself, with 
built-in PM speaker. 

Performance: Coverage 540-1600 kc, 2.6-31 Mc 

plus 48-54.5 Mc. Two stages IF amplification. 

Controls: Main tuning in Mc; separate band-

spread dial with logging scale plus Mc calibration 
for 48-54.5 Mc band; Receive/Standby switch; 

Band switch 540-1630 kc; 2.5-6.3 Mc, 6.3-16 Mc, 
14-31 Mc, and 48-54.5 Mc; AM/CW; RF Gain, 

Noise Limiter, AF Gain, two- position Tone; 

Speaker/Phones switch on rear. Illuminated dial. 

Physical Data: Satin black steel cabinet with 
chrome trim. Top opens on piano hinge. Size 12 78" 

wide by 7" high by 734" deep. Ship. wt. 19 lbs. 

External Connections: Doublet or single wire 
antenna. Phone tip lacks. Phonograph input jack. 

105-125 V. 50/60 cycle AC line. 

7 Tubes plus Rectifier: 6C4 Osc., 6BA6 Mixer, 
two 6BA6 IF Amps., 6H6 Det., AVC and ANL, 

6SC7 BFO and AF Amp., 6K6GT Output, 5Y3GT 
Rectifier. 

Mode S-53A   $9995 

hallirrafters 
model R-46 

communications 

speaker 

Matching 10" PM speaker for use with Hallicrafters 

Communications receiver SX-71, SX-73, SX-62, or 

S-76. 80 to 5,000 cycle range. Matching trans-

former with 500/600-ohm input. Speaker voice 

coil Impedance, 3.2 ohms. 

Black steel cabinet matches SX-71 and other 

Hallicrafters cabinets. Cloth covered metal grill. 
15" x 107a" x 10?8" deep. Ship. wt. 17 lbs. 

Mode: R-46 Speaker   $24/5 
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hallicrafters 
famous S-38C— 

biggest buy in SW 

The lowest oriced communications receiver on the 
market . . . with many features found in much 
higher priced sets. Standard Broadcast plus three 
Short-Wave bands. Built-in PM speaker. 

Performance: Continuous AM reception 540 kc 
to 32 Mc. Maximum sensitivity and selectivity from 
expertly engineered chassis. 

Controls: Main tuning in Mc; separate electrical 
bandspread dial with arbitrary scale; Speaker/ 
Phones, AM/CW switches; Bald Switch 5411650 
kc, 1.65-5 Mc, 5-14.5 Mc, 13.5-32 Mc; AF Gain, 
Receive/Standby. 

Physical Data: Steel cabinet in gray hammer-

tone finish. Size 12 74" wide by 7'' high by 73/4" 
deep. Ship. wt. 14 lbs. 

External Connections: Doublet or single wire 
antenna. Phone tip jacks. 105-125 V. DC or 50/60 
cycle AC. 

4 Tubes plus Rectifier: 125A7 Cony., 12SK7 IF 
Amp. and BFO, 12SQ7 Det. and AVC, 50L6GT 
Output, 35Z5GT Rectifier. 

220-Volt Line Cord: Available separately. 
Works for AC or DC. 

Model S-38C  $5995 
Line Cord for 220 V. Operation . $200 • • 
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hallicrafters 
model ST-83 

finest hi-fi FM-AM 

tuner 

This AM/FM Super- Fidelity unit carries the UL 

seal of approval and meets the F.C.C. specifica-

tions on oscillator radiation. Phono inputs, built-in 

pre-amp., accessory inputs for TV, tape recorders, 

etc. Dual outputs; medium and low impedance, 

tone controls; bass 12 db, treble 12 db. 

Accessory power sockets dual at 200 watt 117 
volts each. Tubes 6CB6 FM r-f amplifier, 12AT7 

FM osc. converter, 6CD6 AM r-f amplifier, 66E6 

AM osc. converter, 6BA6 1st i-f amplifier 10.7 Mc, 

6BA6 2nd i-f ampIrrier 455 kc and 10.7 Mc, 6BA6 

3rd i-f amplifier, 6AL5 FM detector, 6AV6 AM de-

tector and phono ore-amplifier, 6C4 cathode fol-

lower, 12AU7 audio tone control amplifier, 6AX5 

rectifier. 

Black steel with silver finish trim and chrome 

lite base 14" x 172" x 9'2" deep. Ship. wt. 18 lbs. 

Ten tubes plus rect fier. 

For 105/125 V. 50/60 cycle AC . • 512995 

hallicrafters 
model A-84 
widest range 

hi-fi amplifier 

The perfect mate for any AM/FM tuner. Exclusive 

output transformer giving widest range ever pro-

duced. Frequency range, 10 to 100,000 cycles per 
second at 10 watts (with perfect uniformity) and 

harmonic distortion of less than 0.25% at 10 watt 

level. Power output of 15 watts maximum. 

Mineral oil impregnated coupling condensers, 

power supply input condenser oil filled. 

Chrome lite chassis base 13'2" x 743" x 131/2 " 

deep. Ship. wt. 26 lbs. All five tubes triode. 

For 105/125 V. 50/60 cycle AC . . $9950 
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hallicrafters 
The Littlefone series of equipment are FM two-way 

radio telephone units operating at 25-50 Mc or 

144-174 Mc. Both the receiver and transmitter are 

crystal controlled and a total of 22 sub-miniature 
tubes are used. The complete portable model with 

antenna and telephone hand-set weighs only four-
teen pounds and will operate for more than eight 

hours on the self-contained rechargeable storage 

batteries. Models for AC power line and 6/12 volts 

littlefone - portable 

radio-telephone 

DC operation employ the same r-f chassis as the 
portable units but un audio power output stage 

is added to drive the loud speaker. Adjustable 
squelch controls are available on all models. Power 

outputs 2 watts on 25-50 Mc and 1 watt on 144-174 

Mc. Lower powered wet and dry battery models 
also available. 

Hand Carry from 

Central Station . . . Same performance and 
specifications as Hand Carry unit. Audio-amplifier, 

providing one watt of audio for loud speaker. AC 

operated with power consumption of 35 watts. 

20 

$32495 to $39995 
plus $ 17.12 F. E. T. plus $ 21.93 F. E. T. 

Plugs in any AC outlet of 117 V. Hallicrafters S-81 
receivers may be used as extra stationary stations. 

Central Station   $48500 
plus $ 23.00 F. E. T. 



'lain-afters 
finest SW and broadcast 

portable made 

The Hallicrafters "World-Wide," Model TW-1000, 

the finest short-wave and broadcast portable radio 

made. Superior Standard Broadcast covers 535-
1620 kc plus seven other bands covering 1.7-3.9, 

3.8-8.2, 9.2-10.4, 11.4-12.4, 14.6-15.7 and 17.3-
18.3 Mcs, plus special marine weather band. 

Sleek metal trim on smart leatherette cabinet. 
Full-view, easy to tune, overseas dial—a Hallicraft-

ers exclusive. World-Wide sho-t-wave radio map 

tells you what's on the air. Red indicator for easy 

band identification. Four way tone control. 

Three antennas for maximum performance— 

built- in cop, 64' telescope "whip" antenna, and 
removable " Skyrider" that fastens to car, railroad 

or airplane windows—lets the " World-Wide" play 

anywhere. Simplified contrals include Dynamic Tur-

ret Tuner for accurate band se:ection. Five tubes 

plus rectifier. 105-125 V. AC or DC or battery. 

Model TW-1000   $14995 
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Win-afters 
the plants 

Hallicrafters plants, four of then, are the most mod-
ern in the entire field of electronics. Here skilled 

craftsmen on modern assembly lines produce the 

Halicrafters equ'pm?nt that is known for highest 

quaiity in 89 countris — 'but is f'rst choice cf 33 

governments — that is by idng odds the overwheim-

ing choice of ail of our own armed services. And, 

irics exacting test cf ail, Hailicrafters is the choice 

cf the most critical expert in the world — the Amer-

ican ham operator. 

hallicrafters 
the people 

Companies are only as good as the people that 

work for them. Hallicrafters has, for years, been 

fortunate in the people that have made the corn-

oany great, and have kept it that way. One thing 

makes them unusual — they bring an attitude and 

an interest to their jobs that other men reserve for 

their hobbies. Hallicrafters men are hams at heart 

— and most of them are hams by license. Here's 

what Bill Halligan, Senior, says about his job: 

"The radio ham market," expounds Bill Halligan, 

"today is the most challenging and the most thrill-
ing in all radio. The ham is never fooled by expen-

sive cabinets — he wants every nickel's worth of 
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William J. Halligan 
President 

R. W. Durst 
Executive 

Vice President 

Richard A. Graver 
Vice President 
in charge of 
Marketing 

Jack Halligan 
Communication 

Sates 

W. J. Halligan, Jr. 
Sales Mgr. Radio 11. 
Communications 

John S. Mahoney 
Director of 
Advertising 

Fritz Franke 
Asst. Sales Mgr. 
Communications 

Norm Cooper 
Service Mgr. 

performance in the chassis. And he want‘ th abso-

lute latest in circuit design. In working with him and 
pioneering equipment for him, we feel we are 
building a background for future developments." 



Have you seen it? 

hallicrattere 
o new dimension in picture realism-

a new height in viewing enjoyment! 

Here is television only Hallicrafters could 

produce. Over twenty years of dealing 

with the most exacting of high frequency 

electronics have provided the experience, 

the know-how, the precision manufacturing 

techniques it took to produce these sets. 

And, just as no manufacturer can match 

this Hallicrafters heritage of experience— 

no manufacturer can match this Halli-

crafters TV picture. 

In short, these television sets are exactly 

like what they are— Hallicrafters equip-

ment. If you are thinking of a television set 

—or know anyone that is— remember Halli-

crafters. There is a difference that you can 

see— a superiority that is the envy of the 

industry. 

hallicrafters 
Trorld's Leading Exclusive Manufacturer of Communications and 

High Fidelity Equipment, Radio and Television 

4401 West Fifth Avenue, Chicago 24, Illinois 

Hallicrafters Ltd., 51 Camden Street, Toronto, Canada 
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ONE INCH 

INSTRUMENTATION OSCILLOSCOPE 

Miniaturized, packaged panel mounting cathode 
ray oscilloscope designed for use in instrumentation 
in place of the conventional "pointer type" moving 
coil meters uses the I" 1CP1 tube. Panel bezel 
matches in size and type the standard 2" square 
meters. Magnitude, phase displacement, wove 
shape, etc. ore constantly visible on scope screen. 
No. 90901, less tube  

INSTRUMENT DIAL 
The No. 10030 is an extremely sturdy instrument 
type indicator. Control shaft has 1 to I ratio. 
Vender type counter is direct reading in 99 revo-
lutions and vernier scale permits readings to 1 part 
in 100 of a single revolution. Has built-in dial lock 
and 1/4 " drive shaft coupling. May be used with 
multi-revolution transmitter controls, etc., or through 
gear reduction mechanism for control of fractional 
revolution capacitors, etc., in receivers or laboratory 
instruments. 

No. 10030  

GRID DIP METER 
The No. 90651 MILLEN GRID DIP METER is compact 
and completely self contained. The AC power 
supply is of the "transformer" type. The drum dial 
has seven calibrated uniform length scales from 1.7 
MC to 300 MC with generous over laps plus an 
arbitrary scale for use with special application in-
ductor,. Internal terminal strip permits battery 
operation for antenna measurement. 

Na. 90651, with tube  S 

Additional Inductors for Lower Frequencies 

No. 46702-925 to 2000 KC  
No. 46703-500 to 1050 KC  
No. 46704-325 to 600 KC  
No. 46705-220 to 350 KC  

LABORATORY SYNCHROSCOPES 
The 5" laboratory synchroscopes are available 
with and without detector-video strips. 

Model P-4-2, with tubes  
Model P.4E-2, with tubes  

MINIATURE SYNCHROSCOPE 
the compact design of the No. 90952, measuring 
only 71/4 " u 5%" x 13", and weighing only 17 
lbs., makes available for the first time a truly 
DESIGNED FOR APPLICATION "field serviceSynchroscope. 

No 90952, with tubes  

CATHODE RAY OSCILLOSCOPES 

The No. 90902, No. 90903 and No. 90905 Rock 
Panel Oscilloscopes, for two, three and five inch 
tubes, respectively, are inexpensive bask units 
comprising power supply, brilliancy and center. 
ing controls, safety features, magnetic shielding, 
switches, etc. As a transmitter monitor, no addi 
henal equipment or accessories are required. Th.-
well- known trapezoidal monitoring patterns or,-
secured by feeding modulated carrier voltage 
from o pickup loop directly to vertical plates of 
the cathode ray tube and audio modulating volt-
age to horizontal plates. By the addition of such 
units as sweeps, pulse generators, amplifiers, 
servo sweeps, etc., all of which can be con-
veniently and neatly constructed on companion 
rack panels, the original basic 'scope unit may be 
expanded to serve any conceivable industrial or 
laboratory application. 

No. 90902, less tubes  
No. 90903, lest tubes  
No. 90905, less tubes  

'SCOPE AMPLIFIER —SWEEP UNIT 
Vertical and horizontal amplifiers along with hard-
tube, saw tooth sweep generator. Complete with 
power supply mounted on o standard 51/4 " rock 
panel 

No. 90921, with tubes  

REGULATED POWER SUPPLIES 
A compact, uncased, regulated power supply, 
either for table use in the laboratory or for in-
corporation as an integral part of larger equip-
men ts. Regg lo ,ed, unregulated, bias and filament vol. 
loges prcv ded. 

Model 90201, less tubes  
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STANDING WAVE RATIO BRIDGE 
The Millen S.W.R. bridge provides easy and in-
expensive measurement of standing wave ratio on 
antennas using co-ax cable. As assembled the 
bridge is set up for 52 ohm line. A calibrated 75 
ohm resistor is mounted inside the case for sub-
stitution in the circuit when 75 ohm line is used. 
No. 90671  

PHASE-SHIFT NETWORK 
A complete and laboratory aligned pair of phase-
shift networks in a single compact 2" x 17/16" x 4" 
case with characteristics so as to provide a phase 
shift between the two networks of 90° *- 1.3° over 
a frequency range of 225 cycles to 2750 cycles. 
This unit is equally well adapted for use in either 
single sideband transmitting or receiving equip-
ment. When used in a suitably designed transmitter 
it is possible to obtain o 40 db suppression of the 
unwanted sideband. The No. 75012 precision ad-
justed phase- shift network makes possible the 
building of single sideband equipment without the 
necessity of complicated laboratory equipment for 
network adjustment. 
No. 75012  

R9'er MATCHING PREAMPLIFIER 
The Millen 92101 is on eiectronic impedance 
matching device and o brood-band preamplifier 
combined into a single unit, designed primarily for 
operation on 6 and 10 meters. Coils for 20 meter 
band also available. 
No. 92101, less tubes  

SO WATT EXCITER-TRANSMITTER 
Modern design includes features and shielding for 
TVI reduction, bandswitching for 4-7-14-21-28 
megacycle bands, circuit metering. Conservatively 
rated for use either os a transmitter or exciter for 
high power PA stages. 5763 oscillator- buffer- mul-
tiplier and 6146 power amplifier. Rack mounted. 
No. 90801, less tubes  

VARIABLE FREQUENCY OSCILLATOR 
The No. 9071 I is a complete transmitter control 
unit with 6SK7 temperature- compensated, electron 
coupled oscillator of exceptional stability and low 
drift, a 6SK7 broad-band buffer or frequency 
doubler, a 6A67 tuned amplifier which tracks with 
the oscillator tuning, and a regulated power supply. 
Output sufficient to drive an 807 is available on 
160, 80 and 40 meters and reduced output is 
available on 20 meters. Since the output is isolated 
from the oscillator by two stages, zero frequency 
shift occurs when the output load is varied from 
open circuit to short circuit. The entire unit is un-
usually solidly built so that no frequency shift 
occurs due to vibration. The keying is dean und 
free from all annoying chirp, quick drift, jump, and 
similar difficulties often encountered in keying 
variable frequency oscillators. 
No. 90711. with tubes  S 

HIGH VOLTAGE POWER SUPPLY 
The No. 90281 high voltage power supply has o 
d.c. output of 700 volts, with maximum current of 
235 ma. In addition, a.c. filament power of 6.3 volts 
at 4 amperes is also available so that this power 
supply is an ideal unit for use with transmitters, such 
as the Millen No. 90801, as well as general lab-
oratory purposes. The power supply uses two No. 
816 rectifiers. The panel is standard 83/4 " x 19" 
rack mounting. 
No. 90281, less tubes  

HIGH FREQUENCY RF AMPLIFIER 
A physically small unit capable of a power output 
of 70 to 85 watts on 'phone or 87 to 110 watts 
on C- W on 20, 15, 11, 10, 6 or 2 meter amateur 
bands. Provision is made for quick band shift by 
means of the new No. 48000 series VHF plug-in 
coils. The Na. 90811 unit uses either an 829-8 or 
3E29. 
No. 90811 with 10 meter band coils, less 
tube  S. 

RF POWER AMPLIFIER 
This 500 watt amplifier muy be used as the basis of 
o high power amateur transmitter. The No. 90881 
RF power ornalifier is wired for use with the popular 
"812A" type • Des. Offler 0,DpuIor ruues may be used. 
The amplifier is of unusually sturdy mechanical con-
struction, on o 101/2 " relay rack panel. Plug-in in-
ductors are furnished for operation on 10, 20, 40 
or 80 mete, amateur bands. The standard Millen 
No. 90801 exciter unit is on ideal driver for the 
new No. 90881 RF power amplifier. 
No. 90881, with one set of coils, but less 
tubes  
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PANEL DIALS 
The No. 10035 illuminated panel dial has 12 to 1 
ratio; size, 81/2 " x 61/2 ". Small No. 10039 has 
8 to 1 ratio, size, 4" x 31/4 ". Both are of compact 
mechanical design, easy to mount and have totally 
self-contained mechanism, thus eliminating back of 
panel interference. Provision for mounting and 
marking auxiliary controls, such as switches, po-
tentiometers, etc., provided on the No. 10035. 
Standard finish, either size, flat block art metal. 

No. 10039  
No. 10035  

WORM DRIVE UNIT 
Cast aluminum frame may be panel or base 
mounted. Spring loaded split gears to minimize 
back lash. 
Standard ratio 16'1. Also in 48 I on request. 

No. 10000 —( stote ratio)   S 

DIALS AND KNOBS 

Just a few of the many stock types of small dials 
and knobs are illustrated herewith. 10007 is 13/1 "  

diameter, 10009 is 21/2 " and 10008 is 
No. 10002  
No. 10007  
No. 10008  
No. 10009  
No. 10015  
No. 10018   
No. 1002i   
No. 10065  

RIGHT ANGLE DRIVE 

Extremely corm:x.1, y un provisions for many meth-
ods of mounting. Ideal for operating potentiome-
ter,, switches, etc., that must be located, for short 
leads, in remote ports of chassis. 

No. 10012  

HIGH VOLTAGE INSULATED 

SHAFT EXTENSION 

No. 10061 shaft locks and the No. 39023 insulated 
high voltage potentiometer extension mountings are 
available us u single integrated unit— the No. 
39024. The prover shaft length is independent of 
the panel thickness. The standard shaft has pro-
vision for screw driver adjustment. Special shaft 
arrangements cre available for industrial applica-
tions. Extension shaft and insulated coupling are 
molded as a single unit to provide accuracy of 
alignment and ease of installation. 
No. 39023, non locking type  S 
No. 39024, locking type  

SHAFT LOCKS 

In addition to the original No. 10060 and No. 
10061 "DESIGNED FOR APPLICATION" shaft locks, 
we can also furnisb such variations as the No. 10062 
and No. 10063 for easy thumb operation as illus-
trated above. Pl ," No. 10061 instantly converts any 
plain " 1/4  shaft" volume control, condenser, etc. 
from " plain- to "shaft locked" type. Easy to mount 
in place of regular mounting nut. 

No. 10060  
No. 10061   
Na. 10062  
No. 10063  

TRANSMISSION LINE PLUG 
An inexpensive, compact, and efficient polystyrene 
unit for use with the 300 oltm ribbon type poly-
ethylene transmission lines. Fits into standard Millen 
No. 33102 ( crystal) socket. Pin spacing V2", 
diameter .095". 

No. 37412   

DIAL LOCK 
Compact, easy to mount, positive in action, does 
not alter dial setting in operation! Rotation of knob 
"A" depresses finger 13" and "C" without imparting 
any rotary motion to Dial. Single hole mounted. 

No. 10050  
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TUBE SOCKETS 
DESIGNED FOR APPLICATION 
MODERN SOCKETS for MODERN TUBES! Long 
Flashover path to chassis permits use with trans-

mitting tubes, 866 rectifiers, etc. Long leakage path 

between contacts. Contacts are type proven by 

hundreds of millions already in government, coin• 

mercial and broadcast service, to be extremely 

dependable. Sockets may be mounted either with 

or without metal flange. Mounts in standard size 

chassis hole. All types have barrier between con-

tacts and chassis. All but octal and crystal sockets 

also have barriers between individual contacts in 
addition. 

The No. 33888 shield is for use with the 33008 

octal socket. By its use, the electrostatic isolation of 
the grid and plate circuits of single-ended metal 

tubes can be increased to secure greater stability 

and gain. 

The 33087 tube clamp is easy to use, easy to 
install, effective in function. Available in special 
sizes for all types of tubes. Single hole mounting. 
Spring steel, cadmium plated. 

Cavity Socket Contact Discs, 33446 are for use 
with the "lighthouse- ultra high frequency tube. 
This set consists of three different size unhardened 
beryllium copper multifinger contact discs. Heat 
treating instructions forwarded with each kit for 
hardening after spinning or forming to frequency 
requirements. 

Voltage regulator dual contact bayonet socket, 

33991 black phenolic insulation and 33992 with 

low loss high leakage mica filled phenolic insulation. 

No. 33004  

No 33005  

No. 33006  

No. 33007  

No. 33008  

No. 33888  

No. 33087  

No. 33002  

No. 33102  

No. 33202  

No. 33302  

No. 33446*  

No. 33991   

No. 33992  

*For set of 3. Single discs $0.00 each. 

FLEXIBLE COUPLINGS 
Tne No. 390O series of Mi.len -Designed for Ap-

plication" flexible coupling units include, in addition 

to improved versions of the conventional types, also 

such exclusive original designs as the No. 39001 

insulated universal joint and the No. 39006 "slide-

action" coupling in both steatite and bakelite 

insulation). 

The No. 39006 "slide-action" coupling permits 

longitudinal shaft motion, eccentric shaft motion and 

out- of- line operation, as well as angular drive 

without backlash. 

The No. 39005 is similar to the No. 39001, but is 

not insulated and is designed for applications 

where relatively high torque is required. The steatite 

insulated No. 39001 has a special anti- backlash 
pivot and socket grip feature. All of the above 

illustrated units are for Vs" shaft and are standard 

production type units. The Na. 39016 incorporates 

features which have long been desired in a flexible 

coupling. No Back Lash— Higher Flexibility— Higher 

Breakdown Voltage— Smaller Diameter— Shorter 
Length— Higher Alignment Accuracy— Higher Re-

sistance to Mechanicn1 Shock— Solid Insulating 

Barrier Diaphragm—Molded as a Single Unit. 

No. 39001   

No. 39002  

No. 39003  

No. 39005  

No. 39006  

No. 39016  
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04000 and 11000 SERIES 
TRANSMITTING CONDENSERS 
A new member of the "Designed for Appli-
cation" series of transmitting variable air 
capacitors is the 04000 series with peak 
voltage ratings of 3000, 6000, and 9000 
volts. Right angle drive, 1-1 ratio. Adjustable 
drive shaft angle for either vertical or sloping 
panels. Sturdy construction, thick, round-
edged, polished aluminum plates with 134" 
radius. Constant impedance, heavy current, 
multiple finger rotor contactor of new de-
sign. Available in all normal capacities. 

The 11000 series has 16 1 ratio center 
drive and fixed angle drive shaft. 

Code Volts Capacity Price 
11035 3000 35 
11050 3000 50 
11070 3000 70 
04050 6000 50 
04060 9000 60 
04100 6000 90 
04200 3000 205 

12000 and 16000 SERIES 
TRANSMITTING CONDENSERS 
Rigid heavy channeled aluminum end plates. 
Isolantite insulation, polished or plain edges. 
One piece rotor contact spring and connec-
tion lug. Compact, easy to mount with con-
nector lugs in convenient locations. Same 
plate sizes as 11000 series above. 

The 16000 series has same plate sizes as 
04000 series. Also has constant impedance, 
heavy current, multiple finger rotor con-
tactor of new design. Both 12000 and 
16000 series available in single and double 
sections and many capacities and plate 
spacing. 

THE 28000-29000 SERIES 
VARIABLE AIR CAPACITORS 
"Designed for Application, ' double bear-
ings, steatite end plates, cadmium or silver 
plated brass plates. Single or double section 
.022" or .066" air gap. End plate size: 
19/ 16" x 11 16". Rotor plate radius: 3/4". 
Shaft lock, rear shaft extension, special mount-
ing brackets, etc., to meet your requirements. 
The 28000 series has semi-circular rotor 
plate shape. The 29000 series has approxi-
mately straight frequency line rotor plate 
shape. Prices quoted on request. Many 
stock sizes. 

NEUTRALIZING CAPACITOR 
Designed originally for use in our own Na. 
90881 Power Amplifier, the No. 15011 disc 
neutralizing capacitor has such unique fea-
tures as rigid channel frame, horizontal or 
vertical mounting, fine thread over-size lead 
screw with stop to prevent shorting and 
rotor lock. Heavy rounded-edged polished 
aluminum plates ore 2" diameter. Glazed 
Steatite insulation. 
No.15011   

THRU-BUSHING 
Efficient, compact, easy to use and neat 
appearing. Fits Ws" hale in chassis. Held in 
place with a drop of solder or a "nick" from 
a crimping tool. 

No.32150  
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TRANSMITTING TANK COILS 
A full line— all popular wattages for all bands. 
Send for special catalog sheet. 

TUNABLE COIL FORM 

Standard octal base of low loss mica-filled 
bakelite, polystyrene 1/2 " diameter coil 
form, heavy aluminum shield, iron tuning slug 
of high frequency type, suitable for use up 
to 35 mc. Adjusting screw protrudes through 
center hole of standard octal socket. 

No. 74001, with iron core  
No. 74002, less iron core  

RF CHOKES 

Many have copied, few have equalled, and 
none have surpassed the genuine original 
design Millen Designed for Application series 
of midget RF Chokes. The more popular 
styles now in constant production are illus-
trated herewith. Special styles and varia-
tions to meet unusual requirements quickly 
furnished. 

Figures 1 and 4 illustrate special types of RF chokes 
available on order. The populor 34300 and 34200 
series are shown in figures 2 and 3 respectively. 

General Specifications: 2.5 mH, 250 mA for 
types 34100, 34101, 34102, 34103, 
34104, and 1 mH, 300 mA for types 34105, 
34106, 34107, 34108, 34109. 

No. 34100  
No. 34101   
No. 34102  
No. 34103  
No. 34104  

MIDGET COIL FORMS 

Made of low loss mica filled brown bakelite. 
Guide funnel makes for easy threading of 
leads through pins. 

No. 45000  
No. 45004  
No. 45005  

OCTAL RASE AND SHIELD 

Low loss phenolic base with octal socket plug and 
aluminum shield con 1 7/by x 11/4  u 313/16. 

No. 74400  

I.F. TRANSFORMERS 

The Millen "Designed for Application" line 
of I.F. transformers includes air condenser 
tuned, and permeability tuned types for all 
applications. Standard stock units are for 
456,1600 and 5000 kc.B.F.O.also available. 

PERMEABILITY TUNED CERAMIC 

FORMS 

In addition to the populor ,hlelded plug-in per-
meability tuned forms, 74000 series, the 69040 
series of ceramic permeability tuned unshielded 
forms are available as standard stock items. 
Winding diameters and lengths of winding space 
ore 13/32 x 722 for 69041-2; 1/4  x 34 for 69043-7-8; 
1/2  x 114s for 69045-6; 3/ié x Vie, for 69044. 

No. 69041—(Copper Slug)  
No. 69042—(kon Core)  
No. 69043 —Oren Core)  
No. 69044—(Copper Slug)  
No. 69045—(Copper Slug)  
No. 69046—Ikon Core)  
No. 69047—(Copper S109)  
No. 69048—(Iron Core)   
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CERAMIC PLATE OR 
GRID CAPS 

Soldering lug and contact one-piece. Lug ears 
annealed and solder dipped to facilitate 
easy combination "mechanical plus soldered" 
connection of cable. 

No. 36001-9 16"  
No. 36002—W'  
No. 36004—W'  

SNAP LOCK PLATE CAP 
For Mobile, Industrial and other applications 
where tighter than normal grip with multiple 
finger 360 low resistance contact is re-
quired. Contact self-locking when cap is 
pressed into position. Insulated snap button 
at top releases contact grip for easy re-
moval without damage to tube. 

No. 36011-9 16"  
No. 36012 W'  

SAFETY TERMINAL 
Combination high voltage terminal and thru-
bushing Tapered contact pin fits firmly into 
conical socket providing large area, low 
resistance connection. Pin is swivel mounted 
in cap to prevent twisting of lead wire. 

No. 37001, Black or Red  
No. 37501, Low loss  

TERMINAL STRIP 
A sturdy four-terminal strip of molded black 
Textolite. Barriers between contacts. "Non 
turning" studs, threaded 8 32 each end. 

No. 37104  

POSTS, PLATES and PLUGS 
Designed for Application! Compact, easy to 
use. Made in black and red regular bakelite 
as well as low loss brown mica filled bake-
lite or steatite for R.F. uses. Posts have 
captive head. 
No. 37202 Plates (pr)  
No.37212 Plugs  
Na, 37222 Posts (pr)  

STEATITE TERMINAL STRIPS 
Terminal and lug ore one piece. Lugs are 
Navy turret type and are free floating so 
as not to strain steatite during wide tem-
perature variations. Easy to mount with 
series of round holes for integral chassis 
bushings. 

No. 37302  
No. 37303  
No. 37304  
No. 37305  
No. 37306  

CATHODE RAY 
TUBE SHIELDS 

For many years we have specialized in the design 
and manufacture of magnetic metal shields of 
nicoloi and thumetal for cathode ray tubes in our 
own complete equipment, as well as for applica-
tions of al] other principal complete equipment 
manufacture,. Stock type, as well as special de-
signs to customers' soncifications prompt], available. 
Na. 80045—Nicoloi for 58P1   
Na. 80055—Nicoloi for 5CP I   
Na. 80043—Nicoloi for 3" tube  
No. 80042—Nicoloi for 2" tube   

BEZELS FOR 
CATFODE RAY TUBES 

Standard types are of soto plastic. 
5" size has neoprene support cJsrnon and green 
lucite filter. 3" and 2" sizes have integral cushioning. 
Na. 80075-5'  $ 
No. 80073-3"  
No. 80072-2"  
No. 80071-1"  



MINIATURIZED COMPONENTS 
DESIGNED for APPLICATION miniaturized compo-
nents developed for use in our own equipment such as the 
90901 Oscilloscope, are now available for separate sale. 
Many of these parts are similar in most details except size 
with their equivalents in our standard component parts 
group and in certain devices where complete miniaturiza-
tion is not paramount, a combination of standard and 
miniature components may possibly be used to advantage. 
For convenience, we have also listed on this page the ex-
tremely small sized coil forms from our standard catalogue. 
Additional miniature awl suluniniature 14 llll ponents are in 
process of design and Will he announced shortly. 

CODE DESCRIPEON NET PRICE 

A006 Matches standard knobs n style. Black plastic with 
brass insert. For 1/4 " shaft. Overall height 1/2 ". Diam-
eter .1/4 ". 5 

A007 Some as A018 except for 3/8" diameter plastic dial 
with 5 index lines. 

A012 Right angle drive. 1/4 " diameter shafts. Single hole 
mounting bushing 1/4 "-32 diameter. 

A018 1/4 " diameter black plastic knob with brass insert for 
1/4 " shaft. Skirt diameter W'. Overall height 3/4 ". Unique 
design has screwdriver slot in top. 

CODE DESCRIPTION NET PRICE 

A019 Similar to A018, but withoJt flange. 

A061 Shaft lock for 1/4 " diameter shaft. 1/4 "-32 bushing. 
Nickle plated brass. 

A066 Shaft bearing for 1/4 " diameter shafts. Nickle plated 
brass. Fits ¡ '44" diameter hole. 

E001 Steatite standoff or tie-aoint integro mounting eyelet 
.205 overall diameter. Box of five. 

130C-500 Iron core RF choke 500 oh. 

1300-1000 Iron core RF choke 1000 uh. 

1300-2500 Iron core RF choke 21/2  mh. 

M003 Solid coupling for 1/4 " diameter shaft. Nickle plated 
brass. 

M006 Universal ¡oint style flexible coupling. Swing finger. 
Steatite insulation. Nickle nlated brass for 1/4 " diam-
eter shafts. 

M008 Insulated coupling, with nickle plated brass inserts or 

1/4 " diameter shots. 

M023 Insulated shaft extension for mounting sub miniature 
potentiometer with 1/2 " diameter snafts and 1/4 "-32 
bushing. 

69043 Steatite coil form. AdPstable core. Too tuned. Tapped 
4-40 hole in case for mounting. Winding space 1/4 " 
diameter x Wm" length. 

69044 Steatite coil form. Adjustable brass core. Bottom tuned. 
Mounting by No. 1D-32 brass base. Winding space 
.187 diameter by 'la" length 

JâIM NFL,1,1U1 
MALDEN • MASSACHUSETTS 



Midget Absorption Frequency Meters 
Many amateurs and experimenters do not realize that one of 

the most useful "tools" of the commercial transmitter designer 

is a series of very small absorption type frequency meters. 

These handy instruments can be poked into small shield com-

partments, coil cans, corners of chassis, etc., to check har-

monics; parasitics; oscillator- doubler, etc., tank tuning; and a 

host of other such applications. Quickly enables the design 

engineer to find out what is really " goirg on" in o circuit. 

Types 90605 thru 90609 are extremely small and de-

signed primarily for engineering laboratory use where they 

NEW YORK 
Cooper-DiBlosi 

259 W. 14th Street 

PHILADELPHIA 
L. D. Lowery 

50 E. Wynnewood Rd. 
Wynnewood 

will be handled with reasonable care. The most useful combi-

nation being the group of four under code No. 90600 and 
covering the total range of from 3.0 to I ZO megacycles. 
When purchased in sets of four under code No. 90600 a 
convenient carrying and storage case is included. Series 90601 

are slightly larger and very much more rugged. They are 
further protected by a contour fitting transparent polystyrene 
case to protect against damage and dirt. This latter series is 
designed p-imarily for field use and are not quite as con-

venient for laboratory use as the 90605 thru 90608 types 
All types have dials directly calibrated in freauency. 

Code Description 

90604 
90605 
90606 
90607 
90608 
90609 
90610 
9061 9 
90620 
90625 
90626 
90600 
90601 

Range 160 to 210 inc. 
Range 3.0 to 10 nc. 
Range 9.0 to 23 mc. 
Range 23 to 60 mc. 
Range 50 to 140 mc. 
Range 130 to 170 inc. 
Range 105 to 150 mc. 
Range 350 to 1000 kc.—Neon Indicator 
Range 150 to 350 kc.—Neon Indicator 
Range 2 to 6 rnc.—Neon Indicator 
Range 5.5 to 15 mc.—Neon Indicator 
Complete set of 93605 thru 90608, in case 
Complete set Field type Frequency Meters in metal carrying case 

1.5 to 40 mc. 

Net Price 
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TOWER 
TYPE 

For better transmission and reception use 

Whatever you need—simple an-

tenna support towers or heavier 

towers for complex transmitting 
arrays—Wincharger Towers can 

do the best job for you. 

t'w-a=w-rr; 

-I I 

ALL LEGS. 

EMCEE, ETC. 
All 110T-011110 
ALVAPIIZEO AITER 

MET AM 

PUNC1410 

NOTE— 
Non Galvanaed 
Towers can be 

litatiatted at lower 
pnarra 

TYPE 
300 

TYPE \ 
ISO "101 

r. 

/70 

Triangular cross-section transmission towers 
for rotary beam support . . . for insulated vertical 
radiators . . . for special, complex arrays of rhombles 
or curtain antennas . . or any tower problem you 
have, you'll have the best results with Wincharger. 

POWERt 
Recommended TOWER Guy I.evels WEIGHT Watt Rating 
Max. Height WIDTH (3 Guys at PER FT. • Wave 

Each Level) or Taller) 

300 
150 
101 
78 
42-47 

440 ft. 213!, in. 50 ft. 30 lbs. 50,000 

320 ft. 181i in. 40 ft. 15 lbs. 10,000 

220 ft. 14% in. :35 ft. 10.1 lbs. 5,003 

150 ft. 14% in. 35 ft. 7.8 lbs. 5,000 

125 ft. 13!4 in. 30 ft. 4.7 lbs. 3,000 

Tower steel only—weight of guys, insulators, etc. not included. 
fInsulation for greater power available at slight extra ..wt. 

. • . • 
.0.11SC8C0(242C30 

ve:•:•••:: • • • : • • • • • ' • 

A. Five and 10-ft. 
Roof Mount 
Towers for 
amateur a n d 
T V antennas. 
Using mast 
and simple 
guying can 
elevate anten-
na nearly 40' 

B. Lightweight Towers has 
hinged base. In 10' sections. 
With simple guying will 
support 4-bay stack at 40. 

C. Self- Supporting. Slender, 
attractive design—no guys. 
Will support antenna with 
maximum wind thrust of 

. 100 pounds. Cement base. 



Another new, outstanding instrument design so typically character-
istic of Heathkit operation in producing high quality instrument kits 
at the lowest possible price. A new, improved model Impedance 
Bridge kit featuring modern cabinet styling, with slanted panel for 
convenience of operation and interpretation of scales at a $ 10.00 
price reduction over the preceding model. Built-in adjustable phase 
shift oscillator and amplifier with all tubes of the battery operated 
type completely eliminates warm-up time. The instrument is en-
tirely AC line operated. No bothersome battery replacements. 
The Heathkit IB-2 Impedance Bridge Kit actually represents 

four instruments in one compact unit. The Wheatstone Bridge for 
resistance measurements, the Capacity Comparison Bridge for capa-
city measurements, Maxwell Bridge for low Q, and Hay Bridge for 
high Q inductance measurements. Read Q, D, DQ all on one dial 
thereby eliminating possible confusion due to the incorrect dial 
reference or adjustment. Only one set of instrument terminals nec-

'citisommusulLif-

?metered 
• Simpson 100-0-100 microampere 

meter. 

• Completely AC operated. 

• Built-in phase shift generator and 
amplifier. 

• Battery type tubes, no warm-up 
required. 

• Newly designed two section CRI. 
dial. 

• Single knob D, 0, and DO functions. 

• Special impedance matching trans-
former. 

• New modern cabinet styling. 

• l'2% precision resistors and silver 
mica condensers. 

essary for any measurement function. Panel provisions provided for 
external generator use. 

A newly designed two section CRL dial provides ten separate 
"units- switch settings with an accuracy of .5%. Fractions of units 
are read on a continuously variable calibrated wire-wound control. 
A special minimum capacity, shielded, balanced impedance match-
ing transformer between the generator and the bridge. The correct 
impedance match is automatically switch selected to provide con-
stant load operation of the generator circuit. The instrument uses 
1/2 % precision resistors and condensers in all measurement circuits. 

The new Heathkit IB-2 provides outstanding design features not 
found in any other kit instrument. The single low price includes the 
power supply, generator, and amplifier stages. No need to purchase 
separate instrument accessories in order to obtain the type of oper-
ation desired. 

qleateca 
AUDIO WATTMETER 

KIT 
MODEL AW-1 

SHIPPING WT. 

11•161T " 

q ieadtedie 
e 

LABORATORY 

GENERATOR KIT 

MODEL LG-1 

:$39 50 • 
• 

6 L BS. 
• SHIP. WT. 

A new Heathkit design for the au- • 16 LB S. 
dio engineer, serious hi fi enthu- • 
siast, recording studio, or broad- • 
cast station; the Heathkit Audio 
Wattmeter Kit. This specialized 
instrument instantly indicates the 
output level of the equipment 
under test without requiring the 
use of external load resistors. All 
readings are taken directly from 
the calibrated scales of a 41/2 " 
200 microampere Simpson meter. 
The Heathkit Audio Wattmeter 

features five full scale power meas-
urement ranges from 5 milLiwatts up to 50 watts with db ranges of 
-15 db to +48 db. The instrument has a power measutement 
rating of 25 watts continuous and 50 watts maximum for inter-
mittent operation. Non-inductive resistance load impedances of 4, 
8, 16, and 600 ohms are provided through a panel impedance 
selector switch. Frequency effect is negligible from 10 cycles to 250 
kt. A conventional VTVM circuit utilizes a 12AU7 twin triode tube. 
The meter bridge circuit uses four germanium diodes for good tine-
a rity. 

With the Heathkit AW-1 desired information can be obtained 
instantly and conveniently without bothering with the irksome setups 
and calculations usually required. Useful for power curve measure-
ments, frequency response checks, monitoring indicator, etc. Con-
venient calibration directly from 110 volt AC line source. This new 
instrument will help to supply the answers to your audio operating 
or power output problems. 

• 

• Another welcome de ‘IP • 
• new addition to 
• • the popular line of Heathkit 
• instruments, the Heathkit Lab-
• oratory Generator. Specifically 
4'. designed for flexibility of operation, accuracy and versatility 
• beyond the performance level provided by the conventional 
• service type generator. Frequency coverage of the Colpitts 
• oscillator is 150kc to Some in five convenient ranges with 
• provisions for internal or external modulation up to 50%, 
• and .1 volt RF output throughout the frequency range. Panel 

mounted 200 microampere Simpson meter for RF "set refer-
• ence level" to provide relative indication of RF output. In-
• dividually shielded oscillator and shielded variable and step 
• attenuator provide flexible control of RF output. 
• The circuit features a 6AF4 high frequency oscillator, a 
• 6AV5 amplifier with grid modulation, 12AU7 400 cycle 

oscillator and modulator, OB2 voltage regulator tube, and 
• a selenium rectifier for the transformer operated power supply. 
is The smart professional instrument appearance and over-all 
• flexibility of operation will prove a decided asset to any in-
• dustrial or educational laboratory. The Heathkit Laboratory 
• Generator sets a new level of operation, far superior to any 

instrument in this price classification. 

HEATH COMPANY • Benton Harbor 26, Mich. 
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CHECK THESE "7*e/ewe 

V New 5UP1 CR tube 

V Re-trace blanking 

V Voltage regulation 

V Extended band width 

V Peak-to-peak calibrating provisions 

V Good square wave response 

V Astigmatism control 

V New heavy duty shielded power 
transformer 

Announcing the latest addition to a brilliant series of Heathkit Oscillo-
scopes, the new Model 0-9. This outstanding instrument incorporates all 
tif the features developed and proven in the production of well over 
50,000 kits, in addition to a host of many new design features for truly 
, outstanding performance. This new scope features a brand new ( no sur-
plus) commercially available SL Il'  cathode ray tub, for line focusing, 
high intensity. and freedom from halation. The 5" CR tube is the stand-
ard size for design and industrial laboratories, development engineers, 
and service men. The only size CR tube offering a wide range of types, 
colors, phosphors, and persistence. The answer to good oscilloscope per-
formance fits in improved basic design and operating characteristics, and 
not in the use of larger CR tubes. 
VERTICAL AMPLIFIER — New extended band width vertical amplifier 
with sensitivity of .025 volts per inch, down 3 db at 2 me, down only 
51-2 db at 3 flic. Three step vertical input attenuator, quality ceramic 
. variable capacitors for proper input compensation, provisions for cali-
brated I volt peak-to-peak reference, with calibrated screen fiir direct 
muting of TV pulses. 

NO. 342 

$ 350 SHIP. WT. 
• I LB. 

" fi'ecleeit. LOW CAPACITY 

PROBE KIT 
Oscilloscope investigation of high frequency, 
high impedance, or broad bandwidth circuits 
encountered in television work requires the 
use of a low capacity probe to prevent loss of 
rain, distortion, or false service information. 
The Heathkit Low Capacity Probe features 
a variable capacitor to provide the necessary 
degree of instrument impedance matching. 
New probe styling with bright polished alu-
minum housing and F. I.ivrene probe ends. 

eetteie 
VOLTAGE CALIBRATOR KIT 

MODEL VC- 2 

SHIPPING WT. 

4 LBS. 

The Heathkit Voltage Calibre-
tor provides a convenient meth-

od of making peak-to-peak volt-
age measurements with an os-
cilloscope by establishing a re-
lationship on a comparison ba-
sis between the amplitude of an 
unknown wave shape and the 
known output of the voltage 
calibrator. Peak-ro-peak voltage 
values are read directly on the 
calibrated panel scales. To off-
set line voltage supply irregu-

larities, the instrument features 
a voltage regulator tube. 

With the Hearhkit Voltage Cali-
brator, it is possible to measure all 
types of complex wave forms within 
a voltage range of .01 to 100 volts 
peak-to-peak. A convenient "signal" 
position on the panel switch by-passes 
the calibrator completely and the sig-
nal is applied to the oscilloscope in-
put thereby eliminating the necessity 
for transferring test leads. 

HORIZONTAL AMPLI. 
•-• 

FIER New input se- 
lector switch provides choice of h,ri• 
maul input, GO cycle sweep input, line sync, internal sync, and external 
sync. Expanded horizontal sweep prcduces sweep width several times die 
cathode ray tube diameter. New blanking amplifier for complete retrace 
blanking and new phasing control. 
POWER SUPPLY— New high voltage power supply and filtering cir-
cuit for really fine hairline focusing. New heavy duty power transformer 
with adequate operating reserve. Voltage regulated -. apply for both vert it al 
and horizontal amplifiers for absolutely rock steady traces and complet, 
freedom from bounse and jitter due to line variacons. 

The acid test of any oscilloscope operation is the abdiry to reprodute 
high frequency square waves and the new HeathIcit 0-9 will faithfully re-
produce square waves up to 500 kc. This is the ideal all around, general 
purpose oscilloscope for educational and industria. use, radio and TV sets - 

in., and ans other type of work req-tiring the instantaneous reproduction 
',anon of actual wave forms aoci other cit trical phenomena. 
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$250 
'en' • 

SHIP. WT. 

q‘eaticket 
SCOPE DEMODULATOR 

PROBE KIT 
In applio..-: cis such as trouble shooting or 
aligning -1V, RF, IF, and video stages, the 
frequency ranges encoluntered require demod-
ulation cf signals beitie oscilloscope presen-
tation. The newly-s01,4 Fleathkit Demodulo 
tor Probe in polished aluminum housing will 
fulfill this function and readily prove it, . 
value as an oscilloscope service accessory. De-
tailed assembly sheet provided, including in-
structions for probe operation. 

qeeezetieit 
ELECTRONIC SWITCH 

KIT 
The basic function of the Heathkit S-2 
Electronic Switch Kit is to permit simul-
taneous oscilloscope observation of two 
separate traces which can be either sepa-
rated or superimposed for individual 
study. A typical example would be ob-
servation of a signal as it appears at both 
the input and output stages of an ampli-
fier. It will also serve as a square wave 
generator over the range of switching fre-
quencies often providing the necessary 
wave form response information without 
incurring the expense of an additional 
instrument. 

Continuously variable switching rates 
in three ranges from less than 10 cps to 
over 2,000 cps. Individual controls for 
each input channel and a positioning con-
trol. The five tube transformer operared 
circuit utilizes two 65.17, two 6SN7, and 
one 6X5 tubes. Buy this kit and en ny 
increased versatility of operation (vim 
your oscilloscope. 

MODEL S-2 

$235° 
SH:P. 41T. I 1 LBS. 

HEATH COMPANY • Benton Harbor .26;" 
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VACUUM TUBE 

VOLTMETER 
KIT 

MODEL V-6 

SHIPPING WT. 6 LBS. 

The beautiful Heathkit Model 
V-6 VTVM, the world's largest 
selling kit instrument, now 

offers many outstanding new features in addition to retaining all of 
the refinements developed and proven in the production of over 
100,000 VTVM's. This is the basic measuring instrument for every 
branch of electronics. Easily meets all requirements for accuracy, 
stability, sensitivity, convenience of ranges, meter readability, and 
modern styling. It will accurately measure DC voltages, AC voltages, 
tders tremendous ohmmeter range coverage, and a complete db 
scale for a total of 35 meter ranges. 
New 11/2  volt full scale low range provides well over 2U" of 

scale length per volt. Upper DC scale limit 1,500 volts. DC ranges 
0-1.5, 5. IS. 50, 150, 50(1. 1.500 volts full scale. AC ranges 0-1.5, 
5, 15, 50, 150, 500. 1. ,00 ( 1.000 volts maximum). Seseo 

Weezeicdet 30,000 VOLT DC 

PROBE KIT 
For TV service work or any similar application 
where the measurement of high DC voltage is 
required, the Heathkit Model 336 High Voltage 
Probe Kit will prove invaluable. A precision 
multiplier resistor mounted inside the two-color. 
sleek, plastic probe body provides a multipli-
cation factor of 100 on the DC ranges 
.4 the Heathkit 11 megohm VTVM. 
The entire kit includes precision resis-
tor, two-color plastic probe, tip con-
nector spring, test lead, phone plug 
panel connector, and complete assembly 
instruction, 

No. 338-8 

$550 

'Weetadit 

No. 336 

4 155 ) 

SHIP. WT. 

2 LBS. 

PEAK-TO- PEAK 

PROBE KIT 
Now read peak-to-peak voltages on the DC 

scales of the Heathkit 11 megohm VTVM. 
Readings can be directly made from the VTVM 
scale without involved calculations. Measure-
ments over the frequency range of 5 he to 5 
mc. Use this probe to extend the usefulness 
of your ‘'TVM in radio and TV service work. 
The Peak.to-Peak Probe Kit features the new 
prilbhed aluminum housing with two-color 
polystyrene probe ends. Detailed assembly sheet 

SHIP. WT. 2 LBS. including instructions for probe operation. 

q‘éGZeddet RE 

PROBE KIT 
The Heathkit RI I', to") in conjunction with 
any Il mego),,,, VI VM will permit RF meas• 
urements up tu 25(1 mc, ± 10?). A useful, con-
'entent accessory for those occasions when RF 
inusurements arc desired. The RI' probe body 
e, housed in the new, smartly.styled polished 
aluminum probe body featuring two-color poly-
styrene probe ends and a low capacity flexible 
shielded test lead. The kir is complete with all 
necessary material and a detailed assembly sheet 
as well as instruttions for probe operario 

7eateete4 

V New 1,2 volt full scale low range 

1,500 volt upper limit DC range 

lae Increased accuracy through 50% 

greater scale coverage 

High impedance 11 megohm input 

P.' Center scale zero adjust 

V Polarity reversal switch 

V 1% precision resistors 

s••• Clearly marked db scales 

meter ranges from .1 ohm to 1,000 megohms. For added conven-
ience a DC polarity reversing switch and a center scale zero adjust-
ment for FM alignment. 
The smartly styled, compact, sturdy, formed aluminum cabinet 

is finished in an attractive gray crackle exterior. The beautiful two-
color, durable, infra.red, baked enamel panel further adds to the 
over-all professional appearance. 
Top quality components used throughout. 1% precision resistors 

—  silver contact range and selector switches— selenium rectifier — 
transformer operated power supply. Individual calibration on both 
AC and DC for maximum accuracy. DB scale printed in red for easy 
identification, all other scales a sharp, crisp black for easy reading. 
A varier} of accessory pu ,bes shown on this page still add further 
to 1),C1,1111,.. 

o 

as 

ineeerameffl= 
ea, 

No. 309-B 

$350 

SHIP WT 2 HS 

qleatddet AC VACUUM TUBE 

VOLTMETER KIT 
MODEL AV- 2 

$295.0 
SHIPPING WT. 

5 LBS. 

The new Heathkit AC VTVM 
that makes possible those sensi-
tive AC measurements required 
by laboratories, audio enthusi-
asts, and experimenters. Especi-
ally useful for hum investiga-
tion, sensitive null detection, 
phono pick-up output measure-
ments, making frequency response runs, gain measurements, 
ripple voltage checks, etc. Low level measurements are easy 
to make because of the complete voltage coverage of the 
instrument and the one knob operation. 
The large 200 microampere Simpson meter has clearly 

marked and easy to read meter scales. Ten voltage ranges 
covering from .01 rms full scale to 300 volts rms full scale, 
with frequency response ± 1 db from 20 cycles to 50,000 
cycles. Instrument input impedance 1 megohm, ten db ranges 
from —52 db to +52 db. For stability and good linearity 
characteristics the meter bridge circuit features 4 germanium 
diodes. Attractive instrument styling, a companion piece for 
the popular Heathkit VTVM and the new AW-1 Audio 

trtmeter. 

HEATH COMPANY • Benton Harbor 26, Mich. 
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CHECK THESE 47~4~ 

V 20 000 ohms per volt DC sensitivity, 

5,000 ohms per volt on AC 

Polarity reversal switch 

kiit• 100 precision multiplier resistors 

V 50 microampere 41/2" Simpson meter 

V Meter ranges for service 

convenience 

V New resistor ring-switch assembly 

V Total of 35 meter ranges 

ke. New Modern cabinet styling 

N E W q‘eseeddet 

MULTIMETER 
KIT 

MODEL MM- 1 

$265.° 
SHIPPING WT. 6 LBS. 

The most important Heathkit announcement of the year, the 
new 20,000 ohms per volt Heathkit Multimeter, Model MM- 1. 
The universal service measuring instrument, accurate, sensitive, 
portable, and completely independent of AC line supply. Par-
ticularly designed for service use incorporating many desirable 
features for the convenience of the service man. Full 20,000 
ohms per volt sensitivity on DC ranges — 5,000 ohms per volt 
sensitivity on AC—polarity reversal switch, no bothersome 
transferring of test leads — 1% precision multiplier resistors 
— large 41/2 " recessed non-glare 50 microampre Simpson me-
ter — conveniently slanted control panel — recessed safety type 
banana jacks — standard universally available batteries — 
rugged practical sized cabinet with plastic carrying handle, and 
a total of 35 calibrated meter ranges. 
RANGES 

Voltage ranges selected entirely for service convenience. For 
example 11/2  volt full scale low range for measuring portable 
radio filament voltages, bias voltages, etc., 150 volt full scale 
range for AC-DC service work, 500 volt full scale range for 
conventional transformer operated power supply systems. Com-
plete voltage ranges AC and DC, 0-1.5-5-50-150-500-
1,500-5,000 volts. DC current ranges, 0-150 raicroamperes-
15 milliamperes-150 milliamperes-500 milliamperes-15 
amperes. Resistance measurements from .2 ohms to 20 meg-

qieceetteie 
BATTERY TESTER KIT 

"ere 

MODEL BT- 1 

SHIP. WT. 
2 LBS. 

The Heathkit Battery Tester measures all 
types of dry batteries between 11/2 volts 
and 150 volts under actual load condi-
tions. Readings are made directly on a 
three color Good-Weak-Replace scale. 
Operation is extremely simple and merely 
requires that the test leads be connected 
to the battery under test. Only one control 

to adjust in addition to a panel 
switch for "A" or "B" battery 
types. The Heathkit Battery Test-
er features compact assembly, ac-
curate meter movement, and a 
three deck wire-wound control, 
all mounted in a portable rugged 
plastic cabinet. Checks portable 
radio batteries, hearing aid bat-
teries, lantern batteries, etc. 

-e:tercas:0. 

= y,-

ohms x 1 x 1,000 x 10,000. 

DB coverage from — 10 db 
to +65 db. 

01. 1111.111~81~.-

CONSTRUCTION 

Entirely new design permits assembly, mounting and wiring 
of precision resistors on a ring-switch assembly unit. The majo: 
portion of instrument wiring is completed before mounting che 
ring-switch assembly to the panel. No calibration procedure is 
required, all precision resistors readily accessible in event of 
replacement. 

CABINET 

Strikingly modern cabinet styling featuring two piece con-
struction, durable black Bakelite cabinet, with easy to read 
panel designations. Cabinet size 51/2 " wide x 4" deep x 71/2 ' 
high. Good cabinet physical stability when operated in vertical 
position. 
The Heathkit MM-1 represents a terrific instrument value 

for a high quality 20,000 ohms per volt unit using all 1% 
deposited carbon type precision resistors. Here is quality, per-
formance, functional design, and attractive appearance, all com-
bined in one low priced package. 

qleateeit 
FIANDITESTER KIT 

MODEL M-1 

SHIPPING WT. 

3 : BS. 

The Heathkit Model M-1 Ilanditester readily 
tulfil:s major requirements for a compact, port.. 
able volt ohm milliammeter. Despite its corn. 
pact size, the Handitester is packed with every 
desirable feature required in an instrument of 
this type. AC or DC vokage ranges fall scale, 
-10-30-300-1,000-5,000 volts. Two 

ohmmeter ranges, 0-3,000 and 0-300,000. Two 
DC current measurement ranges, 0-10 milli. 
amperes and 0-100 milliamperes. The instru 
ment uses a Simpson 400 microampere meter 
movement, which is shunted with resistors to 
provide a uniform 1 milliampere load on both 
AC and DC ranges. Special type, easily access-
ible, battery mounting bracket — deposited 
carbon type precision resistors— hearing aid 
type ohms adjust control. The Handitester is 
easily assembled from complete instructions and 
pictorial diagrams. Necessary test leads are .n-
eluded in the price of this popular kit. 

HEATH COMPANY • Benton Harbor 16, Mich. 
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New qd eat/tie-a 12 Volt 

BATTERY 
ELIMINATOR KIT 

MODEL BE- 4 

$315° 
SHIPPING WT. 

18 LBS. 

Here is the new lleatlikit Battery Eliminator necessary for 
modern, up-to-date operation of your service shop. The Heath-
kit Model BE-4 furnishes either 6 volts or 12 volts output 
which can be selected at the flick of a panel switch. Use the 
BE-4 to service the new 12 volt car radios in addition to the 
conventional 6 volt radios. 

This new Battery Eliminator provides two continuously 
variable output ranges, 0-8 volts DC at 10 amperes continuously, 
or 15 amperes maximum intermittent; 0-16 volts DC at 5 
amperes continuously or 73 amperes maximum intermittent. 
The output voltage is clean and well filtered as the circuit uses 
two 10,000 mf condensers. The continuously variable voltage 
output feature is a definite aid in determining the starting point 
of vibrators, the voltage operating range of oscillator circuits, 
etc. Panel mounted meters constantly monitor voltage and cur-

qeeatecee VIBRATOR 
TESTER KIT 

Your repair time is valuable, and 
service use of the Heathkit Vibrator 
Tester will save you many hours of 
work. This tester will instantly tell 
you the condition of the vibrator 
being checked. Checks vibrators for 
proper starting and the easy to read 
meter indicates quality of output on 
a large Bad-?-Good scale. The Heath-
kit VT-1 checks both interrupter and 
self rectifier types of vibrators. l'iye different 
sockets for checking hundreds of vibrator 
types. 
The Heathkit Vibrator Tester operates 

from any battery eliminator capable of de-
livering continuously variable voltage from 
4 to 6 volts DC at 4 amperes. The new 
Heathkit Model BE-4 Battery Eliminator 
would be an ideal source of supply. 

MODEL VT- 1 

$1450 
SHIPPING WT. 

6 LBS. 

BINDING POST 

Binding post kit now available so that 
standardization of all instrument con-
nectors is possible. This new, five-way 
binding post will accommodate an alliga-
tor clip, banana plug, test lead pin, spade 
lug, or hook-up wire. Sold in units of 
20 binding post assemblies. Each assem-
bly includes binding post, flat and shoul-

fiber washers, solder lug, and nut. 
I.' ;sieves in all. Kit 362, $ 4.00. 

CHECK THESE "e,cteeeted, 
ko Either 6 or 12 volt operation 

V Continuously variable voltage output 

V Constant ammeter and voltmeter 
monitoring 

V Automatic overload relay — self-
resetting 

V Two 10,000 mf condensers 

V New 18 disc split type heavy duty 
rectifier unit 

V Fuse protection 

rent output and will quickly indicate the presence of a major 
circuit fault in the equipment uncle: test. The power trans-
former primary winding is fuse protected and for additional 
safety an automatic relay of the self-resetting type is incorpo-
rated in the DC output circuit. The heavy duty rectifier is a 
split type 18 plate magnesium copper sulfide unit used either 
as a full wave rectifier or voltage doubler according to the 
position of the panel range switch. 

Here is the ideal battery eliminator for all of your service 
problems and as an additional feature, it can also be used as a 
battery charger. Another new application for the Heathkit 
Battery Eliminator is a variable source of DC filament supply 
in audio development and research. More than adequate vari-
able voltage and current range for normal applications. 

NEW 'Weeleddit VARIABLE VOLTAGE 

ISOLATION 
TRANSFORMER KIT 
1 he new I Ladd. it kolat ion Trans-
former Kit provides line isolation for 
AC-DC radios ( not an auto trans-
former), thereby eliminating shock 
hazard, hum problems, alignment dif-
ficulties, etc. The output voltage is 
variable from 90 to 130 volts AC 
and is constantly monitored by a 
panel mounted AC volt meter. Use 
it to increase AC supply voltage in 
order to induce breakdown of faulty 
components in circuits thereby saving 
service time. Use it also to simulate vary-
ing line voltage clnditions and to de-
termine the line voltage level at which 
oscillator circuits cease functioning, par-
ticularly in three-way portable radios. 
Rated at 100 warts continuous operation 
and up to 200 watts maximum intermit-
tent operation. A useful radio and TV 
service tool. 

MODEL IT- 1 

$165° • 
SHIP. WT.9LBS. 

9eZte,keell•rereieAgetate 

qieztecie 
TECHNICAL 

APPLICATION BULLETINS 

An exclusive Heathkit service. Tech-
nical application bulletins prepared 
by recognized instrument authori-
ties outlining various combinations 
of instrument applications. Avail-
able now with 40 four-page illus-
trated bulletins and an attractive 
flexible loose-leaf binder. Only 52.00. 
No c.o.d. on this item, plcase.1 
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CHECK THESE 9ecteepred 
INCREDUCTOR controllable inductor 
sweep 

V TV and IF sweep deviation 12-30 mc 

V Ann- 220 mc continuous frequency 
coverage 

V Oscillator operation entirely on fun-
damentals 

V Output in excess of 100,000 micro-
volts 

V Automatic amplitude circuit 

V Voltage regulation 

V Simplified operation 

MODEL TS-3 

SHIPPING WEIGHT 
18 POUNDS 

Proudly announcing an entirely new advanced modcl TV and FM 
Sweep Generator, the Heathkit Model TS- 3. This msv design pro-
vides features and combinations of functions not found in any 
other service type instrument. Every design contideration has been 
given to the requirements of the TV service man to provide a 
flexible, variable sweep source with more than adequate RI' out-
put and complete frequency coverage throughout the TV and FM 
spectrum. 

The frequency range of the TS-3 is from 4 mc to : 20 mc in four 
switch selected ranges. All frequency ranges are overlapping for 
complete coverage. A particularly important feature of the instru-
ment is that the oscillator operates entirely on fundamentals, there-
by providing complete freedom from spurious oscillation and 
parasitics normally encountered in beat frequency type oscillators. 
This circuity assures a much higher total RI' ou-put level and 
simplifies attenuation problems. 

The new TS-3 features an entirely new principle of sweep oper-
ation. Sweep action is entirely electronic with no moving parts or 
electro-mechanical devices so commonly used. The heart of the 
sweep system is a newly-developed INCREDUCTOR controllable 
inductor. With this system, the value of inductance of each oscil-

N E W "Weeiteeee 

SIGNAL GENERATOR KIT 
MCDEL SG- 8 

$195? 
SHIPPING WEIGHT 

8 POUNDS 

Annourcing the new 
Heathkit Model SG-8 

rt ice type Signal Generator, in-
corporating many design features 

- not usually found in an instru-
. ment in this price range. The RF 

output is from 160 kc to 100 mc in five ranges, all on funda-
mentals, with useful harmonics up to 200 mc. The RF out-
put level is in excess of 100,000 microvolts thrc-ughout the 
frequency range. 

The oscillator circuit consists of a 12AT7 twin triode tube. 
One half is used as a Colpius oscillator, and the other half 
as a cathode follower output which acts as a buffer between 
the oscillator and external load. This circuity eliminates 
oscillator frequency shift usually caused by external circuit 
loading. 

All coils are factory wound and adjusted, thereby com-
pletely eliminating the need for calibration and the use 
of additional calibrating equipment. The stable low 
impedance output features a step and variable anenuator 
for complete control of RF leve. A 6C-1 triode acts as a 
400 cycle sine wave oscillator and a panel switching sys-
tem permits a choice of either external or internal modu-
lation. 

The transformer operated circuit is easy to assemble, 
requires no calibration, and meets every service require-
ment for an adjustable level variable frequency signal • 
source, either modulated or un-modulated. 

lator coil is electrically varied with an AC control current, and 
the inductance variation is achieved by a change in the magnetic 
state of the core on which the oscillator coils are wound. This 
system provides a sweep deviation of not less than 12 mc on all 
TV frequencies, and up to a maximum of 30 mc on TV IF fre-
quencies. The high RF output level throughout the instrument 
frequency range ove-comcs the most common complaint of the 
older type sweep generators. A new, automatic amplitude control 
circuit maintains the output level flat to ± 2 db throughout the 
instrument range. For convenience of operation a low impedance 
50 ohm output is u..ed. 

Operation of the instrument has been simplified through the 
reduaion of panel controls and separate panel terminals provide 
for external synchronization if desired. The circuit uses a voltage 
regulator tube to madttain stable instrument operation. A built-in 
variable oscillator marker further adds to flexibility of instrument 
operation. Provisions are also made for the use of an external 
marker, such as your service type signal generator, if desired. Use 
the Heathkit TS-3 for rapid, accurate TV alignment work, and 
let it help you solve those time consuming, irksome problems so 
frequently encountered. 

N E W qeectedeee 

BAR GENERATOR KIT 
MODEL 13G-1 

$145° 

SHIPPING WEIGHT 

6 POUNDS 

The Heathkit 11G- I Bar Gener-
ator represents another welcome 
addition to the fast growing 
line of popular Heathkirs. The 

station transmitted test pattern is rapidly disappearing, and the bar 
generator is the logical answer to the TV service man's problem 
in obtaining quick, accurate adjustment information without waiting 
for test patterns. 
The Heathkit BG-I produces a series of horizontal or vertical 

bars on a TV screen. Since these bars are equally spaced, they will 
quickly indicate picture linearity of the receiver under test. Panel 
switch provides "stand-by position'. — "horizontal position" — 
"vertical position." The oscillator unit utilizes a I2AT7 twin triode 
for the RF oscillator ald video carrier frequencies. A neon relax-
ation oscillator provides low frequency for vertical linearity tests. 
The instrument will not only produce bar patterns but will also 
provide an indication ot horizontal and vertical sync circuit stability, 
as well as overall piatre size. 

Instrument operation is extremely simple, and merely requires 
connection to the TV receiver antenna terminal. The unit is trans-
former operated for safety when used in conjunction with universal 
or transformerless type TV circuits. 
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HEATHKIT 

The new Model TC-2 Heathkit Tube 
Checker features many circuit improve-
ments, simplified wiring, new roll chart 
drive and illumination of roll chart. The 

instrument is primarily designed for the convenience of the radio and TV 
service man and will check the operating quality of tubes commonly encount-
ered in this type of work. Test set-up procedure is simplified, rapid, and flex-
ible. Panel sockets accommodate 4, 5, 6, and 7 pin tubes, octal and loctal, 7 and 
') pin miniatures, 5 pin Hytron and a blank socket for new tubes. Built-in neon 
short indicator, individual three-position lever switch for each tube element, 
spring return test switch, 14 filament voltage ranges, and line set control to 
,mpensate for supply voltage variations, all represent important design fea-

tures of the TC-2. Results of tube tests are read directly from a large 41/2 " 
"qmpson three-color meter, calibrated in terms of Bad-"e-Good. Information 
r hat your customer can readily understand. Checks emission, shorted elements, 
pen elements, and continuity. 
The use of closer tolerance resistors in critical circuits assures correct test 

information and eliminates the possibility of inaccurate test interpretation. 
Improvement has been made in the mechanical roll chart drive system, com-
pletely eliminating diagonal running, erratic operation, and backlash. The 
thumb wheel gear driven action is smooth, positive, and free running. As an 
additional feature, the roll chart is illuminated for easier reading, particularly 
when the tube checker is used on radio or TV home service calls. 

Wiring procedure has been simplified through the extended use of multi. 
cable, color coded wires, providing a harness type installation between tube 
sockets and lever switches. This procedure insures standard assembly and im-
parts that "factory built" appearance to instrument construction. Completely 
detailed information is furnished in the new step-by-step construction manual, 
regarding the set-up procedure for testing of new or unlisted tube types. No 
delay necessary for release of factory data. 
The new Heathkit Tube Checker will prove its value in building service 

prestige through usefulness — simplified operation— attractive professional 
appearance. Don't overlook the fact that the kit price represents a savings of 
$40.00 to $ 50.00 over the price of a comparable commercially built instru-
ment. At this low price, no service man need be without the advantages 
offered by the Heathkit Tube Checker. 

q‘ecteltdit POWER SUPPLY KIT 

MODEL PS- 2 

$3350 

• 

SHIPPING WT. 

I 7 LBS, 

The Heathkit Laboratory Power Supply 
features continuously variable, regulated, 
voltage output with good stability under 
wide load variations. A 41/2 " Simpson 
plastic enclosed panel mounted meter pro-
vides accurate meter output information 
of voltage or current. All panel terminals 
completely isolated from the cabinet. Sep-
arate 6.3 volt AC supply at 4 amperes for 
filament requirements. Ripple component 
exceptionally low, stand-by switch pro-
vided to eliminate warm-up time of the 
five tube circuit. 

CHECK THESE 

NEW 7eeteceted 
Simplified harness wiring 

• Improved, smooth, anti-backlash roll 
chart action 

Po. Optional roll chart illumination 

so. Individual element switches 

so. Portable or counter style cabinet 

• Spare blank socket 

Contact type pilot light test socket 

Simplified test set-up procedure 

so. Line adjust control 

P. 4' z" three-color meter 

PORTABLE 

TUBE CHECKER 

KIT 

MODEL TC-2P 

$3450 

SHIP. WT. 14 LBS. 

The portable model is sup-
plied with a strikingly at-
tractive two-tone cabinet finished in rich maroon, proxy-
lin impregnated, fabric covering with a contrasting 
gray on the inside cover. Detachable cover, brass•plated 
hardware, sturdy plastic handle help to impart a truly 
professional appearance to the instrument. 

PORTABLE TUBE CHECKER CABINET as described 
above will fit all earlier Heathkit TC-I Tube Checkers. 
Shipping weight 7 lbs. Cabinet only, 91-8, $ 7.50. 

eeciedie TV PICTURE TUBE 

TEST ADAPTER 
The Hearhkit TV Picture Tube 
Test Adapter used with the Heath-
kit Tube Checker will quickly check 

. W '17 

No. 355 re/lee% for emission, shorn, etc.. and de. 

Ship t. jV termine picture tube quality. Con. 
, siso of standard 12 pin TV tube 

1 Lb. socket, four feet of ca ble, octal 
socket connector, and data sheet. 

sss,..-entfiXE.2.,F4 318.elreMeel4EM: 

LABORATORY AND 

SERVICE SHOP 

BOOKLETS 
"Planning Your Service Business" by John 
T. Frye, and "Establishing the Industrial 
Electronics Laboratory" by Louis B. Garner, 

Jr., are booklets available to Heath-
kit customers at no charge. These 
booklets, written by nationally recog-
nized authorities, outline the various 
requirements and considerations for 
establishing your own service busi-
ness or foreetting up an industrial 
electronics laboratory. Full attention 
is given to various derails that are 
frequently overlooked when projects 
of this nature are undertaken. Just 
write in to the Heath Company re-
questing your free copy, or attach a 
memo to your next order. 

70. 
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CHECK THESE 7edetered 
V Visual and aural signal tracing 

V Two channel input 

V High RF sensitivity 

V Unique noise locater circuit 

V Calibrated wattmet-ie 

V Substitution test speaker 

V Utility amplifier 

V RF, audio probes and test leads included 

An entirely new type of signal tracer incorporating a combina-
tion of features not found in any other instrument. Designed ex-
pressly for the radio and TV service man, particularly for the 
servicing of AM, FM, and TV circuits. Here in a five tube, trans-
former operated instrument are all of the useful functions so 
necessary for speedy, accurate isolation of service difficulty. 

This new signal tracer features a special high gain RF input 
channel, used in conjunction with a newly-designed wide frequency 
range demodulator probe. High RF sensitivity permits signal 
tracing at the receiver antenna input. A separate low gain channel 
and probe available for audio circuit exploration. Both input chan-
nels are constantly monitored by an electron ray beam indicator, 
so that visual as well as aural signal indications may be observed. 
The instrument can also be used for comparative estimation of 
gain per stage. 
A decidedly unusual feature is a noise localizer circuit in con-

junction with the audio probe. With this system. a DC potential 
is applied to a suspected circuit component and the action of the 

qdearigee 
DECADE RESISTANCE KIT 

MODEL DR-I The Decade Resistance Kit provides 
individual switch selection of re-

s l 950 sistance values using twenty 1% 
e resistors providing a choice of 1 

SHIP. WT. to 99,999 ohms in 1 ohm steps. 
Ceramic wafer switches, silver-

4 LBS. plated contacts, smooth, positive de-
tent action, baked enamel panel, and handsome, 
polished birch cabinet. 

nmee.e-w.,e,z,zrega 

qieadielt 

DECADE CONDENSER KIT 
The Heathkit Decade Condenser Kit 
features silver mica, precision con-
densers with a rated accuracy of 
1%. Capacity values are arranged in 
three decades from 100 mmf to . 111 
mf in steps of 100 mmf. Ceramic 
wafer switches with silver-plated con. 
tacts and smooth decent action. Use-
ful in laboratory work, for circuit development. 

MODEL DC-1 

$16"  • 
SHIP WT 
4 LBS. 

'Wear/set RESISTANCE 

SUBSTITUTION BOX KIT 
MODEL RS-1 

$550 
• 

SHIP. WT. 
2 LBS. 

The Heathkit Resistance Sub-
stitution Box provides indi-
vidual switch selection of any 
one of 36 RIMA 1 watt 
10% standard value resistors, 
ranging from 1 i ohms to 
10 meghoms. Many applica-
tions in circuit development 
work, and also in radio and 

TV service work. ideal for experi-
mentally determining resistance values 
and for quickly altering circuit oper-
ating characteristics. Entire unit 
housed in attractive Bakelite cabinet, 
featuring the new universal type 
Heathkit binding posts to simplify 
circuit connections. 

• 
• 
• 

e 

voltage in in the component can be seen 
as well as heard. Invaluable for ferreting out noisy or intermittent 
condensers, noisy resistors, controls, coils. IF and power transform-
ers, etc. A built-in calibrated wattmeter circuit is very useful for a 
quick preliminary check of the total wattage consumption of the 
equipment under test. Separate panel terminals provide external 
use of the speaker or output transformer for substitution purposes. 
Saves valuable service time by eliminating the necessity for speaker 
removal on every service job. The terminals also permit the utili-
zation of other shop equipment, such as your oscilloscope or 
VTVM. The T-3 Signal Tracer can be used as a high gain 
amplifier for checking tuners, record changers, microphones, phono 
crystals, etc. 

Don't overlook the interesting service possibilities provided 
through the use of this new instrument and let it work for you 
by saving time and money. The kit is supplied complete with all 
tubes, circuit components, demodulator probe, audio probe, and 
additional test leads. 

qdextedtea 
CONDENSER CHECKER KIT 

MODEL C-3 

495? 
SHIPPING WT. 

8 POUNDS 

Use the Heathkit C-3 Con-
denser Checker to quickly 
and accurately measure 
those unknown condenser 

and resistor values. All readings are taken direct-
ly from the calii.,ated panel scales without re-
quiring any involved calculation. Capacity meas-

urements in four ranges from .00001 mf to 1,000 mf. Checks paper, 
mica, ceramic, and electrolytic condensers. A power factor control is 
available for accurate indication of electrolytic condenser measurements. 
A leakage test switch with switch selection of five polarizing voltages, 
25 volts to 450 volts DC, will indicate condenser operating quality 
under actual load condition. The spring return leakage test switch 
automatically discharges the condenser under test and eliminates shock 
hazard to the operator. 

Resistance measurements can be made in the range from 100 ohms 
to 5 megohms. Here again all values are read directly on the calibrated 
scale. Increased circuit sensitivity coupled with an electron beam null 
indicator increases overall instrument usefulness. 

For safety of operation the circuit is entirely transformer operated 
and the instrument is housed in the attractive, newly-styled Heathkit 
cabinet, featuring rounded corners, and drawn aluminum panel. The 
outstanding low kit price for this surprisingly accurate instrument in-
cludes necessary test leads. Good service shop operation requires the 
use of this specialized instrument, designed for the express purpose of 
determining unknown condenser values and operating characteristics 
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'leeatdieeti AMATEUR 

TRANSMITTER 
KIT 
MODEL AT- 1 

SHIPPING WEIGHT 

16 POUNDS 

Here is the latest Heathkit addition to the ham radio field, the 
AT- 1 Transmitter Kir, incorporating many desirable design fea-
tures at the lowest possible dollar-per-watts price. Panel mounted 
crystal socket, stand-by switch, key click filter, AC line filtering, 
good shielding, etc. VFO or crystal excitation— up to 35 watts 
input. Built-in power supply provides 425 volts at 100 ma. 

This kit features pre-wound coils, single knob band switching, 52 
ohm coaxial output, plug in chassis provisions for VFO or modu-
lator and rugged dean construction. Frequency range 80, 40, 20, 

NEW Weeiteeet 

ANTENNA COUPLER KIT 
New Heathkit Antenna Coupler, speci-
ally designed for the Heathkit AT- I 
Transmitter. The Antenna Coupler can 
be used with any 52 ohm coaxial in-
put — up to 75 watts power. Low 
pass filter with cut-off frequency of 
approximately 36 mc — L section 
tuning network — neon tuning indi-
cator — rugged, compact construction — 
transmitter type variable condenser, and 
high Q coil are all outstanding features. 
The AC-I has both inductance and capa-
city tuning for maximum operating versa-
tility. Dimensions 8IS" wide x 4.' s" 
high x 47/8" deep. 

Ç;eeettitee 
COMMUNICATIONS RECEIVER KIT 

MODEL AC-1 

lemerv 

CHECK THESE 

NEW ‘7e4eXetee 

v. Single knob band switching 

Pre-wound coils 

V' Metered operation 

tv 52 ohm coaxial output 

1." Crystal or VFO excitation 

V' Built-in power supply 

Rugged, clean construction 

15, II, and 10 me:ers. Tube line-up 6AG7 oscillator-multiplier, 
61..6 amplifier-doubler, 5U4G rectifier. Physical dimensions 8l¡i" 
high x 13 1 s" wide x 7" deep. 

This amazingly low kit price includes all circuit components, 
tubes, cabinet, punched chassis, and detailed construction manual. 
The ideal kit for the novice just breaking into ham radio. It can 
be used later on as a stand-by rig or an all band exciter for higher 
powered transmitter. 

MODEL AR - 2 

$255• 12 LBS. 

0 SHIP. WT. 

qeeaddit 

ANTENNA IMPEDANCE METER 
1, die I It arltkn Antenna Intredan, Meter for 
measuring antenna impedance for line matching pur-
poses — adjustment of beam antennas— phone mon-
itor, etc. It will determine antenna resistance at 
resonance, match transmission line for minimum 
S's' R, determine receiver input impedance, and pro-
vide a rough indication of SWR. Precision resistors, 
germanium diode, 100 micro- $ 14 
ampere Simpson meter. Dial 
calibrated from 0-500 ohm, • Shielded aluminum cabinet. 7" 
long x wide x 31._," deep. SHIP. WT. 3 LBS. 

Here is the new receiver kit you have ". 
repeatedly asked for, the Heathkit • 
Communications Receiver. The per-
fect companion piece for the AT- 1 

Transmitter kit. Many outstandingly desirable 
features have been incorporated in the design 
of the AR-2; such as, electrical bandspread 

for logging and tuning convenience— high gain miniature tubes — IF 
transformers for high sensitivity and good signal to noise ratio — 
separate RF gain control with optional automatic volume control or 
manual volume control, in addition to the conventional audio gain 
control. Noise limiter — stand-by switch— stable BFO oscillator circuit 
— headphone jack — transformer operation, etc., all contribute to a 
high performance standard. 

Frequency coverage is continuous from 535 kc to 35 mc in four 
ranges. For added convenience, various ham bands have been separately 
identified in respect to their relative placement on the slide rule tuning 
scale. A chassis Mounted, 51/2 " PM speaker is included with this kit. 
Tube line up 12BEG mixer oscillator. 12BA6 IF amplifier, 12AV6 de-
tector AVC audio, 12BAG BFO oscillator, I2A6 beam power output, 
5Y3GT rectifier. RECEIVER CABINET 
Proxylin impregnated, fabric covered, plywood cabinet with aluminum 
panel designed expressly for the AR-2 Receiver. Part 91-10, shipping 
weight 5 lbs., $ 4.50, 

e 

o 

e 

MODEL AM- I 

IMPROVED 'Wecitdet 

GRID DIP 
METER KIT 

195?"17 
MODEL GD-1B 

The invaluable instrument 
for service men, hams, and 
experimenters. Useful in TV 
service work for alignment 
of traps, filters, IF stages, 

peaking compensation networks, etc. 
Locates spurious oscillation, provides 
a relative indication of power in 

transmitter stages, use it for neutralization, locating para. 
shies, correcting TVI, measuring C. 1_, and Q of compo-
nents, and determining RF circuit resonant frequencies. 
With oscillator energized, useful for finding resonant fre-
quency of tuned circuits With the oscillator not energized, 
the instrument acts as an absorption wave meter. Variable 
meter sensitivity control, head phone jack, 500 microampere 
Simpson meter. Continuous frequency coverage from 2 rnt 
to 250 mc. Pre-wound coil kit and 
rack, new three prong coil mount-
ing. GAF4 high frequency triode. 

Two additional plug-in coils are, 
available and provide continuous 
extension of low frequency cover-
age down to 355 kc. Dial correla-
tion curves included Shipping 
weight I lb., kit 341, $ 3.00. 
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$ 3 4, 5.0 
SHIP. WT. 12 LBS. 

CHECK THESE "Peetteced 
V. First popular priced 0 Meter 

Reads 0 directly on calibrated scale 

V Oscillator supplies RF frequencies of 
150 kc to 18 mc 

Calibrate capacitor with range of 
40 mmf to 450 mmf with vernier of 
± 3 mmf 

V Measures O of condensers, RF resis-
tance, and distributed capacity of 
coils 

IV Many applications in design and de-
velopment work 

V' Useful in TV service work for check-
ing deflection yokes, coils, chokes, etc. 

Another outstanding example of successful Heathkit engineer-
ing effort in producing a Q Meter Kit within the price range 
of TV service men, schools, laboratories, and experimenters. 
This Q Meter meets RI' design requirements foi rapid, accurate 
measurement of capacity, inductance, and Q aft the operating 
frequency and all indications of value can be read directly on 
the meter calibrated scales. Oscillator section sdpplies R fre-

quencies of 150 L to IS mc. Calibrate capacitor with range 
of 40 mmf to 450 mmf, with vernier of ±- 3 mmf. 

Particularly useful in TV service work for checking peaking 
coils, wave traps, chokes, deflection coils, width and linearity 
coils, etc. At this low kit price research laboratory facilities 
are within the range of service shops, schools, and experi-
MerlterS. 

ile,ett`feje INTERMODULATION ANALYZER KIT 
The I leatlikit I NI-1 is an extr:mely versatile instrument specifically designed 
for measuring the slegrce of inter-action between two signals in any portion 
of an audio chain. It is primarily intended for making tests of audio amplifiers, 

MODEL IM- 1 but may be usrd in other applications, such as checking microphones, records, 

3 
recording equipment, phonograph pick-ups. and loud-speakers. High and low 

S  test frequency soutce, intermodulation unit. power supply, and AC vacuum 
tube volt meter all in one complete instrument. Per cent intermodulation is 

0 directly read on the calibrated scales. 30%, 10%., and 3% full scale. Both 4:1 
and I: I rat os of low to high frequency easily set up. With this instrument the 
performance keel of present equipment, or newly developed equipment can 

SHIPPING WT. he easily and accurately checla7d. At this low price, you can now enioy the 
17 POUNDS 1,,ndits of imermodulation analysis for accurate audio interpretation. 

çl‘eatec't AUDIO GENERATOR KIT f‘eciteit' AUDIO OSCILLATOR KIT 
A I.  with frequ,,, 
LS loon 20 c)cles to I inc. Kv-

il,,,± I db Irons 20 cycles to 400 
kc, chois n 3 db al 600 l‘c, and down only 
S db at I nie. Calibrated, continuously vari• 
able, and step attenuator output controls 
provide convenient reference output level. 
Distortion is less than from 100 cps 
through the audible range. The ideal con-
trollable extended frequency sine wave 
source for audio circuit investigation and 

development. 

SHIP. WT. 11 LBS. 

leeeted&e 
AUDIO FREQUENCY METER KIT 

-----":"^-- ire Heathkit Audio Frequency 
' Meter provides a s•mple and con-! 
scilient means of chaking un-
known audio frequencies from 10 

.les to 100 kc at any voltage 
ea 'e .. sel between 3 and 30e volts rms 

with any non-critical wave shape. 
Instrument operation :s entirely 

MODEL AF-1 electronic. Just set the range switch, 
feed an unknown frequency into the in-
strument, and read the frequency di-
rectly on the calibrated scale of the Simp-
son 41-2" meter. 

Sine I r square wave c,cerage trom 20 to 
20,002 cycles in three ranges at a control-
lable output level up to 10 volts. Low dis-
tortion, 1%7', precision resistors in multi-
plier circuits, high lestl output across en-
tire frequency range, etc., readily qualify 
this instrument for audio experimentation 
and development work. Special circuit de-
sign consideration features thermistor op-
eration for good control of linearity. 

SHIP. WT. 11 LBS. 

"4‘eateie 
SQUARE WAVE GENERATOR KIT 

l• 
$ v----

MODEL SO-1 

$ 2 9 5.° 
SHIP. WT. 12 LBS. 

The lieatlikit Square \Vase Gesses air pro-
vides an excellent square wave frequency 
souice with completely variable coverage from 
10 cycles to 100 kc. This generator features 
low output impedance of 600 ohms and the 
output voltage is continuously variable be-
tween O and 20 volts, thereby providing the 
necessary degree of operating flexibility. An 
invaluable instrument for those specialized 
circuit investigations requiring a good, stable, 
variable square wave source. 

HEATH COMPANY • Benton Harbor 26, Mich. 
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CHECK THESE 

NEW 7e4ee4 

ke Plays all record sizes, all speeds 

Newly developed ceramic cartridge 

Fe Automatic shut-off for both changer and 

amplifier 

V Acoustically correct cabinet enclosure 

V Modern attractive styling 

Pe Two 6" PM matched speakers 

V Compensated volume control 

Easy to assemble 

An entirely new introduction ti) quality record reproduction, a simple 
to operate, compact, table top model with none of the specialized 
custom installation problems usually associated with high fidelity 
systems. Two matched, synchronized speakers mounted in an acousti-
cally correct enclosure reproduce all of the music on the record. 
Musical reproduction with the unique sensation of being surrounded 
by a halo of glorious sound. This spectacular characteristic is possible 
only because of the diffused non-directional properties of the matched 
dual speakers. The Heathkit Dual makes listening to fine recorded 
music a thrilling new experience through naturally clear, life- like 
reproduction of sound at all levels throughout the tonal system. The 
performance level is vastly superior to that of the ordinary phonograph 
tir console selling for many, many times the price of the Dual. 
Record Changer plays all sizes - all speeds -automatic shut-off for 

changer .ind amplifier after the last record is placed. A wide tonal 

range ceramic cartridge features an ingenious turn-undef twin sap-
phire stylus for LP or 78 records without turning the cartridge. 

Simplified, easy to assemble, four tube amplifier features compen-
sated volume control and separate tone control. Proxy:in impreg-
nated fabric covered cabinet supplied completely assembled. You 
build only the amplifier from step by-step construction. No special-
ized tools or knowledge required, as full recognition has been given 
to the fact that many purchasers of this kit enjoy good musical re-
production on a purely non-technical basis, and the construction 
manual has been simplified to the point where even the complete 
novice can successfully construct the FleathIc Dual. The price of the 
Heathkit Dual includes cabinet. — Record Changer. two 6" PM 
speakers, tubes. and all circuit component, required for amplifier 
(011StrUt ti011. 

HEATH COMPANY • Benton Harbor 2 6, Mich. 
(pee , ORDER BLANK ,,„„ , 
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SPEAKING->, 

When it comes to handling reams of press 
copy, commercial messages and facsimile on 

an around the clock basis—more and more, 
engineers are agreed that the rugged, 

straightforward, easy to service and depend-
able Gates high powered transmitters are the 

answer. 

Date line—Bangkok, Thailand, Egypt, Nor-
way, Dakar, Alaska, San Salvador, Korea, 

New York, or you name it — the best guess 
is — copy via Gates-made international short 
wave transmitters. Any Gates office w;11 

glad:y participate in your planning. Over-

seas customers will also find a Gates repre-
sentative close at hand. 

Two Gates 10,000 watt transmitters installed at Press Wire-
less, Inc., Hicksville, L. 1., N. Y., one of the world's foremost 
companies in international communications 

GATES RADIO COMPANY 
Manufacturing Engineers Since 1922 

QUINCY, ILLINOIS • — U. S. A. 

INTERNATIONAL- 13 East 40th St.. New York City 
(Cable • • ARLAB) 

o 
51 East 42nd St. 
New York Gty 

E W Bldg. 
S Washington, D. C. 

I 2700 Polk Avenue 
C Houston, Texas 

7501 Sunset Blvd. 
Los Angeles, Calif. 

13th Si. Spring Sts. 
Atlanta, Georgia 

Canadian Marconi Co. 
Montreal, Canada 
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E. F. JOHNSON COMPANY 
224 SECOND AVENUE SOUTHWEST 

JOHNSON VIKING II TRANSMITTER KIT 
TVI suppressed, bandswitching and completely self-contamed, the Viking Il transmitter 
delivers 130 watts CW output and 100 watts phone160 through10 meter amateur bands. 

Output Range 
Band Frequency Range Band Frequency Range 
160 1.8 mc. — 2.4 mc. 20 9.8 mc. — 15.0 mc. 
80 2.9 mc. — 4.4 mc. 15 15.0 mc. — 21.8 mc. 
40 5.2 mc. — 8.0 mc. 10-11 21 mc. — 30 mc. 

Effectively TVI suppressed, features include a heavily copper plated cabinet serving as a 
simple RF shield. Lid is bonded to cabinet with silver plated phosphor bronze contact 
fingers yet is easily opened by removing lust three thumb screws. Cabinet lid and bottom 
plate are perforated for effective air cooling. 
Special shields provided for meter, .dial window and shaft openings. Choke-capacitor 
type filters for power line leads, VFO receptacle, antenna relay terminals as we ll as 
key and mike jacks, plus internal filters at RF tubes effectively eliminate spurious radiation. 
Wide range pi-network output tuning system provides up to 30 DB second harmonic 
attenuation before any external filtering. Shielded coaxial connectors are used for RF 
output and VFO input terminals. 
RF section consists of a 6AU6 oscillator, a 6A05 buffer doubler and parallel 6146 out-
put amplifier. Modulator; pp 807's operating class ABI with 6AU6 speech amplifier and 
6AU6 driver. Parallel 5R4GY HV rectifiers. 5V4G low voltage rectifier with 6AL5 
bias rectifier and 6A05 clamper screen voltage regulator. Fixed bias applied to buffer 
and output amplifier for break-in CW Operation. Audio response limited to center of 
speech range. 
All parts furnished including a complete set of tubes, cabinet, punched chassis, wiring 
harness, wire, terminals, grommets and all other hardware. Carefully detailed and illus-
trated instructions for assembly, test, and operation are also included. 
Supplied for 115 volt 50/60 cycle operation only. Cabinet dimensions 20' wide, 1014' 
high, 13' deep. Net weight assembled, 65 pounds. 
Cat. No. 

Amateur Net 
240-102 Viking II Transmitter Kit with tubes, less crystals, key, and mike $323797..0500 
240-102-2 Viking II Transmitter, w ired and tested  

VIKING VFO KIT 
Variable frequency oscillator with 160 and 40 meter output for frequency multiplying 
transmitters. Accurately calibrated for all amateur bands from 160 thru 10 meters. 6AU6 
electron coupled oscillator, 0A2 voltage regulator. Excellent stability is assured by 
temperature compensated padders and rigid construction. 6-1 vernier tuning with high 
reset accuracy. Power requirements 6.3 volts, 3 amperes, 250-300 volts 15 ma, DC un-
regulated. (Power and input connections provided on every Viking transmitter.) Kit 
furnished complete, less tubes. All parts, assembly and calibration instructions included. 
When used with a Viking II or other shielded transmitter having filtered power leads, 
no TVI suppression measures are required. 
Cat. No. 

Amateur Net 240-122 Viking VFO Kit, less tubes $42.75 
240-122-2 Viking VFO Kit, wired and tested  63.75 

JOHNSON "MATCHBOX" 
..Matchbox" loads an almost infinite variety of antennas from 3.5 to 30.0 mcs. Matches 
balanced antennas from 25 to 1200 ohms resistance. Loads unbalanced, or single wire 
antennas of approximately 25 to 3000 ohms resistance. Tunes out large amounts of re-
actance. Self-contained antenna changeover relay. Bandswitching—front panel con-
trols— no internal adjustment required to change bands. 
Cat. No. 

Amateur Net 
250-23 Johnson -Matchbox-, assembled, wired, tested  $49.85 

LOW PASS FILTER 
The Johnson Low Pass Filter consists of four individually shielded sections. Handles more 
than 1000 watts RF, provides 75DB or more attenuation above 54 mc. Insertion loss, less 
than .25DB. Teflon insulated fixed capacitors are replaceable. SO-239 coaxial connec-
tors at each end. Furnished completely wired and pre- tuned. 
Cat. No. 

Amateur Net 250-20 Low Pass Filter  $13.50 

JOHNSON SIGNAL SENTRY 
CW OR PHONE MONITOR—ALL BANDS, NO TUNING 

A non frequency sensitive RF actuated monitor, the Johnson Signal Sentry monitors CW 
or phone on all amateur bands to 50 mc. Triggered directly by transmitter RF, unit acts as 
On the Air" indicator because transmitter failure is immediately apparent by lack of 

monitor output. Circuit designed to mute receiver audio when energized by transmitter 
enabling break-in operation. Powered from receiver or other available supply, the 
Signal Sentry is easily installed by plugging into receiver headphone jack— plugging 
headphones into monitor and coupling RF probe to transmitter. Controls: CW TONE and 
audio VOLUME. 
Maroon cabinet only 3 74 • x 3 w x 33e.. Unit is supplied wired and tested including 
Instructions and all cables and connectors for installation. Tubes required but not fur-
nished: one 12AX7, one 12AU7. Shipping weight 3 lbs. 
Cat. No. Amateur Net 
250-25 Johnson Signal Sentry, less tubes and power supply $14.70 

SWR BRIDGE 
Provides accurate measurement of standing wave ratios to insure most effective use of a 
low pass filter and antenna coupler For ultimate in TVI suppression. 52 ohms impedance 
can be changed to 70 ohms or other desired value. Equipped with SO-239 connectors 
and polarized meter jacks. 
Cat. No. Amateur Net 250-24 SWR Bridge  $9.75 



AND JACKS, KNOBS AND DIALS, AND PILOT LIGHTS 

WASECA MINNESOTA 

6 BAND VIKING MOBILE TRANSMITTER 
Power packed mobile kit designed especially for advanced amateurs who demand peak 
performance. Rated at 60 watts maximum PA input, the Viking Mobile Transmitter fea-
tures instant bandswitching (75, 40, 20, 15, 11, and 10 meters) and gang-tuning for 

A maximum operating conyenience.100% M modulation engineered for communications 
audio pass band. Adjustable, single control coupling system simplifies loading. Ganged 
coupling circuits for each band are pre-tuned for efficient antenna matching. Separate 
PA trimmer permits unusually large frequency excursions without antenna loading coil 
adjustments. RF section, 68146 oscillator, 6A05 buffer doubler and 807 power amplifier. 
Powerful PP 807 modulator, operates well within ratings and is designed for extra audio 
punch necessary for solid mobile communications. 6BH6 speech amplifier and 6BH6 
driver has sufficient gain for either high impedence or carbon microphone. 
Unique RF bias system protects RF tubes and modulators and eliminates power-wasting 
cathode resistor bias. Special -Tune, Receive, Transmit- switch enables -non-swish-
VFO tuning and receiver muting. Other controls: Audio Gain, PA Exitotion, Meter 
Switch, Crystal selector and filament On-Off. 
Unit may be wired for either 6 or 12 volts. Designed for maximum efficiency using power 
supplies delivering 300 volts (30 watts PA input) to 600 volts (60 watts PA Input) at 200 
MA, the Viking Mobile is furnished in kit form with all ports, punched chassis, hardware 
and connectors. Step by step instructions completely illustrated for simplified assembly by 
the experienced amateur. Complete control wiring specifications and antenna sugges-
tions included. Dimensions 674;i'x7 S'is1(>46'. Weight 16 lbs. Less tubes, crystals, micro-
phone and power supply. 
Cat. No. Amateur Net 
240-141 Viking Mobile Transmitter Kit  $99.50 
240-141-2 Wired and Tested Viking Mobile available on special order. 

VIKING MOBILE VFO 
A diminutive variable frequency oscillator designed specifically for mobile use, the 
Viking Mobile VFO measures only 4 'x4 Ys 'x5'. Double bearing ceramic insulated tuning 
capacitor ... ceramic air dielectric trimmers ... ceramic switches ... ceramic coil form 
and heavy aluminum cabinet minimize frequency shift due to road shock and vibration. 
Split colpitts oscillator, compensated for an extremely wide range of ambient tempera-
tures, is voltage regulated. Separate amplifier-multiplier stage, operating essentially 
class A, provides isolation for constant oscillator loading. 
Edge lighted lucite dial with vernier tuning designed for maximum visibility and accurate 
reset; VFO is calibrated for 75, 40, 20, 15, 11 and 10 meter bands. Output 3.5 to 4 mc. 
for 75 meter band and 7.05 to 7.45 for 40, 20,15 and 10. 10.5 mc. output also available 
for straight doubling to 15 meters. Tube lineup, 6BH6 oscillator, 6BH6 buffer-multiplier 
and 0A2 regulator. Adequate output will drive any straight pentode crystal stage. 
Cables and connectors for use with Viking Mobile supplied; easily adapted for use with 
virtually any mobile transmitter. Complete kit includes all ports, hardware and assembly 
and operating instructions. Weight approximately 3 lbs. 
Cat. No. Amateur Net 
240-152 Viking Mobile VFO Kit, less tubes  $29.45 
240-152-2 Viking Mobile VFO wired and tested, less tubes  44.95 

"JOHNSON BI-NET" 
Fully Automatic — Dual Band Antenna Resonator — Patents Pending 
Dual mobile antenna loading network for 10 and 20 meters. Mounts in center of standard 
mobile whip antenna for completely automatic band change while in motion. No relays 
or mechanical control required. Consists of two adjustable silver plated inductors and 
ceramic insulated fixed capacitor enclosed in a streamlined plastic housing. ee x 94 
female threads for antenna mounting. Size, 446' high, 554t;' long, 2,W wide. Weight, 
14 oz. 
Cat. No, Amateur Net 
250-22 $10.95 

DYNAMOTOR POWER SUPPLIES 
Supplies plate voltages for all stages of JOHNSON VIKING MOBILE and VFO; PA 
Input approximately 50 watts. Base contains contactor, fuses, filter and 50 watt adjust-
able dropping resistor. Supplied with connectors for Viking Mobile. Completely wired 
and assembled. Dimensions dile x 7 l/.s' x 7W. Rated 500 volts, 200 ma. intermittent. 
Weight 13 34 lbs. 
Cat. No. Amateur Net 
239-102 Dynamotor Power Supply 6 volt primary  $89.50 
239-104 Dynamotor Power Supply 12 volt primary  92.50 

DYNAMOTOR BASE KITS 
Complete kit with all parts as above less dynamotor. Supplied with receptacles and 
plugs for Viking Mobile power and control cables. 
Cat. No. Amateur Net 
239-101 6 volt base kit   $16.50 
239-103 12 volt base kit   17.40 

IMPROVED ROTOMATIC ANTENNA ROTATOR 
Designed for rigorous service, the Johnson Rotomotic Rotator supports beam antennas 
weighing up to 175 pounds even under heavy icing conditions or high wind loading. 
Rotates 1 V4 RPM— full 360* either direction— over-all gear reduction, 1200 to 1 
Heavily chrome plated RF slip rings provide smooth, noise free operation qnd low con-
tact resistance. Auxiliary slip rings provided for antenna switching relay control. Ro-
tator housing is cast alumiium; with tù steel rotating table. Unit hinged to tilt 90° for 
antenna adjustments; can be rotated in tilted position. Complete assembly includes at-
tractive desk top control box with selsyn indicator. Azflnuth bearings continuously pre-
sented on illuminated dial. Controls include reversible rotation switch, power switch, 
and antenna relay switch. Weight 76 pounds. 
Cat. No. Amateur Net 
138-112 Rotomatic Rotator $324.00 
144-16 8 Conductor Control Cable  .26 ft. 

PARASITIC BEAM ANTENNAS—ELEMENT KITS—BOOMS 
Descriptive literature and prices available on request. 
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E. F. JOHNSON COMPANY 
224 SECOND AVENUE SOUTHWEST 

SPEED-X KEYS, PRACTICE SETS, BUZZERS 

Standard Semi-Automatic Keys 
Improved model, heavy steel base, rubber 

feet. Chrome plated vibrator and hardware. 
Ten adjustments, lowest and highest speeds. 
Circuit closing switch. Adjustable paddles. 
114-500 1,é contacts; black wrinkle.. $13.50 
114-501 kt contacts, polished chrome. 19.20 
114-501L Lefthonded   21.00 

New Special Semi-Automatic Key 
Combines best features of former amateur and 
professional models. Heavy cost metal base, 
6 x 3. n finished in black wrinkle 
enamel. Vibrator some as on deluxe key-
easy action and speed adjustment from lowest 
to highest speeds. Hardware and vibrator 
heavily chrome plated. W  coin silver con-
tacts. Lock nuts. Rubber mounting feet. Circuit 
closing switch. 
114-520 Sp. Model, Semi-Automatic $11.50 

Heavy Duty Keys 
Chrome plated key arm. 14' coin silver 

contacts. Navy knob. 
114-320 Black wrinkle enamel base  $3.60 
114-321 Polished chrome plated base 5.10 

Standard Keys 
High quality, low cost. Provision for plug-

ging in semi-automatic key. 3ii" coin silver 
contacts. 
114-310 Black wrinkle, less switch 1 3.00 
114-310S Black wrinkle, with switch. 3.25 
114-311 Chrome plated, less switch . . 4.90 
114-311S Chrome plated, with switch 5.15 
114-316 Brass wrinkle, less switch. 3.00 

Molded Base Keys 
Black phenolic base. Xi' coin silver contacts. 

Metal parts nickel plated. 
114-301 Less switch  

Practice Keys 
For beginners, h' coin silver contacts. 

114-300Moldedbrownphenolicbase. $1. 85 

Practice Set 
Constant frequency buzzer & key mounted 

on 4 x 6' phenolic base. 
114-450 Code practice set  $3.95 

Constant Frequency Buzzer 
Fully adjustable, holds frequency. Uses 2 

dry cells or battery. 
114-400 Constant frequency buzzer $1.50 

Telegraph Sounder 
Formerly manufactured by the Signal Electric 
Company, Menominee, Michigan, this im-
proved telegraph sounder is designed for in-
stant response. Brass sounder gives clear 
resonant tone-steel bar frame with black 
enamel finish. Brass bridge and adjustment 
screws, with instrument lacquer finish-block 
lacquered steel sounder plate. Instrument 
mounted on mahogany finished wood base, 
brass binding posts and rubber feet. 
Net weight 2 lbs., shipping weight 3 lbs. 
114-112 Signal No. 112-S (4 ohms resistance) 
114-113 Signal No. 113-S(20 ohms resistance) 

Telegraph Key M100 
Another outstanding signal key, now manu-
factured by E. F. Johnson, this professional 
telegrapher's key is equipped with circuit 
closing switch. Base, binding posts and switch 
lever are brass with instrument lacquer finish. 
Polished nickel plated key lever. Platinor con-
tacts .072' diameter. Net Weight 1 lb. 

St 95 114-100-3 Signal No. M-100 

HI-Q AIR WOUND HAM INDUCTORS 
Swinging link inductors for amateur bands 160 thru 6 meters; 150, 500 and 1000 watt sizes. Two 
Inductance values for each band permit choice of appropriate L/C ratio dictated by amplifier 
plate voltage and plate current. Polystrene insulation, Steatite bases and heavier wire sizes 
insure highest efficiency. HCS-Inductors match high voltage, low current tubes. LCS-Inductors 
match low voltage, high current tubes. 

Swinging Link Coils 
1000 Watt Max. Net 500 Watt Max. Net 150 Watt Max. Net 
Type No. Cap.* Price Type No. Cap.* Price Type No. Cap.* PrIce 

1000HCS160 99 $7.50 500HCS160 100 $3.75 150HCS160 102 53.30 
1000LCS160 140 7.50 500LCS160 148 3.75 150LCS160 151 3.30 
1000HCS80 46 6.70 500HCS80 45 3.45 150HCS80 51 3.00 
1000LCS80 73 6.70 500LCS80 76 3.45 150LCS80 68 3.00 
1000HCS40 24 6.05 500HCS40 27 3.15 150HCS40 28 4.70 
1000LCS40 55 6.05 500LCS40 50 3.15 150LCS40 57 2.70 
1000HCS20 19 5.55 5001-1CS20 25 2.70 150HCS20 21 2.40 
1000LCS20 26 5.55 500LCS20 37 2.70 150LCS20 32 2.40 
1000H LCS14 19 5.20 500H/LCS14 19 2.25 150H/LCS14 19 2.10 
1000H LCS10 18 4.90 500H/LCSI 0 19 2.10 150H/LCS10 19 1,95 

500H/LCS6 18 2.10 150H/LCS6 16 1.95 
Digits at the end of catalog numbers indicate the amateur band inductors tune. 
*Maximum capacity required for resonance at the low frequency end of band. 

Jack Bar Assemblies 
Watts Type No. Net Price 
150 150JBS  .90 
500 500.1BS  1.20 
1000 1000JBS  1.80 

Rotary Inductor 
TYPe No. 229-201 (not illustrated) Variable 
pitch winding of No. 14 tinned copper wire. 
Maximum inductance 10 microh en ri es. Form and 
end plates Steatite, roller contact. Overall size, 
2 le wide x 4 ji • long x high. Net Price 8.85 

Swinging Link Arm Assemblies 
150 500SLA For 150/500 Watt Inductors, 
  $1.15 

1000SLA For 1000 Watt Inductors 1.40 

"Plug-In" Swinging Links 
Type Na. No Turns Net Price 

150/500SL12 12 $1.80 
150/500SL5 5 1.15 
150 /500SL2 2 1.00 
1000SL10 10 1.90 
1000SL5 5 1.45 
1000SL2 2 1.10 

FARADAY SHIELD 
Cat. No, Description Net Price Cat. No. Description Net Price 
238-303 150/500 watt swinging link shield, 238-301 105/500 watt link shield only. 1.45 

hood and lead assembly  $2.60 238-302 1000 watt link shield only... 1.60 
238-304 Sameasabove, for 1000 watts  2.75 Metallic plated screen on polystyrene discs. 



CAPACITORS, INDUCTORS, SOCKETS, INSULATORS, PLUGS 

AND JACKS, KNOBS AND DIALS, AND PILOT LIGHTS 

WASECA MINNESOTA 

VARIABLE CAPACITORS 
Partial Listing 

This is a partial listing of the large JOHNSON line of quality capacitors. Several types are 
not shown, likewise many additional sizes are available in most types. All types employ steatite 
Insulation. Approximate flashover voltage is 100x final numerals in catalog numbers (except 
Type N). ..1" dimension is overall length less shaft extension. 

TYPES C and D 
Sturdy, rigid construction at low cost! Aluminum plates .051' thick, rounded edges. Panel SPOCe 
Type C, 514' wide x 5%' high, Type D, 434' wide and 4' high. 

Type C-Single Section Type C-Dual Section 
Max. 

Max. Air No. Net Cap. Air No. Net 
Type No. Cap. Gap Plates L Price Type No. PerSect.Gap Plates L Price 
250(70 252 .175' 24 6'34 14.25 300CD70 305 .175' 29 163'4 22.80 
500070 496 .175' 47 1234 17.40 150CD90 147 .250' 19 14"4 18.00 
350C90 337 .250' 43 14234 17.00 50CD110 50 .350' 8 1034 12.35 
50C110 51 .350' 8 4"4 8.75 100(0110 103 .350' 17 16"í2 18.40 
100(130 102 . 500' 21 134 12.20 50CD130 51 .500' 10 14",is 14.70 

TYPE D-Single Section TYPE D-Dual Section 
500035 496 .080' 39 6"4 13.50 5000035 4S51 :080: 39 13",2 20.70 
150045 146 .125' 17 43'5,2 8.35 1500045 1 I', 13.30 
70070 72 .175' 11 4"M 7.50 500070 52 .175' 8 5"4 9.50 
100070 98 .175' 15 4"4 8.10 700070 72 .175' 11 7"fs 11.00 
250070 244 .175' 37 10'4 12.00 1000070 97 .175' 15 9"42 12.40 
100090 99 .250' 19 7"4 9.15 1500070 151 .175' 23 13' 14 16.00 
150090 149 .250' 29 104 11.00 50DD90 52 .250' 10 91'4 11.00 

TYPES E and F 
Rugged compact units for low and medium power transmitters.Aluminum plates .032 thick, rounded 
edges. Stainless steel shafts. Panel space, Type E, 2% square, Type F, 246' square. 

TYPE E-Single Section TYPE E-Dual Section 
Max. 

Man. Air No. Net Cap. Air No. Net 
lvt, No. Cap. Gap Plates L Price Type No. Per Sect.Gap Plates L Price 
350E20 353 .045' 33 3"4 6.10 300E020 312 .045' 29 63'4 9.90 
500E20 488 .045' 45 4154 7.05 100E030 99 .075' 15 5% 7.85 
100E30 100 .075' 15 234 4.95 150E030 153 .075' 23 754 9.20 
250E30 251 .075' 37 4"4 6.55 200E030 196 .075' 29 8% 10.80 
50E45 53 .125' 12 2114 4.75 50E045 52 .125' 12 64 7.20 
150E45 145 .125' 33 6341 6.30 100E1)45 100 .125' 23 934 9.45 

TYPE F-Single Section TYPE F-Dual Section 
100120 106 .045' 17 2'4 5.30 100E1320 104 .045' 17 4"4 7.60 
1 50120 154 .045' 25 2% 5.90 150FD20 153 .045' 25 6 8.80 
1 OOF 30 99 .075' 25 3"4 5.90 70FD30 66 .075' 17 5314 7.70 
150E30 148 .075' 37 474 6.75 100F030 99 .075' 25 7'4 8.90 

TYPE M MINIATURE 
Smallest ever built, yet tops in performance. Ideal for VHF, miniature test equipment, etc. Pane 
space %ii' x 34'. Air gap .017. Mounts in vt. hole. 

Single Differential Butterfly 
Capacity Net Capacity Net Capacity Net 

Type No. Max. Min. Price Type No. Max. Min. Price Type No Max. Min. Price 
5M11 5.0 1.5 .95 6MA11 5.0 1.5 1.40 3M1311 3.1 1.5 1.35 
9M11 8.7 1.8 1.00 9MA11 8.7 1.8 1.55 5MB11 5.1 1.8 1.50 
15M11 14.2 2.3 1.15 15MA11 14.2 2.3 1.75 9MB11 8.0 2.2 1.70 
20M11 19.6 2.7 1.30 19MA11 19.6 2.7 2.00 11MB11 10.8 2.7 1.90 

TYPE L 
Ceramic soldered- no eyelets or rivets to loosen. All brass, soldered construction. " Bright alloy" 
plated. Ideal for rough service. Panel space 1 %' square. Air gap .030'. In addition to those 
listed, also available in Differential types. 

Single End Plate Dual Section 
Cap. per Sect. No. Net Cap. per Sect. No. Net 

Type No. Max. Min. Plates Price Type No. Max. Min. Plates Price 
10115  11 2.8 3 1.85 251_015  27 3.5 7 3.90 
25L15  27 3.5 7 1.95 5011315  51 4.6 13 4.30 
501.15  51 4.6 13 2.15 10OLD15  99 6.8 25 5.05 
75115  75 5.7 19 2.35 

Single End Plate Butterfly 
101815  10.5 2.8 5 2.20 

100115  99 6.8 21 3.60 25LB15  26 4.3 12 2.50 
200115  202 11.6 51 4.50 50LB15  51 6.8 23 2.90 

TYPE R CAPACITOR 
JOHNSON version of a highly popular standardized capacitor widely used in compact portable 
and mobile equipment. End plates are of extra heavy nickel-plated brass, Steatite insulating 
bars. All soldered and riveted construction. 

Plates Plates 
Cat. Type Net per Cat. Type Net per 
No. No. Price Sect. Length No. No. Price Sect. Length 
149-1 20R12 $2.05 3 114 149-4 75R12 $2.30 11 17M 
149-2 35R12 2.10 5 174 149-5 100R12 2.45 14 1 uís 
149-3 50R12 2.15 7 134 149-6 1401212 2.65 19 1% 

TYPE N TYPE G 
Small mounting space requirements, extremely Extremely popular as neutralizing capacitors for 
high voltage rating and fine adjustment make mediumand lowpowerstages. Also widelyused 
these neutralizing capacitors ideal. for grid and plate tuning at high frequencies. 

Capacity Net Net 
' Tyr"? No. Man. Min. Spacing Price Type No. CMapc;xp.erMSir. t.Spacin? Price 

N125   11.0 1.1 .125' 5.70 13G45   13 4.7 .125 2.75 
N250  10.6 1.4 .250' 6.75 6G70  5.7 3.5 .225' 3.00 
N375  10.7 1.7 .375' 8.60 12G70  12 6 .225' 3.50 



E. F. JOHNSON COMM 
224 SECOND AVENUE SOUTHWES 

JOHNSON KNOBS & DIALS 
Featuring fresh, advanced styling, these new JOHNSON models will enhance the appear-

ance of your equipment. Molded phenolic knobs have 12 well defined flutes, large gripping 
area. Knob faces slightly convex, sides slightly tapered to contribute to pleasing appearance. 
Beautiful satin chrome scales that will retain their new appearance indefinitely. Each knob and 
dial has brass set screw insert molded in place. Standard shaft size W, -specials- available for 
e‘ii• shafts. Special models available or quantity orders. 
Cat. No. Description Net Price 

KNOBS 
116-220 Knob,1 Wdia.,black phenolic. 5.29 
116-260 Knob,1Wdia.,black phenolic. . 39 
116-280 Knob,2 Wdia.,black phenolic. .59 

SKIRTED KNOBS 
116-221 Knob, 14' dia. with 14' black 
phenolic skirt  5.54 
116-261 Knob, 1W dia. with 2x1,¡' black 
phenolic skirt  .67 
116-281 Knob, 2:I.'s' dia. with 3- black pheno-
lic skirt     .82 

VERNIER DIALS 
116-265 Dial, 2' satin chrome scale 0-100 
over 180 decrees with 3 to 1 friction vernier 
drive and single line indicator  3.00 
116-285 Dial, 4' chrome scale 0-100 over 180 
degrees with 5 to 1 friction vernier drive and 
single line indicator. ..... 3.60 

COUNTER DIAL 
116-208-1 Counter dial with lock, 
escutcheon and 2W spinner knob. 511.10 
11 6-208-4SameOsabovewithoutdial lock 9.80 

FEEDER INSULATORS 
Nos. 136-192, -124 and -126 are conventional Cat. No. Loth. Net Price 
feeder spreaders of high grade low absorption 136-122 2' S.12 
porcelain, Silicone impregnated. No. 136-122 136-124 4' .17 
has notches for 14' line spacing. All have 136-126 6' .22 
eiuiW cross section. 

ANTENNA INSULATORS 
136-107-112, are wet process 1' in dia. 136- Cat No. Bik.g Strength Length Net Price 
104 is dry process W square. -136-32 is dry 136-104 400 lbs. 4' 5.15 
process compression strain type, 1 W long. All 136-107 800 lbs. 7' .75 
antenna insulators glazed. 136-112 800 lbs. 12' .85 

136-32 800 lbs. 1W .10 
INSULATORS AND BUSHINGS 

Stand-Off Insulators 
STE ATltE 

Cat. No. Net Price Cat. No. 
135-20 .15 135-22-2 
135-20-2 .20 135-24 
135-22 .13 

PORCELAIN 
135-60 .68 135-62 

Metal Base Types 
135-65 1W 10-32 .21 135-67 
135-66 2>1,' >1-20 .50 135-68 

Cot. No. Description Net Price 
DIALS 

116-222 Dial, 1 W bevelled satin chrome scale 
with 1 ! ï' knob. Scales as follows: 
116-222-1 100-0 over 180 degrees S .56 
116-222-2 10-0 over 270 degrees .56 
116-222-3 7-1 over 180 degrees  .56 
116-222-4 ON-OFF over 60 degrees . 56 
116-222-5 Single line  .56 
116-262 Dial, 2,1' satin chrome scale with 
single line indicator 0-100 over 180 deg. 1.40 
116-282 Dial, 4' satin chrome scale with single 
line indicator 0-100 over 180 degrees 2.00 

SPINNER KNOBS 
For multi - turn de,ces such as variable inductors, 
potentiometers etc. 
116-226Spinnerknob1WblackphenolicS.56 
116-266Spinnerknob1 Wblack phenolic .67 
116-286Spinnerknob2Wblock phenolic . 82 

INSTRUMENT KNOB 
116-214-1 for Se shaft S .33 
116-214-2 for 401' shaft  . 33 

H Hardware 
1te 10-32 
1148' 74-Jack 
1' 8-32 

414. >1-20 

135-500 
135-501 1' 
135-502 1W 

135-40 1 >1' 
135-40-2 1 S1' 
135-42 W 

135-45 1W 
135-45-2 14' 
135-46 2>1.' 
135-46-2 2W 

Steatite Cone Insulators 
6-32 .20 135-503 
8-32 .24 135-504 
8-32 .43 

Thru-Panel Insulators 
STEATITE 

10-32 .25 135-42-2 
74-Jock .33 135-44 
10-32 .24 

10-32 PORCELAIN 
.33 135-47 

74-Jock .41 135-47-2 
%-20 .84 135-48 
76-Jack 1.06 135-48-2 

Lead-In Bushings 
STEATITE 

135-50 6-32. 24 135-52 
135-51 10-32 . 40 135-55 

PILOT LIGHTS 
A partial listing of the basic JOHNSON pilot light types in greatest demand. Jewel colors 

available are red, green, blue, amber, opal and clear. 
Cat. No. Jewel Socket Net Price Cot. No. Jewel Socket Net Price 
147-100 1' Faceted Min. Scr. .60 147-802 1' Faceted Cand. Scr. .71 
147-101 1' Smooth Min. Scr. .60 147-803 1' Smooth Cond. Scr. .71 
147-103 1' Faceted Cond. Scr. .61 147-804 1' Faceted Min. Bay. .70 
147-104 1' Smooth Cond. Scr. .61 147-805 1' Smooth Min. Bay. .70 
147-106 'I' Faceted Min. Bay .63 147-808 l' Color Disc Min. Bay. .75 
147-107 Y Smooth Min. Bay. .63 147-1000" 1' Faceted Cond. Scr. 1.02 
147-300 W Faceted Min. Ser. .30 140-1001• 1" Smooth Cond. Scr. 1.02 
147-301 4" Smooth Min. Scr. . 30 147-1002' 1' Color Disc Cond. Scr. 1.07 
147-303 W Faceted Cand. Sc,. .31 147-1003" l' Faceted Cond. Scr. .99 
147-304 W Smooth Cond. Sc,. . 31 147-1004" l' Smooth Cond. Scr. .99 
147-306 W Faceted Min. Bay. . 33 147-1005" l' Color Disc Cond. Scr. 1.04 
147-307 W Smooth Min. Boy. . 33 147-1217 1' Lucite Cond. Scr. 1.16 
147-400 4 Faceted Min. Sc,. .47 147-1218 1 Lucite Min. Bay. 1.10 
147-401 4' Smooth Min. Scr. .47 147-1219 1' Lucite D.C. Boy. 1.46 
147-403 W Faceted Min. Boy. .50 147-1600 1' Bullseye Cond. Scr. 1.54 
147-404 5.4' Smooth Min. Boy. .50 147-1.604 1' Bullseye S.C. Boy. 1.46 
147-800 1' Faceted Min. Scr. .69 147-1605 1' Bullseyst D.C. Bay. 1.59 
147-801 1' Smooth Min. Scr. .69 • For S-6 bulb "For NE-45 neon bulb 

H Hardware Net Price 
1' 74 -Jack .16 
W 6-32 .10 

2>1' 51-20 

44' >1-20 
2' 10-32 

.36 

.72 

.34 

2' 10-32 .49 
3' 10-32 .85 

74' 74-Jack .32 
W 6-32 .18 

4 W 4-20 
4 W 76-Jack 
2' 10-32 
2' 74-Jack 

1.24 
1.46 
.48 
.60 

14' S1-20 .59 
6 32 .23 



CAPACITORS, INDUCTORS, SOCKETS, INSULATORS, PLUGS 

AND JACKS, KNOBS AND DIALS, AND PILOT LIGHTS 

WASECA MINNESOTA 

TUBE SOCKETS 
Highest Quality Sockets for Erery Application Net Price 

123-206 Industrial bayonet, Steatite, silver plated beryllium copper contacts. Base is 4 Pin 
super jumbo. Tension springs in shell  $2.25 

123-209 Medium 4 pin bayonet, white glazed porcelain base, metal shell, heavy phos-
phor bronze side wiping contacts. 2,3‘' Dia.  1.10 

123-20958 Some as -209 but with Steatite base and beryllium copper contacts. ...... 2.30 
123-210 Same as -209 except contact to shell spacing not os great. 2'2 Dia  1.10 
123-211 Standard 50 watt type. Similar to -209 but double filament contacts. 3%. Dio..   1.40 
123-21158 Same as -211 but with Steatite base and beryllium copper contacts  2.90 
124-212 Steatite socket for RCA833 or 833A. 5%' plate leads..   6.55 
123-216 Giant 5 pin Bayonet. For tubes such os 803, RK28. 3 -'4" ' Dia  2.60 
123-216513 Same os -216 but with Steatite base and beryllium copper contacts   4.00 
124-213 For Eimac 15211 and 304TL. Contacts arranged for either series or parallel 

hiameMs.  1.45 
124-214 For Eimac 1500TH, with ventilating hole for cooling   1.80 
124-215 For 250 watt tubes such as 204A, 849, etc. The plate terminal has a "safety cup" 

which prevents occidental dislodgement..   3.60 

Wafer Types 
Steatite top and sides glazed. Bross contacts with steel satinas cadmium plated. 

122-237 Giant 7 pin Steatite wafer. For transmitting tubes such as HK257 and RCA813. 
With 34' diam. ventilating hole in base  .72 

122-247 7 pin Steatite for tubes such as 826. Etched aluminum shield.  .85 
122-244 4 pin Steatite. Super jumbo base tubes such as 8008   1.50 
122-101 7 pin Steatite wafer with shield, retainer springs and provision for mounting 

button mica by-pass capacitors. Designed for VHF use with tubes such as 839  2.00 
122-275 Giant 5 pin Steatite wafer socket for 4-125A, RK48 tubes. Ventilation hales in 

base  1.31 

Net Price Net Price 
122-217 7 pin small.. $. 52 122-225 5 pin. .... 5.42 
122-224 4 pin. 39 122-226 6 pin. ..... .46 

Miniature Sockets 
120-267 all ceramic, 7 pin. 5.33 
120-277B with shield base, 7 pin.. .49 
133-277S shield base only.  .12 

JAN Miniature Sockets 
Top mounting, saddle type sockets 
Per JAN spec. S-28A. 
120-177 7 Pin  
120-199 9 Pin.  

Net Price 
122-227 7 pin medium. S  49 
122-228 Octal socket. .... . 52 

Miniature Shields F08 Socket 

133-278-6 1' • High, N.P. Brass. 177,277. 5.15 

133-278-7 1' High, N.P. Brass. 177,277. .19 

133-278-8 234, High, N.P. Brass. 177,277. .22 

133-278-9 134' High, N.P. Brass. .... 199. .22 

133-278-10 1%' High, N.P. Brass. . . 199. .24 .59 
.79 133-278-11 2,4' High, N.P. Brass. ... 199. .29 

PLUGS AND JACKS 

Banano Spring Type 
Accurately turned from brass, with milled 

nuts and tinned terminals. Nickel plated. 
Nickel-silver springs. Beryllium copper springs 
and other platinas available in production 
quantities. Low contact resistance, high cur-
rent capacity. 
-75 series plugs fit -74 series jacks, -77 

series plugs fit -76 jack. -7451 and -7452 
have molded phenolic heads. 

JACKS 

Net Price 

108-74 14-28 x 1'4 thread  $.10 
108-7451 4-28 x 34 thread, red......20 
108-7452 34-28 x % thread, black  .20 

108-76 34-24 x '34,i thread  .26 

PLUGS 

108-75 6 -32 x % thread  

108-75A 6-32 x thread.  
108-7588 5,X x handle, black  

108-75BR 34 x 1 % handle, red  
108-75C 6 -32 x 1,is screw  
108-77 10 -32 x % thread  
108-77A 10-32 x 54 screw.  
108-77BB 54i x 1% handle, black  

108-778R 34e 1%, handle, red  

.11 

.12 

.28 

.28 

.11 

.24 

.27 

.39 

.39 

Tip Jacks and Plugs 
PLASTIC HEAD TIP JACKS 

Attractively colored strong Plaskon heads, 
accurately threaded '4-32 with milled hex 
nut and insulating washers for % hole. 

Cat. No. Color Net Price 
105-520 Red  5.14 
105-521 Black  .14 
150-522 Dk. Green  .14 
105-524 Brown  .14 
105-525 It. Blue  .14 
105-526 Orange  .14 
105-527 Yellow  .14 
105-528 It. Green  .14 
105-529 Dk. Blue  .14 
105-530 Ivory  .14 

Molded Tip Jacks 
Heavy duty type. Nickel plated brass, body 

molded into phenolic head. 1.4u-40 thread, and 
insulating washers for % hole. 
Na. 105-418. Red   $.22 
No. 105-419. Black   .22 

All Metal Tip Jack 
Nickel plated brass, 5%s hex head, S4.-32 

thread, with insulating washers for % hole. 
105-1 similar but headless, no nut or washers, 
for mounting in X-32 tapped panel hole. 
No. 105-413. $.14 No. 105-1  5.10 

Solderiess Tip Plugs 
No.105-15 '31s Prona  5.16 
No. 105-415 '4 prong  .15 

NYLON TIP JACKS 
Patents Pending 

Completely insulated jack, body molded from low-loss Nylon. Threaded 34-32, jack mounts with 
single nut. Overall dimensions, diameter 34, length »4, Available with beryllium copper 
contacts. 
B.C. Cont. Color Net Price B.C. Cont. Color Net Price 
Cat. No. Cat. No. 
105-601-1 White  5.30 105-606-1 Orange  5.30 
105-602-1 Red  .30 105-607-1 Yellow  .30 
105-603-1 Black  .30 105-608-1 Brown  .30 
105-604-1 Dark Green  .30 105-609-1  Light Green  .30 
105-605-1 Light Blue  .30 105-610-1 Dark Blue  .30 

105-611-1 Ivory  .30 

1 
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your complete supply source for 

- _ amateur station equipment 
--rup industrial electronic supplies 

EVERYTHING IN STOCK 

Depend on ALLIED—your one reliable 
source of supply—to bring you all the 
products of each of the dependable manu-
facturers represented in the Handbook. 
We carry the most complete stocks of Ama-
teur station supplies—and, of course, we 
can supply all the components you'll need 
to build any circuit described in this or 
in any other publication. 
You can always depend on ALLIED to 

give you every buying advantage: money-

268- Page ALLIED Buying Guide 

Write for your FREE copy. It's your com-

plete guide not only to all of the station 

supplies you want, but to everything in 

industrial electronic equipment, special 
tubes, test instruments, recording and 

high fidelity audio equipment, parts com-

ponents—all at the lowest, money-saving 

prices. Get and use the ALLIED Catalog. 

52 

FOR IMMEDIATE DELIVERY 

saving values, complete lines of top-grade 
equipment, fast shipment from stock, 
easiest terms, unbeatable trade-ins, and 
15-day trial on communications receivers. 
Have all these buying advantages, plus 
friendly day-in, day-out help from our 
staff of old-time Hams. 
Whether you're buying electronic 

equipment for your station or for your 
work in industry, it pays to be "equipped 
by ALLIED." 

Allied Radio 

KEEP IT HANDY 

ALLIED RADIO 
100 N. Western Ave. 

Chicago 80, Illinois 



ALLIED  
your complete supply source for 

AMATEUR & INDUSTRIAL TUBES 

ALLIED maintains in constant stock for 
immediate shipment the largest distrib-
utor inventory of RCA special-purpose 
tubes for Amateur, industrial, broad-
cast, governmental and other uses. 
Phone, wire or write—we ship from 
stock to you within hours after we re-
ceive your order. Save time, effort and 
money—order all your RCA tubes from 
ALLIED—your complete and dependable 
electronic supply source. 

RCA 
AMATEUR & INDUSTRIAL TUBES 

TEST INSTRUMENTS & PARTS 

RCA TEST INSTRUMENTS 
Order your RCA lab measurement instruments 
from our extensive stock. We can supply 
promptly all RCA test apparatus, including the 
following: 
WO-88A 5" Oscilloscope $159.50 
WR-89A Marker Generator  242.50 
WR-59C TV Sweep Generator  274.50 
WR-49A RF Signal Generator  59.50 
WV-77A Junior Volt Ohmyst*  47.50 
WV-97A Senior Volt Ohmyst*  67.50 
WV-87A Master Volt Ohmyst*  112.50 

*T.M. Reg. Prices subject to change 

We are also leading suppliers of RCA parts, TV components, speakers and batteries. 
Simplify and speed your purchases—send us your orders for all RCA equipment—get 
quick, expert shipment from our complete stocks of Amateur and Industrial equipment. 

268- Page ALLIED Buying Guide 

Write for your FREE copy. It's you, com-

plete guide not only to all of the station 

supplies you want, but to everything in 

industrial electronic equiprnent, special 

tubes, test instruments, recording and 

high fidelity audio equipment, parts com-

ponents— all at the lowest, money- saving 

prices. Get and use the ALLIED Cc talog. 

Allied Radio 

KEEP IT HANDY 

ALLIED RADIO 
100 N. Western Ave. 

Chicago 80, Illinois 
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hallicrafters your complete supply source for 

HT- 20 Transm tter 

$449.50 

Order your HALLICRAFTERS Com-
munications Receivers and Trans-
mitters from ALLIED. For detailed 
descriptions, see our Catalog. When 
you select your HALLICRAFTERS at 
ALLIED, you get every buying ad-
vantage—complete selection—quick 
delivery from stock—easiest terms 
—15-day trial— expert, dependable 
service from our sta ff of experienced 
Amateurs. Choose HALLICRAFTERS 
—world-famous for precision com-
munications performance— and 
order your HALLICRAFTERS from 
ALLIED. 

We can supply all Hallicrafters 

"Littlefone" equipment, as well 

as High zomponents... 

268-Page ALLIED Buying Guide 

Write for your FREE copy. It's your 
complete guide to everything in Ama-
teur and Industrial electronic sup-
plies. Lists everything you need— 
includes full selection of equipment 

described above. Be sure to get and 

use your 268-page ALLIED Catalog. 

PRECISION RECEIVERS 

AND TRANSMITTERS 

SX-88 Receiver 
$499.95 

ALL HALLICRAFTERS 

MODELS IN STOCK 
FOR IMMEDIATE 

SHIPMENT... 

Look to ALLIED for quick, expert service from stock on all 
HALLICRAFTERS equipment. We can supply all of the fol-
lowing models from our complete stocks: 
S-53A Low- Cost Communications Receiver $ 99.95 
S-40B Popular Communications Receiver  129.95 

S-77A AC-DC Communications Receiver  129.95 
S-76 Dual-Conversion Receiver  199.95 

S-72A 4-Band Portable Receiver  109.95 
5-721 Portable with Long Wave Band  119.95 

SX-73 Ultra-Deluxe Receiver  975.00 
SX-62 All-Wave Receiver  349.95 

SX-7I Dual IF Receiver  249.95 
S-38C Low- Cost All- Wave Receiver  59.95 

S-81 "Civic Patrol" Receiver ( 153-173 mc)  59.95 

S-82 "Civic Patrol" Receiver (30-50 mc)  59.95 
R-46 Matching Speakers for Hallicrafters Receivers 

SX-62, SX-88, SX-71, SX-73, S-76, etc   24.95 

Prices subject to change 

Allied Radio 

KEEP IT HANDY 

ALLIED RADIO 
100 N. Western Ave. 

Chicago 80, Illinois 

54 



utomf ALLIED 
your complete supply source for 

AMATEUR & INDUSTRIAL 

"Sealed- in-Steel" TRANSFORMERS 

COMPLETE LINE: There's a 
unit for every application— 
Power, Bias, Filament, Filter 
Reac-or, Audio, MIL- T-27, 
Steprlown, Isolation. 

VERSATILE: Available in 3 
constructions to meet all needs. 

H-TYPE. Steel base cove, is deep-seal soldered into case. 
Terminals hermetically sealec. Ceramic bushings. 
Stud-mounted unit. Mees all MIL-T-27 specs. 

S-TYPE. Steel base cover fitted with phenolic terminal 
board. Convenient numbered solder lug term-
inals. Flange- mounted unit. 

C-TYPE. With 10" color-coded stripped and tinned leads 
brought out through fibre board base cover. 
Flange-mourted unit. 

268- Page ALLIED Buying Guide 

Write for your FREE copy. It's your 
complete guide to everything in Ama-

teur and Industrial electronic sup-
plies. Lists everything you need— 

includes full selection of equipment 

described above. Be sure to get and 

use your 268-page ALLIED Catalog. 

WORLD'S TOUGHEST TRANSFORMERS 

IN STOCK FOR IMMEDIATE SHIPMENT 

We supply the complete line of fa-
mous CHICAGO "Sealed-in-Steel" 
Transformers— units designed to fit 
today's amateur circuits . . . units 
to meet all MIL-T-27 specifications 
for military requirements—units for 
a wide range of industrial applica-
tions. Whatever your transformer 
needs, there's nothing tougher, noth-
ing truer- to-ratings, nothing better 
than CHICAGO "Sealed- in-Steel" 
units. We have them in stock for im-
mediate shipment. Order from your 
ALLIED Catalog for prompt, expert 
delivery on all types. 

KEEP IT HANDY 

ALLIED RADIO 
100 N. Western Ave. 

Chicago 80, Illinois 

55 



Timbi ALLIED 
ii 

your complete supply source for 

-!:1* 

ALL TYPES IN STOCK 

FOR IMMEDIATE SHIPMENT 

Subminiatures 
Reliable Subminiatures 

Reliable Miniatures 
Rugged 

Crystal Diodes 
Transistors 

Radiation Counter 

Rectifiers 
Thyratrons 

Voltage Reg. 
X-mitting 

Magnetrons 

Klystrons 

268-Page ALLIED Buying Guide 

Write for your FREE copy. It's your 
complete guide to everything in Ama-
teur and Industrial electronic sup-

plies. Lists everything you need— 

includes full selection of equipment 

described above. Be sure to get and 

use your 268-page ALLIED Catalog. 

SPECIAL-PURPOSE 

ELECTRON TUBES 

QUICK, EXPERT SERVICE ON RAYTHEON TUBES 

Look to ALLIED for quick shipment from 
stock of all types of RAYTHEON special-
purpose electron tubes. We specialize in 
supplying RAYTHEON tubes for Amateur, 
industrial, broadcast, research and other 
applications. To save time and money— 
phone, wire or write us—and we'll have 
your RAYTHEON tubes on the way to you 
in just hours. Order your RAYTHEON spe-
cial-purpose tubes— fill all your electronic 
needs at ALLIED—the one complete sup-
ply source on which you can always de-
pend for quick, expert service. 

KEEP IT HANDY 

ALLIED RADIO 
100 N. Western Ave. 

Chicago 80, Illinois 
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unleo. ALLIED 
your complete supply source for 

Order your HARVEY-WELLS equipment 
from ALLIED. Get quick, expert ship-
ment straight from stock. And rake ad-
vantage of our easiest- pay terms and 
15-day trial offer. 

268- Page ALLIED Buying Guide 

Write for your FREE copy. It's your 

complete guide to everything in Ama-
teur and Industrial electronic sup-

plies. Lists everything you need— 

includes full selection of equipment 

described above. Be sure to get and 

use your 268-page ALLIED Catalog. 

HARVEY-WELLS 

COMPACT, LOW-PRICED 

TRANSMITTERS 

Fig. A. Bandmaster DeLuxe. A complete 50-watt phone-CW 
transmitter with instant bandswitching 80 through 2 meters 
(8 bands). Includes new crystal-oscillator-vfo switching circuit. 
Tubes: 6AQ5 osc., 6AQ5 mult., 807 final. Speech amplifier for 
crystal mike uses 2-6AU6, 1-12AU7 phase inv., 2-6L6 mod. 
Requires APS-50 or DPS-50 power supply below. Size, 8 x 12 x 8. 
Complete with tubes, less crystal and mike. Shpg. wt., 20 lbs. 
97 SX 792. Bandmaster DeLuxe Transmitter $137.50 

Bandmaster Senior Transmitter. 50-watt phone-CW as above, 
but for use with single-button carbon microphone. Shpg. wt. 20 lbs. 
97 SX 791. Bandmaster Senior Transmitter $111.50 

Fig. B. Bandmaster VFO. Covers 80/75, 40, 20, 15, 11/10 meters. 
Requires: 6.3 v. at 0.65 amp., 300 v. at 30 ma. Sloping front panel; 
slide- rule dial. Uses 6AG7 and OB2 reg. 9 x 113¡ x 4'. Wt., 9 lbs. 
98 SX 043. Bandmaster VFO  $47.50 

APS-50 AC Power Pack. For use with above transmitters Deliv-
ers 425 v. at 275 ma., and 6.3 v. at 4 amps. With 2-5U4G rect. 
For 110 v. A.C. 50-60 cycles. 11 x 67A x Shpg. wt., 27 lbs. 
97 SX 698. APS-50 AC Power Pack $39.50 

DPS-50-6 Dynamotor. For portable operation of above x-mitters, 
from 6 volt storage battery. Output: 300 v. at 250 ma. 10% x 
x 5. Shpg. wt., 16 lbs. 
97 S 697. DPS-50-6 Dynamotor $87.50 

DPS-50- 12 Dynamotor. For use with any 12 volt storage battery. 
Delivers 400 v. DC at 250 ma. Shpg. wt., 16 lbs. 
98 SX 776. DPS-50-12 Dynamotor $54.50 

Allied Radio 

Prices subject to change 

KEEP IT HANDY 

ALLIED RADIO 
100 N. Western Ave. 

Chicago 80, Illinois 
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BUD means Beauty — Utility — Dependability 

DE LUXE RELAY RACKS 

These relay racks are made of 16 gauge steel with 
3,0 panel supports. The panel mounting sup-
ports are recessed so that no edges of the panel 
will be exposed. 
The front and back of the top, the two sides 

and the door are well louvered to provide ade-
quate ventilation. Snap catches are positioned 
on the door. A streamlined appearance is achieved 
by the use of rounded corners and red-lined 
chrome trim. The relay rack is shipped knocked-
down and complete with all necessary hardware 
for assembly. All standard 19" panels will fit 
these racks. 
A SPECIAL FEATURE IS THE USE OF 

FOUR STURDY SUPPORTS ON THE BOT-
TOM SO THAT CASTERS CAN BE FAS-
TENED DIRECTLY TO THE BASE, THERE-
BY ACHIEVING READY MOBILITY. Bud 
RC-7756 casters will fit this unit. Casters are 
not included in price of cabinet. These a:eh>, 
racks are supplied in either black or grey wrinkle 
or grey hammertone finish. The overall width is 
22" and the depth is 17U" on all sizes listed. 

Catalog 
No. 

CR-1774 
CR-1771 
CR-1772 
CR-1773 

Overall 
Height 
42 144" 
47'4" 
6694" 
82'16" 

Panel 
Space 
36 %" 
42" 
61 11" 
77" 

Shipping 
wt. 
90 lbs. 
100 lbs. 
135 lbs. 
155 lbs. 

ADD-a-RACK SERIES 

It has always been necessary to buy 
special racks without louvers on one side 
to obtain a maximum of panel space 
with a minimum of floor space. Now, 
you no longer need to buy a whole new 
cabinet when you want additional panel 
space. Through our new and exclusive 
Add-a-Rack series, BUD not only offers 
additional racks at a lower cost, but 
provides you with a sturdier, better 
looking assembly. 
The illustration at top shows two 

Add-a-Rack cabinets assembled to-
gether. The illustration below shows the 

o 4 unique and ingenious method of adding 
a unit to your present equipment. In-

stead of buying an entire new outfit, you purchase only four parts: 
(1) • door (2) a top (3) a bottom and (4) an Add-a-Rack coupling-
unit. The right (or left) hand side of your present relay rack is 
removed and replaced by the Add-a-Rack coupling-unit; next, a 
top and bottom is fastened into place, and the side taken from the 
first rack is fastened onto the second rack which has been added. 
Place the additional door into position and you have two racks 
properly and efficiently 
coupled together. In the   
same simple way, more 
racks can be added at any 
time and every one will be 
in a CONTINUOUS ONE-
PIECE assembly. 

This series is available 
in two ways. ( 1) a double 
unit consisting of two racks 
and the Add-a-Rack cou-
pling unit, (2) Add-a-Rack 
unit, consisting of a door, 
a tap, a bottom and an 
Add a-Rack coupling-unit. 
These units are furnished 
with all necessary assem-
bling and panel mounting 
hardware. Choice of finish same as racks above. 

Add-a-Rack 
Unit 

AR-1778 
AR-I 775 
AR-1776 
AR-1777 

Used to Shipping 
Add-a-Rack to Weight 
CR-1774 70 lbs. 
CR-1771 75 lbs. 
CR-1772 100 lbs. 
CR-1773 127 lbs. 

Complete unit consisting of the knocked-down parts necessary 
for two relay racks coupled together. 

CR-1779 two coupled relay racks same size as CR-1774 
CR-1780 two coupled relay racks same size as CR-1771 

CR-1786 two coupled relay racks same size as CR-1772 
CR-1799 two coupled relay racks same size as CR-1773 

Bud RC-7756 Casters will fit this unit. Casters are not included 
in price of cabinet. 

SUPER DE LUXE RACKS (2 door) 

This new Relay Rack is made of 16 
gauge steel with .1/8" panel supports. 
The construction is similar to the 
series of Bud de luxe Relay Racks 
shown above. The panel mounting 
supports are recessed, so that no edges 
of the panel will be exposed, and they 
are also adjustable from front to back 
at various stopping points. This en-
ables you to utilize the space in front 
and behind the panel to any degree. 
When placed as far back as the knock-
outs provide, the panel is 6" from the 
front of the Rack. 

These Racks have both front and 
rear doors; the rear door to cover any 
of the equipment behind the panel, 
providing easy access. The front door 
provides a means of concealing dials, 
knobs, etc., that may be in the front 
of the panel. 
These relay racks also have the 

exclusive Bud feature of supports on 
the bottom, so that the casters may be fixed directly to the base. 
AVAILABLE IN BLACK OR GREY WRINKLE OR LIGHT 
GREY HAMMERTONE FINISH AT NO EXTRA CHARGE. 

Catalog Overall Panel Shipping 
No. Height Space Wt. 

CR-2174 431e 36u" 110 lbs. 

CR-2171 are 42" 122 lbs. 

CR-2172 61 Ys' " 165 lbs. 
CR-2173 82" 77" 190 lbs. 

DE LUXE CABINET RACKS 

These cabinet racks have rounded corners and 
attractive red-lined chrome trim. There is a 
recessed, hinged door on the top with a snap 
catch. These racks are made of heavy gauge 
steel and are of sturdy construction. The five 
large sizes have a hinged rear door, while the 
small sizes have a welded panel in the rear. 

Adequate ventilation is assured by means 
of louvered sides and a two inch opening in the 
bottom of the back extends the entire width. 

"NO-SCRATCH" EXTENDED METAL FEET ARE EM-
BOSSED ON THE BOTTOM TO MINIMIZE MARRING OF 
A TABLE TOP. Racks are furnished in either black or grey wrinkle 
or grey hammertone finish. Depth 14.1e, width 22". Will fit stand-
ard 19" panels. 

Catalog 
No. 

CR-1741 
CR-1743 
CR-1742 
CR-1739 
CR-1743 
CR-1727 
CR-1744 
CR-1728 
CR-1745 

Overall 
Height 
109,O" 
left" 
141‘6" 
1511it0 

195i" 
2213ii" 
wre, 
33'ns" 
36"y, 

Panel 
Space 

10M" 
12 11" 
14" 
1734" 
21" 
26 11" 
31%" 
35" 

Shipping 
Wt. 

29 lbs. 
31 lbs. 
32 lbs. 
36 lbs. 
40 lbs. 
45 lbs. 
50 lbs. 
55 lbs. 
60 lbs. 

STANDARD RELAY RACK PANELS 

Made of Steel or Aluminum. Steel 
Panels are made of high grade steel 
' x" thick. Aluminum Panels are 
made of thick Aluminum. All 
Panels are 19" wide. Furnished in 
either black or grey wrinkle or grey 
hammertone. Aluminum panels 3,o" 
thick may be had if desired at 60% 
increase in cost over 3-e. 

STEEL ALUMINUM 
Catalog 
No. 

PS-1250 
PS- 1251 
PS- 1252 
PS- 1253 
PS-1254 
PS- 1255 
PS- 1256 
PS-1257 
PS-1258 
PS-1259 
PS- 1260 
PS-1261 

Height 
1 le. 
35.i" 
5 

7" 

1ve, 
14" 
15%" 
17se, 
19 14" 
21" 

Catalog 
No. Height 

PA-1101 144" 
PA- 1102 
PA-1103 
PA-1104 
PA- 1105 
PA- 1106 11»¡" 
PA- 1107 12 '4-, 
PA- 1108 14" 
PA-1109 153e, 
PA- 1110 173/2" 
PA- 1111 19 14" 
PA- 1112 21" 

35g, 

5 

8 
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Precision Made Sheet Metal Products for Every Purpose 

STEEL CHASSIS BASES 

These chassis are made from one 
piece of steel, all corners are rein-
forced and spot welded. The four 
sides are folded on bottom for ad-
ditional strength — this also per-
mits a bottom plate to be attached 

if desired. Furnished in either Black Wrinkle or Electro-Zinc plated. 

Black Wrinkle Zinc Plated 
Cat. No. Cat. No. Depth Width Height Gauge 
CB-628 CB-629 5" 7" 2" 22 
CB-790 CB- 1192 7" 9" 2" 22 
CB-650 CB-774 8" 17" 2" 20 
CB-636* CB-637 10" 17" 3" 20 
CB-658 CB-771 11" 17" 3" 18 
CB-660* CB-773 13" 17" 3" 18 
CB-642* CB-643 13" 17" 4" 18 

*Indicates chassis which are punched to accommodate Chassis 
Mounting Brackets. 

For additional sizes consult Bud Catalog 

ALUMINUM CHASSIS 

The construction and design of 
these chassis is exactly the same as 
our steel chassis. The aluminum 
chassis are welded on government 
approved spot welders that are the 
same as used in the welding of 
aluminum airplane parts. As a 
result, you can depend on BUD 

Aluminum Chassis to do a perfect job. Etched Aluminum finish. 
The gauges in table below are aluminum gauges. 

Cat. No. Depth Width 
AC-430 6" 
AC-402 5" 7" 2" 
AC-423 7" 17" 3" 
AC-425 8" 17" 2" 
AC-420 13" 17" 3" 
AC-426 11" 17" 2" 
AC-416 10" 17" 3" 

For additional sizes consult Bud Catalog 

Height Gauge 
18 
18 
16 
16 
14 
14 
16 

3" 

Cat. No. 
C-973 
C-993 
C-994 
C-995 
C-1190 
C-975 

INSTRUMENT 

AND RECEIVER CABINETS 

Each cabinet has an evenly recessed 
hinged cover with convenient finger lift. 
The panel on front of cabinet is readily 
attached with self-tapping screws. Louvers 
provide ample ventilation. These Cabinets 
are finished in black wrinkle only. 

Height 

7" 
7" 
7" 
8" 
9" 

Width 
8" 
10" 
12" 
14" 
16" 
15" 

Depth 

8" 
8" 
8" 
s" 
11" 

Cat. No. 
CU-883 
CU-728 
CU-729 
CU- 1098 
CU- 1099 
CU-879 
CU- I124 
CU-880 
CU-881 
CU-882 
AU- 1083 
AU- 1028 
AU- 1029 
AU- 1039 
AU- 1040 

METAL UTILITY CABINETS 

A large number of sizes available makes this 
line useful for all types of electronic equipment. 
These cabinets have two removable panels for 
easy accessibility and are finished in black 
wrinkle finish only. Those units prefixed by CU 
are made from steel, those prefixed by AU are 
made from high grade sheet aluminum. 

Depth Width Height 
2" 4" 4" 

5" 
5" 
6" 6" 
6" 
8" 
7" 

3" 
4" 
6" 
5" 
7" 
6" 
8" 
8" 
7" 
2" 
3" 
4" 
6" 
5" 

10" 
11" 
9" 

4" 
5" 
5" 
6" 
6" 

10" 
12" 
10" 
12" 
15" 

4" 
6" 
6" 
9" 

NEW BUD FILTERS TO REDUCE OR 

ELIMINATE TELEVISION INTERFERENCE 

The sources of television interference are most often short wave 
broadcasting stations, amateur radio transmitting stations, dia-
thermy equipment. X-ray equipment, automotive ignition noises 
or similar sources. The basic problem of eliminating this inter-
ference is that of rejection of the signals received from these sources. 

LF-601 

LOW PASS 

FILTER 

Interference to television receiver reception caused by trans-
missions from an amateur station can be caused by harmonics or 
by shock from the transmitter. The shock from the transmitter 
fundamental can be cured at the television receiver with a Bud 
HF-600 high pass filter. Harmonics can be greatly reduced or 
eliminated at the transmitter by use of a Bud LF-601 low pass 
filter. 

The LF-601 high attenuation low pass filter has the following 
characteristics: 

• Minimum attenuation of 85 decibels on all frequencies above 54 
megacycles and a minimum of 93 decibels above 70 megacycles. 
• Maximum rejection is adjustable from 55 to 90 megacycles. This 
tunable feature provides two slots at least 100 decibels down • The 
cut-off frequency is 42 megacycles • The unit will easily handle a 
full kilowatt modulated on a reasonably flat line • The insertion 
loss is less than one DB • Since the design of this filter provides 
an adjustable feature, the unit can be used with either 52 ohm 
or 72 ohm coax • Each inductance is in an individually shielded 
compartment • All capacitors used are variable • Size 12" z 2h" 
x 2h". 

HF-600 HIGH PASS FILTER 

The HF-600 high pass filter has a cut off frequency at 
42 megacycles, thus this filter rejects signals from 0 
to 42 megacycles. It is within this range that the 
majority of signals causing interference are received. 
Since there is no attenuation above 42 megacycles, 
picture strength or quality is not affected. This unit 

is easily installed and complete installation instructions are in-
cluded. The filter is housed in an attractive aluminum case 3 h" 
x 2h" x 04". 

NEW PANEL CHASSIS 

This new series of Panel Mount-
ing Chassis is for professional type 
installations primarily. These units 
are constructed from .062 alu-
minum with an etched finish. The 
holes on the front flange are suit-
able for mounting to a Rack, and 
are dimensioned to fit standard 
panel notchings. 

Cat. No. 
CB-1370 
CB-1371 
CB-1372 
CB-1373 
CB-1374 
CB-1375 
CB-1376 
CB- 1377 

Width 
19" 
19" 
19" 
19" 
19" 
19" 
19" 
19" 

Depth 

5' " 

5' tz 

Heigat 

3 4.41I 

Sq "  
71, 

8k" 
103.4" 
12h" 

14" 

MINIBOXES 

There are thousands of uses in the fields of 
radio and electronics for these new boxes. They 
are made from heavy gauge aluminum. The 
design of the box permits installation of more 
components than would be possible in the con-
ventionally designed box of the same size. It is 
of two piece construction, each half forming 

three sides. The flange type construction assures adequate shielding. 
Available in etched aluminum finish and gray hammerloid finish. 

Catalog Numbers 
Grey Etched 

CU-2100 CU-3000 
CU- 2105 CU-3005 
CU-2108 CU-3008 
CU-2111 CU-3011 
CU-2115 CU-3015 

Length 
234" 
5/.• 

7" 
12" 
4" 

Width Height 
24" 
4" 3 ' 
5" 3" 
7// 

2" 234" 

15/8  /I 

4" 

For additional sizes consult Bud Catalog 
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Catalog 
Number 
LC- 1845 
LC- 1846 
LC- 1847 

BUD Products are made to work better. .. last longer 

ce-

TYPE DUAL MIDGET CONDENSERS 
These Midget Condensers were de-
signed to meet the rigid requirements 
in design of efficient hi gh fre-
quency electronic devices and precision 
laboratory equipmen t. The large front 
and rear bearings provide for smooth 
rotation. They feature a rotor w iping 
contact placed at center of the rotor 
assembly to assure maximum  efficiency 
at high frequencies. Opposed rotor 

construction assures perfect counterbalance and provides even 
torque at any position of rotation. Steatite insulation eliminates 
closed induction loop in frame. All metal parts cadmium plated. 

PER SECTION 

Catalog Max. Min. N o. oe Air 
Number Cap. Cap. Plates Gap 
CE-2032 35 6 7 .030" 
CE-2033 50 7 9 .030" 
CE-2035 100 9 18 .030" 
CE-2036 150 10 27 .030" 
CE-2041 50 8 15 .060" 

Far additional .. i7e, consult Bud Catalog 

Distance 
Behind 
Panel 
3 y32 " 
31," 
4%2" 
53/16" 
4,1132" 

"CE" MIDGET CONDENSERS 

SINGLE SECTION DOUBLE BEARING 

These Midget Condensers were designed 
to meet the rigid requirements in design 
of efficient high frequency electronic 
devices and precision laboratory equip-
ment. Brass rotor and stator plate stacks 
are assembled into permanent units by 
means of electro-soldering, w hich assures 
long life and accurate plate spacing, 
End-plates of Steatite insulate the mount-

ing bushings and angles from the rotor and stator assembles. The 

large front and rear bearings provide for smooth rotation. Special 
wiper contact provides noise-free tuning. All metal parts are 
cadmium plated. Rotor plates semi-circular shaped. Provision for 
either panel or base mounting. 

Max. Min. No. Over-
Catalog Cap. Cap. Air of all 
Number MMFD. MMFD. Gap Plates Length 
CE-2000 15 4 .030" 3 2 q" 
CE-2001 35 6 .030" 7 2'1 1.2"  
CE-2002 50 7 .030" 9 2"u" 
CE-2003 75 8 .030" 14 

3",?'CE-2004 100 9 .030" 18 3fi 
CE-2005 150 10 .030" 27 3 1, ,, 
CE-2008 300 15 .030" 52 

For additional sizes consult Bud Catalog 

TINY MITE TUNING CONDENSER 

SINGLE SECTION 

This series of condensers has been designed for 
applications where space or weight are lim iting 
'actors and for tuning of hi gh frequency 
circuits. Rigid construction, close fitting bearing, 
positive rotor contact and Stea tite insulation are 

the outstanding features. Cadm ium plated, soldered, brass plates 
and rods insure high frequency efficiency. 

Max. Min. 
Catalog Cap. Cap. Air 
Number MMFD. MMFD Gap 
LC- 1640 8 2.5 .017" 
LC-1644 50 6 .017" 
LC- 1646 100 9 .017" 
LC-1652* 50 8 .037" 
LC-1654 15 .073" 
LC-1655* 25 .073" 

* Denote double bearing. 
For additional sizes consu lt Bud Catalog 

THREE-GANG TINY MITE 
CONDENSERS 

Hams, Radio Constructors and Experi-
menters can find many uses for these 

compact, three-gang condensers. Designed particularly for high 
frequency use, they are adaptable for use in converters, preselectors 
and receivers covering the Amateur, Television and F.M . bands. 
Well constructed with soldered brass plates and ceramic brackets. 
Rotor shaft extended 1," at rear. Height 1%6". Width 13/16". 
Length behind panel .3',.". Mounting holes 23/1s ' apart.  

Cap. Per Section No. of Plates 
Max. Min. Per Section 
II 5 3 
17 5 4 
25 6 5 

5.5 
9 

No. 
of 

Plates 
3 

19 
37 
35 
15 
27 

Catalog 
Number 
CH- 1277 
CH- I278 
CH- 1279 
CH- 1280 
CH-1281 
CH- 1282 
CH- 1283 
CH-1284 
CH- 1285 
CH- 1286 
CH-1 287 
CH-294 

Catalog 
Number 
NC- 1000 
NC- 1001 
NC- 1002 

MIDGET CONDENSERS 

Small size, sturdy construction and high 
mechanical and electrical efficiency are the 
outstanding features. Insulation used is 
Steatite. Rotor and Stator plates are brass 
and are electro-soldered to their respective 
rods. All metal parts are cadmium plated. 
These condensers have both front and rear 

bearings and are furnished in either mid-line type plates (straight 
line wave length), or semi-circular plates (straight line capacity.) 

SEMI-CIRCULAR TYPE- DOUBLE BEARING 
Catalog 
Number 
MC- 1850 
MC- 1853 
MC- 1855 
MC-1863 
MC- 1865 
MC- 1867 

Cap. in MMFD. Air 
Max. Min. Gap 

15 3 .024" 
50 5 .024" 

100 7 .024" 
50 7 .060" 

100 12 .060" 
50 10 

For additional size, consult Bud Catalog 

Number 
Plates 

3 
7 

14 
15 
31 
23 

BUD TINY MITE DUAL CONDENSERS 
The construction of these units is similar to the 
regular Tiny Mite Tuning Condensers. The two 
end pieces are held together firmly with three 
tie-rods. 
A separate round plate is soldered on rotor rod 

to shield the two stator sections. Large surface front and rear sleeve 
bearings, provide smooth rotation.  

Catalog 
Number 
LC- 1659 
LC- I660 
LC- 1661 
LC-1662 
LC- 1663 
LC- 1664 
LC- 1665 
LC- 1666 
LC- 1667 

CAP. PER SECTION No. Plates Over-
Max. Min. 

MMFD. MMFD. 
2.5 
3 
4 
6 
9 
4 

8 
15 
25 
50 

100 
10 
15 
25 
35 

Air 
Gap 
.017" 
.017" 
.017" 
.017" 
.017" 
.037" 
.037" 

5.5 .037" 
6 .037" 

Per 
Section 

3 
5 
9 
19 
37 
7 

11 
17 
21 

all 
Length 

2 '16 '  

21.g" 
4,4"" 
2" ,,"  

374" 
4" 

NEUTRALIZING AND HIGH FREQUENCY 

TUNING CONDENSERS 

This line of condensers will fill every neutralizing 
and high frequency tuning requirement that mod-
ern circuits pose. The two-pillar construction 
makes this unit unusually sturdy and eliminates 
any possibility of capacity variation due to 
vibration. The movable plate is adjusted by 
means of the threaded shaft to which it is at-
tached, and it is permanently locked in any 
position by the lock-nut provided. Any loose 

thre.,,I• is taken up by a special nut and locked to give smooth 
operation. All metal parts are of aluminum or brass. Plates have 
rounded edges. Steatite insulation is used.  

Plate MMFD, Capacity 
Diameter Max. Min. 
12% 2, 11 

2' 3A6" 24 2 
434" 27 6  

IRON CORE R. F. CHOKES 

The efficiency of any circuit requiring an R. F 
choke will be definitely improved by utilizing one 
of these chokes with a finely divided molded metal-
lic core. The improved "Q" possible with this con-
struction results from the D. C. resistance of these 
chokes being from 40 to 50' ;, less for a given in-
ductance than for regular air-core types. Thus. 
the D. C. voltage drop through the choke is con-

siderably less, yet the choking action is equally as good. Windings 
are made with silk-covered enameled wire terminated on convén-
ient soldering lugs. and the chokes are mounted in small square 
shield cans measuring 1%" x 1%" x vAe.  

Inductance D. C. Resistance Current 
mh. Ohms ma. 
1.5 11.5 125 
2.5 
3.4 
5.5 
8. 

10. 
16. 
30. 
60. 
80. 

125. 
Shield Can Only 

Also available Pie wound and Lattice wound Ceramic Coil 

16. 
19.5 
27.5 
36. 
42.5 
53. 
82. 

131. 
163. 
221. 

125 
125 
125 
125 
125 
125 
100 
100 
90 
90 
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OEL 
OC'. 
OLS 
OES 
OEP 
OCP 

BUD Products for high quality and best results 

75-WATT TRANSMITTER COILS 

These coils are distinguished by their rigid con-
struction, attractive appearance and conserva-
tive power rating. The polystyrene mounting base 
keeps the coil a safe distance from the chassis - 
it also permits easy coil removal without dis-
turbing the winding. All coils are air-wound and 
mount in 5 prong tube sockets. 
OEP and OCP Coils are designed for use in 

circuits using Pentode tubes with high output 
capacity such as 6L6, 807, etc. 

coils have fixed end link and are not tapped. 
have fixed center link with main winding center tapped. 
have adjustable center link, main winding center tapped. 
have adjustable end link and are not tapped. 
have adjustable end link and are not tapped. 
have adjustable center link main winding center tapped. 

Catalog 
No. 
Fixed 
End 
Link 

Catalog 
No. 
Fixed 
Center 
Link 

Cat. No. 
Adjust-
able 

Center 
Link 

OLS-160 

Cat. No. 
Adjust-
able 
End Band Capacity* 
Link 

160 Meter 
OES-160 160 Meter 

OEL-80 OCL-80 OLS-80 OES-80 80 Meter 
OEL-40 OCL-40 OLS-40 OES-40 40 Meter 
OEL-20 OCL-20 OLS-20 OES-20 20 Meter 
OEL-15 OCL-15 OLS-15 OS-l5 15 Meter 
OEL-10 OCL-10 OLS-10 OES-10 10 Meter 
OEL-6 OCL- 6 . 6 Meter 

  OCP-10 0E13-10 10 Meter 
  OCP-20 OEP-20 20 Meter 

AM-8673 Coil Base only 

100 MMFD 
86 MMFD 
75 MMFD 
52 MMFD 
40 MMFD 
30 MMFD 
25 MMFD 
17 MMFD 
45 MMFD 
50 MMFD 

ADJUSTABLE LINK 

TRANSMITTER COILS 

Listed are two types of Coils. CL type of 
coil has an adjustable CENTER link. ES 

_ type of coil has an adjustable END link. r1 The CL and ES can be used where fixed 
links are specified. No additional cost is 
involved and more efficient coupling is as-
sured because of this special adjustable 
link, an exclusive BUD feature. 

150 WATT RATING 

Catalog No. Catalog No. 
Center Link End link 
Adjustable Adjustable Band Capacity* 
RCL-160 RES-160 160 Meters 110 MMFD 
RCL-80 RES-80 80 Meters 68 MMFD 
RCL-40 RES-40 40 Meters 36 MMFD 
RCL-20 RES-20 20 Meters 27 MMFD 
RCL-15 RES-15 15 Meters 27 MMFD 
RCL-10 RES-10 10 Meters 25 MMFD 
AM-1932 — Mounting Base for RCL and RES Coils 

Also available in 500W and KW sizes 

VARIABLE LINK 

TRANSMITTER COILS 

The most effective method of varying 
the loading of an R. F. Stage is by the 
use of a variable link to the plate tank, 
a feature incorporated in all Bud Vari-
able Link Coils. The link winding is 
connected to the jack bar into which 
the coils are plugged, and this link may 
be used with any of the coils regardless 
of the band being worked. The link 
winding is so arranged that it may be 
readily controlled from the panel by 
means of an extensionshaft if required. 

500 WATT COILS 

Catalog 
Number 
VLS-160 
VLS-80 
VLS-40 

Band Capacity* 
160 Meter 85 MMFD 
80 M 70 MMFD 
40 M 36 MMFD 5 Ye 5" 

VLS-20 20 M 28 MMFD 5.e. 5" 
VLS-15 15 M 25 MMFD 5 Ye 5" 
VLS-10 10 M 25 MMFD 5,,,,iit 5" 
AM-1352 — Base and Link Assembly for 500 Watt Coils 

Also avaliable in 150W and KW sizes 

*Denotes tube plus circuit plus tank plus output coupling capacity 
required to resonate coil at low frequency end of band. 

Length Mounting 
Mounting Hole 
Strip Dim. Dim. 

e 55 5" 
5" 

SHIELDED COIL-LI NK 

These links are made to fit RLS, VLS, and MLS series of coils. This 
link will prevent capacity coupling between the 
tank coil and the link and will reduce TVI by 
greatly attenuating harmonics. The links can be 
used on co-ax or balanced lines. 

Catalog No. Description 
AM-1300 Used with RLS coils ( 150 W) 
AM- 1301 Used with VLS coils ( 500 W) 
AM- 1302 Used with MLS coils ( Kilowatt) 

ADD-A-LINK 

When the circuit that you are using requires a different number of 
turns on the coil link than is furnished with the standard coil, the 
links listed below can be used to replace the standard link.  

Cat. No. Used With No. of Turns 
AM-1303 RLS 3!6 
AM- I304 RLS 43., 0 AM-1305 RLS 536 AM- 1307 VLS 33.6 
AM- 1308 VLS 4¡4 
AM- 1309 VLS 5%. 
AM-I310 VLS 6% 
AM- 131I MLS 3% 
AM-1312 MLS 43.4 
AM- 1313 MLS 5, 
AM- 1314 MLS 6 ' 2 

CODE PRACTICE OSCILLATOR AND MONITOR CPO- 128 

The BUD Cotlemaster is a real money-
saver. No longer do you have to consider 
your code practice oscillator useless after 
you have learned the code. A flip of the 
switch and you have a good CW moni-
tor. This is a really versatile instrument. 

It has a 4" built-in permanent mag-
netic dynamic speaker and will operate 
up to twenty earphones. 
A volume control and pitch control 

permit adjustments to suit individual 
requirements. Any number of keys can 
be connected in parallel to the oscillator 
for group practice. 

This unit will operate on 110 volts 
A.C. or D.C. An external speaker may 
be plugged in without the use of an out-

put transformer. All controls are placed on the front of the unit and 
all jacks are in the rear. The unit is 6,4" high, 534" wide and 3 Ye 
deep. It is finished in Grey Hammertone enamel with red lettering. 

MODEL CPO- 130 

This unit is similar to the CPO- 128. The 
difference is that the 4" speaker is not in-
cluded. The monitor feature, however, is 
included. A phone jack is provided for the 
output and as many as 20 pairs of phones 
and keys can be operated at one time for 
class-room operation. This model will also 
operate a permanent magnetic dynamic 

speaker. Size is 534" wide, 4W' high, 334" deep. 

GIMIX GX-79 

The BUD Gimix is a multipurpose unit requiring no 
batteries or power supply. It is calibrated for use on 
the 10, 15, 20, 40 and 80 meter amateur bands. No 
additional coils are needed as the one coil does the 
work on all bands. It can be used as a Wave- Meter, 
a Monitor. a Field Strength Indicator, a Carrier 
Shift Indicator and a sensitive Neutralizing In-
strument. Operating instructions supplied with each 
unit. 

Jelg, 

FREQUENCY CALIBRATOR FCC-90 

To comply with federal regulations, 
some means of accurately checking 
transmitter frequency must be avail-
able at every "ham" station. The 
BUD FCC-90 consists of a 100 kc. 
crystal oscillator that is Completely 
Self-Powered. It will give 100 kc. 
check points on all bands up to 30 

megacycles. This enables the operator to determine exact band edges. 
No extra wiring is required to install this unit. Plug the FCC-90 

into a 110 volt receptacle, connect the pick-up lead to the antenna 
binding post of the receiver and the unit is ready for operation. An 
ON-OFF switch and a STANDBY switch are provided. 

Illustrated are only a few of the many types and sizes of Bud Products. For complete catalog write Dept. R-54 

BUD RADIO, INC., 2118 East 55th Street, Cleveland 3, Ohio 
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FOR SALE! These and 100,001 other 
[0 CONTROLS 
— to meet your service 
requirements. You'll find 
a type and model for all 
popular radio. TV sets. 
plus other electronic sear. 

Model BI6 Radiohm") 
Miniature 

Twin and dual con-
centric Radiohms 

Model B Blue Shaftt 
Radiohms 

Wirewound Rodiohm 
three and four watt 

@EMU 

— hundreds of variations 
possible. Engineered to 
give you widest flexibil-
ity for all types of appli-
cations. 

PA-2000 Miniature 
Rotary, 

Steatite Insulation 

1400 Series, Standard 
Rotary, Phenolic 

Insulation 

2500 Series Standard 
Rotary, 

Steatite Insulation 

PCH-4 TV Attenuator 
ZrA' 

Dual Speaker Switch 

TV HI -VO-KAPS 9 Stand-off 

Ceramic Trimmers 
Miniature 

Ceramic Trimmers 

Complete Switch Kits 

Button- Style 

CAPACITORS 

— the world's greatest 
line of ceramic capacitors. 

For jobs that demand the 
best in guaranteed TV. 
AM-FM sers icing. 

Small General 
Purpose and Tone 

tteeee 
Feed-Thru HI-KAPS!, 

Miniature Feed-Thru 
HI-KAPS" 

PRINTED ELECTRONIC CIRCUITS 

Ofkring y011 a new, 
pros cd way to reduce ex-
tra pans, tinte, 'ATMS and 
costs—a Centralab "first." 

Ceramic Min-Kape 

Miniature Resistor and 
Resistor- Capacitor 

Units 

Pentode Couprates«. 

Filplatet 
(by-pass and filter 

application) Vertical Integrator 

(At 
PC•176 
23 

Special Plates 
Audet 

(audio-detector plate) 
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Centralab quality electronic components 

\\, 

s ,). 

Type AB Adashaft! 
Rachohms 

ri•• 
Compentrolt 

Infinitely variable 
loudness control 

. . 

Series MX Delta 
T Type 

it 

Rotary Action, Flat 

t, 
t e 

Lever Switch 

...• 
% 

Horn Type 

BC 

, 
Discs TC Tubular 

111('711) 
Type MD Molded Disc 

High Accuracy 
Capacitors 

4i ) 

1 / / 

I 1 of d 

Transmitting 
Capacitors 

Tubular Ceramic 
Trimmer 

(balanced 

PCSO 

Filpec 
Standard 

Co 
Triode 

plate 

- 

Midget Triode 
Couplate ' 

L, 

load 
filter) 

-....ii 

diode 

Pendett 
(pentode standardanPceicminiature 

3-stage 

I,. 

•de 

i . 

. 

Am 

amplifiers 

............ 

.....,...., 

',.......... • -.-

/** 

P. E. C. Kits 

1.4.. 

It 

coupler) 

'11$ 

bA3 11Y11 

11 
- (Trademark) 

detector 

H ERE'S a perfect check list to de-
termine your electronic needs. 

And there are hundreds of variations 
available to you. Whether you need 
single items or dozens — no other sin-
gle manufacturer can offer you such a 

wide choice of standard fastest-for-
servicing parts. That's why Centralab 

is the industry's No. 1 electronic 
component source ... and keeps your 
distributor supplied with the latest 
developments in the fast- changing 

electronic field. 

You know CRL parts are your best 
value because each is backed by a 
written guarantee. That means they're 
safest-for-servicing too. And you'll 
agree that's mighty important for build-
ing consistent customer satisfaction. 

So when you need parts, look for 

the familiar blue and white CRL pack-

age — the product inside is the result 
of more than 30 years of electronic 

experience. This experience will con-
tinue to pioneer many more profit-

building "firsts" for you! fTrade Mark 

Cen ab 
A Division of Globe-Union Inc. 

Milwaukee 1, Wisconsin 

In Canada, 804 Mt. Pleasant Rd. Toronto 12, Ont. 

1 
Centralab, 

A Division of Globe-Union Inc. 
• 9401 E. Keefe Ave., Milwaukee 1, Wis. 

Please send me Catalog 28 covering I 
I Centralab products. 

Name  

Title  

Company 

Address  

IL City Zone State 
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THIS VALUABLE BOOK 
ALL ABOUT CODE 

FREE 

BEGINNERS.. 
II r,'., your ,g•hanee 10 learn code ipaii•kly and easily . . to get 
maximum speed and proficiency in code . . . right in your own 
 . The 42-YEAR RECORD of the CANDLER SYSTEM in 
training beginners to develop and apply their talents to top speed 
and efficiency is sound proof of what the CANDLER SYSTEM 
offers you. 

HERE'S WHAT WORLD CHAMPION TED McELROY 
SAYS ABOUT THE FAMOUS CANDLER SYSTEM 

"My skill and speed are 
the result of the exclusive, 
scientific training 4% alter 
Candler gave nie. Practice 
is necessary, but without 
proper training to develop 
Concentration, Co-ordina-
tion and a keen Perceptive 
Sense, practice is of little 
value. One is likely to prac-
tice the wrong way." 

McElroy is the Official 
Champion Radio Operator, 
75.2 W.P.M. at Asheville 
Code Tournament. 

LEARN CODE 
THE QUICK, EASY WAY 
Think of the thrills and excitement y ran has e enuli,itufljrat. 

ing by rode with people all over the world ... when you heroine a 
good Amateur Operator. Or. you may have your sights net on 
bee. ,,, a highly-paid, expert Commercial Operator. In either 
case, you can sacs time «net money learning the fundamentals of 
code sending and receiving and the principles of fast, efficient 
operating with the world-rumour. CANDLER SYSTEM. 

INCREASE SPEED and SKILL 
OPERATORS... THE CANDLER WAY 

Are you hoping for a nice promotion ... a bigger salary ... as 
an expert Operator? Then. now is the time to improve your speed 
and skill in rode sending and receiving. The CANDLER SYSTEM 
OF CHAMPIONS shows you hOW to improve your code tech-
nique — increase your speed — develop your skill to the highest 
1,01111  ate nervous tension — and pave the way 10 a top-
bracket pis:ition as an expert Operator. 

FIND OUT HOW THE CANDLER 
ON COUPON OR POSTCARD 

CANDLER SYSTEM CO., P.°. 

SPECIAL COURSES FOR 

BEGINNERS & OPERATORS 

Betides experience. you mist have speeial training to develop 
the extra skill and speed you need to lie a successful Cotnnnereial 
Operator. 'rhe CANDLER SYSTEM offers you that iraining in 
an easy. thorough and interesting way. It is the outstanding 
method that has developed thousands of Ilirst-class operators — 
even Chanipions — from ordinary operators. There is a course to 
meet your requirements. and your budget, in the CANDLER 
SYSTEM. 

SYSTEM CAN HELP YOU. SEND NAME AND ADDRESS 
FOR FREE COPY OF CANDLER BOOK OF FACTS. 

Box 928, Dept. 32, Denver 1, Colorado, U. S. A. 
Or, 5 2b, Abingdon Rd., London W.8, England 

The SCIENTIFIC CODE COURSE, especially designed for the 

beginner. Teaches the basic principles of code operation 
scientifically. 

The HIGH SPEED TELEGRAPHING COURSE, Intended for the 
operator who wishes code speed and skill to become a good 
operator or a better one faster. 

The HIGH SPEED TYPEWRITING COURSE, designed for those who 
desire typewriting proficiency and speed. Especially designed 
for copying messages and press with typewriter. 
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FREE! — MAIL COUPON 

CANDLER SYSTEM CO., Dept. 32, 

P.O. Box 928, Denver 1, Colo. 
Or: 52b, Abingdon Rd., London W.8, England 

111 I am a beginner. EI I an., an operator. 
Gentlemen, Yes ... I'm interested in the CANDLER Code Training 
System. Please rush my TREE copy of the CANDLER Book of Facts 
today. 

Name  

Address   

City  Zone.... State  



THE WORLD'S LARGEST MANUFACTURER 

OF MORSE TELECOMMUNICATION EQUIPMENT 
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-We are presenting in the following pages a complete system of 
high-speed automatic Morse telegraph and radio telegraph operation. 
This system is capable of operating under conditions that would make 
impossible the use of ordinary five-unit printing telegraph systems. We 
are quite sure that the many thousands of friends we have made during 
the past 25 years will be pleased to know of our licensing agreement 
with the well-known Creed & Company, Ltd. of London, England, which 
makes possible the production here in Littleton, Massachusetts of much 
of the equipment described in the following pages. As one communica-
tions man to the many in the field who will see these pages, be assured 
that McElroy equipment is built for a minimum of 20 years of unin-
terrupted service. That is the way we build all of our equipment. We 
welcome your inquiries and shall be pleased to send complete technical 
manuals upon request. 

We call your attention to the page devoted to our latest develop-
ment — Type "S" Telephone Carrier. 

MCELROY MANUFACTURING CORPORATION 
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McElroy-Creed 

Morse Keyboard Perforator 
Model MC-9W 
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The McElroy-Creed Morse Keyboard 
Perforator MC-9W is the heart e this 
completely automatic high-speed Morse 
system. This system is sometimes called 
the Wheatstone code system. The Wheat-
stone code perforator shown here is the 
answer to the hope we have had and 
many other communications people have 
had (especially the United States Gov-
ernment departments) for a Wheatstone 
code tape perforator that could be de-
pended upon to do a job without the 
necessity for having a complete machine 
shop and highly skilled mechanical en-

gineers to adjust the perforator and keep 
it in operation. The McElroy-Creed MC-
9W gives you dependable operation at 
all times. 
I remember as an operator for R.C.A., 

we had one of these in our Boston office. 
It required practically no maintenance 
whatever during the more than two years 
that I watched the thing work. The unit 
is complete as shown . . . no silencing 
cover is required; no special power sup-
ply necessary. We are building these 
units here in Littleton and can make ship-
ment out of stock. 
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AUTO "Nre „te.„„,„É 

Keyer AHD 

Using the same high-speed keying 
head and drive as the McElroy ADK, 
our AHD functions a.s a single-pole, 
double-throw switching mechanism in 
producing unpolarized "mark" and 
"space" pulses as indicated or the 
Wheatstone perforated tape. As with 
the ADK, this unit offers a selection 
of speed ranges up to 500 words per 
minute. 

Mr[tROY 
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This is the automatic code transmitter 
that has come within the past few years 
to be recognized throughout the world as 
the most dependable Morse transmitter 
that has ever been built. The McElroy 
ADK (Autohead-Drive-Keyer) accepts 
perforated tape from either the keyboard 
perforator or our three-button perfora-
tor and provides a keying voltage and/or 
high-speed relay keying at any desired 
speed from 10 to 500 words per minute. 
Our ADK features a built-in keyed tone 
for monitoring. These are delivered "off 
the shelf". 
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At the receiving end, the incoming 
Morse dots and dashes are fed into the 
McElroy RAPC ( Recorder-Amplifier-
Puller-Combination). This quality ink 
recorder provides maintenance-free, de-
pendable reception under conditions 
where not even a good operator could get 
the signal through the hash. 

The normal speed of this Morse high-
speed system is about 150 words per 
minute. At this speed none of the equip-
ment is overworked, and this . . . at a 
speed on circuits where no one would 
dream of attempting to use ordinary 
printing telegraph systems. The inked 
slip may be either transcribed by opera-
tors or may be used for monitoring the 
circuit. This cannot be done with five unit 
systems. 
The RAPC Ink Recorder, as produced 

on certain Government contracts, is 
equipped with an automatic tape feed 
mechanism, which starts the tape puller 
instantaneously with the first incoming 
dots and dashes, and stops the tape puller 
at any interruption or stoppage of code. 

Recorder RPC 

The RPC Recorder is designed for 
those instailations where the ink re-
ccrding and tape pulling mechanisms 
can be remotely located from the am-
plifier. With its recording and pulling 
apparatus identical to the McElroy 
RAPC Recarder, the RPC offers de-
pendable high-speed recording. This 
unit may be connected to the amplifier 
section of the RAPC whose sharply 
peaked output is of sufficient magni-
tude to drive up to four ink recorders 
reliably. 



McElroy-Creed 

Morse Reperforator 
Model MC-7W 
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This is the McElroy-Creed Morse Re-
perforator MC-7W. Incoming Morse dots 
and dashes are fed into this reperforator 
at speeds up to 150 words per minute 
with the MC-7W producing perforated 
slip identical to that produced on the 
MC-9W perforator. This is simultaneous 
with the ink recording which makes it so 
easy to monitor the circuit. We will be 
tooled-up and producing these units early 
in 1954 at which time delivery can be 
made from stock. 

KELM 
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McElroy-Creed orse Relay 
Model MC-27 

The McElroy-Creed high-speed Re-
lay MC-27 ( shown wit) - cover re-
moved) accepts Morse characters from 
any standard communications receiver 
and delivers these code signals to the 
Morse Reperforator. 
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McElroy-Creed 

Morse Tape Printer 
Model MC-1T 

We believe this equipment to be 
the most dependable unit of printing tele-
graph apparatus we have ever seen in a 
lifetime of communications experience. 
Everyone in the Communications field un-
derstands only too well the high cost of 
maintenance and replacement parts on 
ordinary printing telegraph systems. The 
MC-1T Morse Tape Printer is so depend-
able that we old-timers always refer to 
the unit as the " iron-horse". They just do 

not fail! The perforated slip from the 
Morse Reperforator is fed into the Morse 
Tape Printer at speeds up to 100 words 
per minute. Upon receipt of this coded 
s1ip, the MC- 1T Tape Printer translates 
these signals in the form of Roman char-
acters on the slip. There you have a com-
pletely automatic, high-speed, dependable 
telegraph system with all of the advan-
tages that Morse code possesses over 
other means of code communication. 

_ 

McELROY MANUFACTUR I NO CORPORA T I ON Ninell 

McElroy-Creed 

Morse Page Printer 
Model MC-1 P 

This unit is of the same basic design as the Morse 
Tape Printer shown above except that provision 
is made for two additional Morse signals thereby 
allowing for line feed and carriage return. Be-
cause the greatest value in our Morse system lies 
in its almost total absence of maintenance, we are 
somewhat partial to the Tape Printer MC-1T 
where a guy doesn't even need a screwdriver to 
insure operation year after year. Pasting up slip 
how ever, can be most time consuming, and for Cen-
tral Office use, the Morse Page Printer has a very 
definite application. 

, .-,-seenlibleri: I 



Morse Package MP-1A, 
shown here, employs our standard three 
button perforator. Its simplicity of op-
eration will warrant its continued pro-
duction for those applications where 
either traffic conditions are light or per-
sonnel are not keyboard conscious. The 
MP-1A keying head is identical in every 
respect to the McElroy ADK and also 
provides for high-speed relay and voltage 
keying with built-in keying tone for mon-
itoring. The MP-1A recorder section has 
the same basic trouble-free design as all 
our recording equipment. The tape pull-
ing mechanism provides for a speed 
range of from 7 to 100'words per minute, 
or any other specified 7 to 1 ratio. 

Under our new licensing agreement " 
with Creed & Company, Ltd., we are 
now making plans to produce ,n the 
very near future, the Morse Package 
MP-1A unit complete with the Mc-
Elroy-Creed Keyboard Perforator. 
The perforator section of this modi-
fied MP-1A will be of the same 
dependable design as the Morse Key-
board Perforator MC-9W, but with the 
elimination of certain frame castings, 
etc. This means dependable keyboard 
perforating, as well as keying and 
recording, in a package about the size 
and weight of a portable typewriter 
. . . to be sure, a completely self-con-
tained and automatic Morse Central 
Office. 

McELROY 
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We are confident that our friends throughout the world 
will be pleased to know that the same skill and the same 
people who produce the world's greatest volume of tele-
graph communications equipment are now producing tele-
phone carrier systems under a license from a group of 
independent engineers and research men who have devel-
oped what we believe to be the lowest priced telephone 
carrier that has ever been offered. 
With each channel of Type S carrier exactly replacing a 

pair of wires, our unusually low price will allow this unit 
to "prove-in" under the cost of laying additional wire on 
distances as low as five miles! Stackable to five channels, 
Type S provides for five additional talking circuits for toll 
applications or will bring-in,with full selective ringing up 
to 50 additional subscribers. The first open-wire telephone 
carrier to make full use of the FM ( Frequency Modula-
tion) principal, Type S carrier provides for toll quality 
transmission regardless of weather or line variations. 

Type "S" 

FM Telephone Carrie 
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cElle 
LITTLETON. MASSACHUSETTS. U.S.A. * Cables: TEDMAC. Dolton. U.S.A. * telephone: Boston Liberty 24960 

To My Friends in Communications: 

I have tried my best to describe our equipment and tell 
you what it will do and continue to talk like a telegraph 
operator rather than a huckster. I wish I could show you 
some of the beautiful work these excellent facilities of 
ours have produced and continue to produce in radar cavity 
however. work. You just don't show pictures of that kind of stuff, 

May I emphasize that the greatest thrill I receive out 
of the mail we receive is not the checks, which are the 

necessary life blood of the place, but the friendly letters 
from people all over the world who have bought and have 
used our equipment. Such encouragement and friendly letters 
have contributed in no small way to make possible our growth 
from the days 25 years ago when I made telegraph keys and 
code practice oscillators in the basement of my home up to 
equipment. now when we are the world's largest producers of Morse 

In conclusion, may I say that this place of ours is no 
longer a one man outfit. We have a very competent staff 
of engineering personnel, skilled tool and die makers, 
first-class machinists and close to 100 girls in our assem-
bly shop, each a Rembrandt with the soldering iron. We 
will be here with maintenance parts and more and more com-
munications equipment long after I have passed out of the 
picture. So, at this point, on behalf of about 300 people, 
about our equipment. I express sincere thanks to you who have found time to read 

T. R. McELRor 
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THE Cettees 8R-1 CRYSTAL CALIBRATOR 

Plugs into a completely wired socket on the 75A-2 or 75A-3 chassis. A set 

of contacts on the noise limiter-calibrate switch turn the 8R-1 crystal calibra-

tor on and off. When harmonics of the 100 kc crystal have been checked 

against WWV, an accurate crystal check-point is available every loo kc 

throughout the receiver's range. Use of the 8R-1 crystal calibrator in con-

junction with the receiver's accurately calibrated linear dial permits inter-

polation to a fraction of a kilocycle. Net domestic price $25.00. 

THE CO g<rie 148C-1 NBFM ADAPTER 

Plugs into a completely wired socket on the 75A-2 or 75A-3 chassis and is 

controlled by the CW-AM-FM switch on the front panel. Use of the 148C-1 

adapter gives true discrimator reception of NBFM signals. Net domestic 

price $22.50. 

35C-2 LOW-PASS RF FILTER Although designed as 
an accessory for the 32V-3 and as standard equipment in 

the KW- 1, coaxial fittings make the 35C-2 readily adapt-

able to any amateur transmitter haying 52 ohm output. 

It has an insertion loss of only 0.25 db at frequencies be-

low 30 mc, but its three individually shielded filter sec-

tions provide about 75 db attenuation at television fre-

quencies. Net domestic price $40.00. 
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COLLINS 
k I for maximum 
w - i OPERATING CONVENIENCE 

AND POWER 

The Collins KW-1 runs a cool 1000 watts but tunes 
as easily as a 32V-3. It operates on phone or CW in 
the 160, 80, 40, 20, 15, 11, and 10 meter bands. A sin-
gle control on the front panel bandswitches the entire 
transmitter. All RF tuning controls except the final 
amplifier are ganged. To tune the KW- 1, just pick 
your band, set the built-in VFO to the desired spot, 
and adjust the final amplifier tuning and loading. 
That's all there is to it! 
The KW- 1 design effectively reduces spurious radi-

ation to a very low value, particularly at television 
frequencies. A metal box inside the main cabinet com-
pletely shields the RF section. A large number of tuned 
circuits at the operating frequency reduce harmonic 
output from the exciter. The final amplifier pi-L net-
work, deveioped by Collins, provides an effective TVI 
filter in the RE output circuit. To this is added the 
75 db television-frequency attenuation of the built-in 
35C-2 low pass filter. The final amplifier is tuned by a 
variable vacuum capacitor which provides a very short, 
low impedance path from the final amplifier plate cir-
cuit to ground at television frequencies. 
The KW- 1's reputation for getting through the QRM 

is due not only to its high power but also to its audio 
clipper followed by low-level and high-level low-pass 
filters which permit a high average percentage of mod-
ulation without splatter. 

KW-1 FEATURES: 
1000 w atts input on phone or CW (500 watts on 160); 

covers 160, 80, 40, 20, 15, 11, and 10 meter bands; 52 
ohm coaxial RF output; frequency control by means of 
the highly stable Collins 70E-14 oscillator; high im-
pedance input for crystal or dynamic microphone; over-
load relay, fuses and high voltage arc gaps for circuit 

V-4019 
V-90 10 

v-Aota v- ans r  
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The transmitter and all power supplies 
are contained in one attractive cabinet. 

protection; operates from 115/230 volts 50/60 cycle 
single phase grounded neutral; completely self-con-
tained in attractive metal cabinet 661/2" x 28" x 18"; 
controls include bandswitching, ;requency selector, fi-
nal amplifier tuning, final amplifier loading, filament 
switch, filament voltage adjustment, plate switch, over-
load reset switch, overload relay adjustment, send-
standby-calibrate switch, emission selector switch, tune-
operate switch, meter switch, power amplifier excita-
tion control, modulator bias control, audio driver bias 
control, clipping level, audio gain control, dial zero set. 
Net domestic price   $3,850.00 
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As can be seen in the block diagram, the Collins 
75A-3 double conversion superheterodyne receiver, 
with its crystal-controlled front-end and highly stable 
low frequency VFO, is like a high frequency crystal-
controlled converter working into a very stable low 
frequency receiver. The high stability and 3.1 kc band-
width of the 75A-3 make it ideal for AM or single 
sideband — and an 800 cycle mechanical filter is avail-
able as an optional accessory for CW. 

All coils are permeability tuned and have a straight-
line frequency characteristic allowing linear dial cali-
bration. Only the band in use is visible on the slide 
rule dial. On the vernier dial each division represents 
one kc except on the 10 and 11 meter bands, where 
each dial division represents two kc. This accurate cal-
ibration is made possible by the highly stable oscilla-
tors in the 75A-3. 
The 75A-3 covers the 160, 80, 40, 20, 15, 11, and 10 

meter amateur bands. Sensitivity on all bands is 2.5 
mv or better for a 10 db signal-to-noise ratio. Image 
rejection is at least 50 db. AVC is applied to RF as 
well as IF stages. Separate noise limiters are included 
for phone and CW. The S-meter is calibrated from 1 
to 9 in steps of approximately 6 db, and for 20, 40 and 
60 db over S9. S9 corresponds to a signal input of 100 
microvolts. Antenna input impedance is 50 to 150 
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ohms, balanced or unbalanced. A phone jack and 4 
ohm and 500 ohm audio output terminals are provid-
ed. Sockets and front-panel controls are included for 
the 8R-1 100 kc crystal calibrator and 148C-1 NBFM 
adapter which are available as optional accessories. 
The following controls are on the 75A-3 front panel: 
tuning, zero set, bandswitch, RF gain, audio gain, BFO 
pitch, CW limiter, antenna trimmer, crystal selectivity, 
crystal phasing, mechanical filter selector, CW-AM-FM 
switch, noise limiter-calibrate switch, on-off-standby 
switch. The 75A-3 operates from a 115 volt 50'60 
cycle ac power source. Cabinet dimensions are: 21-1 8" 
wide, 12-1 '2" high, and 13-1/16" deep. The 19" panel 
fits a standard relay rack. The 75A-3 weighs approxi-
mately 50 pounds. 

Net domestic prices: 
75A-3 receiver complete with 3 kc mechanical filter: 

$530.00 
10-inch speaker in matching cabinet: $20.00 
8R-1 crystal calibrator: $25.00 
148C-1 NBFM adapter: $22.50 
F455B-08...800 cycle mechanical filter: $55.00 
F455B-31. . . 3.1 kc mechanical filter: $ 55.00 
F455B-60...6.0 he mechanical filter: $ 55.00 
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MECHANICAL FILTER ADAPTERS FOR Cles 75A-1 
With the mechanical filter adapter shown here it takes 

only a few seconds to convert your 75A-1 receiver to in-

clude the Collins mechanical filter. Just remove the first 

500 kc IF tube and plug in the adapter. That's all there is 

to it. Either a 1400 cycle CW filter or a 3.1 kc phone filter 

is permanently installed in each adapter. 

Type 353C-14 plug-in adapter, complete with 1400 cycle 

filter, for 75A- I: $75.00 

Type 353C-31 plug-in adapter, complete with 3.1 he fil-

ter for 75A-1: $75.00. 

MECHANICAL FILTER CONVERSION KIT FOR 

The 75A-2 mechanical filter conversion kit will enable 

you to convert your 75A-2 to include two mechanical fil-

ters. A front-panel switch selects the desired filter. A 

F455B-31 3.1 kc phone filter is included with each kit and 

a F455B-08 800 cycle CW filter may be added at any time. 

You can install the complete kit in one evening or, if you 

prefer, your distributor will make arrangements for you 

to return your 75A-2 to Collins. The factory will make 

minor repairs and completely realign your 75A-2 in addi-

tion to installing the conversion kit. 

75A-2 conversion kit complete with F455B-31 3.1 kc 

mechanical filter $80.00. 

Factory installation of 75A-2 conversion kit including 

F455B-31 mechanical filter, minor repairs, and complete 

realignment of the 75A-2; F.O.B. Cedar Rapids $ 105.00. 

The mechanical filter is a resonant mechanical 

device in the receiver's i. f. strip. Unlike the crys-

tal filter, the mechanical filter remains in the 

circuit at all times. As shown here, it consists of 

three general sections: an input transducer, a 

mechanically resonant section consisting of a 

number of metal disks, and an output trans-

ducer. A 455 kc. electrical signal applied to the 

input terminals is converted into a 455 kc. me-

ONE SUPPORTING 
DISK AT EACH END 

415 KC 
ELECTRICAL SIGNAL 
(INPUT OR OUTPUT) 

75A-2 

F4558-08 800 cycle mechanical filter (plug-in) for 
75A-3's and modified 754-2s $ 55.00. 

F455A-3I 3.1 he mechanical filter (solder terminals) 
$55.00. 

F455A-08 800 cycle mechanical filter (solder termi-
nals) $55.00. 

chanical vibration at the input transducer by 

means of magnetostriction. This mechanical vi-

bration travels through the resonant mechanical 

section to the output transducer, and is convert-

' ed, by magnetostriction, to a 455 kc. electrical 

signal which appears at the output terminals. 

There is no mechanical motion except for the 

imperceptible vibration of the metal disks. The 

mechanical filter requires no adjustment. 

RESONANT MECHANICAL SECTION 
(6 RESONANT DISKS) 

INTERCONNECTING ROOS 

AS MAGNET 

MAGNETOSTRICTION 
TRANSDUCER COIL 

455 KC 
ELECTRICAL SIGNAL 

  (INPUT OR ouTPun 
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78 OTHER PRODUCTS 

AIRCRAFT I COMMUNICATIONS .AND BROADCAST 

Course Indicator 

618S 144-Channel 
HF Transceiver 

180L Automatic 
Antenna Tuner 

51V Glideslope 
Receiver 

17M 360-Channel 
VHF Transmitter 

Approach Horizon 

51X 360-Channel 
VHF Receiver 

INDUSTRIAL COMPONENTS 

Mechanical Filter 

Autotune 

••••, 
Oscillator 1 

leett 

ever 

Collins 430 Series 
Communications 

Transmitter 

511 Communications 
Receiver 

20V Broadcast 
Transmitter 

In requesting information on any Collins product, 
please specify equipment type number. 

For Engineering Excellence in Radio Equipment, it's ... 

COLLINS RADIO COMPAN-!, Cedar Rapids, Iowa 
W. 42nd Street 2700 W. Olive Avenue 1930 le-Line Drive 
NEW YORK 36 BURBANK DALLAS 2 

Collins 30K-5 
2-Channel 

Communications 
Transmitter 

3001 250-Watt 
Broadcast 

Transmitter 

21E/21M 
, 5,000 Watt:10,000 

Watt Broadcast 
Transmitters 
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GENERAL ELECTRIC 
HEADQUARTERS FOR ELECTRONICS RESEARCH 

.equi111111111111ilb 

At Electronics Park, near Syracuse, N. Y., General Electric 

maintains headquarters for electronic research and develop-

ment. From radio to radar, from computers to semi-conductors, 

potential uses of the electron are explored unceasingly by art 

army of scientists and engineers in this modern plant. 

An Entire Family of 

G-E PRECISION EQUIPMENT 
for Laboratory, Industrial, and High Quality Test Applications 

Power Supply ST-9A — Dual regulated power supply gives electronic 
overload protection plus built-in modulator. 

YPD-2 — General laboratory purposes. Accurate and dependable. 

Oscilloscope ST-2B — Has direct coupled amplifier. 
ST-2A — General purpose use. 

Germanium Diode Checker ST- 12A — Checks static characteristics of 
diodes. 

Sweep G tor ST-4A — Completely electronic.. . no moving parts. 

Sweep Marker Generator ST-SA — Crystal referenced calibrator from 
10mc to 300mc. 

TV Channel Sweep G tor ST-I IA — Speeds production line testing. 

Binary Scaler 45N- I A4— For general counting applications. 

• For full information call your nearest G-E Test Equipment Distributor 
or write: General Electric Company, Section 564, Electronics Park, 
Syracuse, New York. 

ELECTRIC 



SELECTIVE 
TONE SIGNALING EQUIPMENT 

An Entire Family of 
G-E FM Communications Equipment 

G-E Communications Equipment Covers the Range 

50 kc to 2,000,000 kc • 1 watt to 3,000 watts 

• G-E offers a complete line of communications equipment— 
from audio to microwave— for police, fire, oil, lumber, indus-
trial and civil defense applications. Typical are: 

Selective Tone Signaling Equipment—Duplex dispatching 
combinations, single tone, two-way, and group calling equip-
ment. Provides up to 900 private lines on one radio channel! 

Microwave— G-E microwave equipment offers dependable 
communication over long distances and in difficult terrain 
areas. Up to 24 channels available for heavy traffic use. 

Industrial 2-Way Radio Communication— G-E 2-way radio 
steps up production—increases profits. With it, equipment can 
handle more material—personnel do a better job on co-ordi-
nated activities. 

G- E EQUIPMENT FEATURES: 

• Narroa) or wide band opera-
tion 

• Low battery drain — cooler 
running equipment 

• Superior design, minimum 

tubes for efficient operation 

• Quality components—G-E 
makes more of its 2-way radio 
components than any other 
manufacturer 

For full information on G-E communications equipment call 
the General Electric office near you or write: General Electric 
Company, Section 564, Electronics Park, Syracuse, New York. 

GENERAL 

INDUSTRIAL 2-WAY RADIO 

ELECTRIC 



ELECTRONIC 
TUBES 

For new tubes... new Ham-News circuits... 

see your General Electric tube distributor! 

NEW G-E TUBES... like the v-h-f, u-h-f trio above ... 
keep your rig up-to-the-minute, give you top efficiency 
with economy. G.E. builds tubes of all types to precision 
standards—power tubes; rectifiers; glass, metal, and mini-
ature receiving types. Your General Electric distributor 

is your A-1 tube source. Keep in touch with him! 

IT'S G-E HAM NEWS for new ham gear, new circuits! 

Every issue brings you something useful. On 
this page are a few of the many pioneering 
devices Ham News introduced with full 
construction details, so you could build 
the equipment yourself. Ham News is 
free, if you pick up the magazine from 
your G-E tube distributor. Or ... for $1 
a year ... G. E. will mail Ham News to 
your home in the U.S., Alaska, Hawaii, 
or Panama, C.Z. General Electric 
Co., Tube Dept., Schenectady 5, N.Y. 

GENERAL r ELECTRil6C 
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CASCODE 2-METER PRE-AMPLIFIER 
G-E Ham News, Nov.-Dec., 1952 

e 

OM' 
ct• 

POWER PEAKER 

G-E Ham News, Sept.- Oct, 1952 

TVR HIGH-PASS FILTER 
G-E Ham News, Mor.-Apn., 1951 

SUPER 430 CONVERTER 

G-E Ham News, July- Aug., 1953 



FOR MILITARY, COMMERCIAL OR AMATEUR APPLICATION 

YOU CAN BUILD IT BETTER 
WITH A FREED TRANSFORMER 
YOU CAN TEST IT BETTER 

WITH A FREED INSTRUMENT 
TEST INSTRUMENTS TRANSFORMERS • REACTORS • FILTERS PRECISION 
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FREED TRANSFORMER CO., INC. 
SETS THE STANDARD FOR PERFORMANCE 

1728 Weirfield St., Brooklyn (Ridgewood) 27, N. Y. 



CAPACITORS 
FP (fabricated plate) and 
other dry eleetrob ties. 
1.1„,..,,.„e plastic tubular', 
ceramic I ri 1111 mers, el isc 
ceramics 

CONTROLS 
Nlidgetrol® sioule 41111d 
CUM...nitric earl •Ina trots, 
wire wound controls 

MERCURY BATTERIES 
Ideally suited for transis-
tor circuits and eounpaaet 
power supplies 

POWER RHEOSTATS 
25 to 5011 Watt 

RECTIFIERS 
Nlaagnesium clapper sulfide 
and selenium reetifier 
>narks, rectifier 'power 
supplies 

RESISTORS 
Fixed and &adjustable 
Nitreous enamel i> pes 

SWITCHES 
Circuit selemor and 
"Haenhaml" switchr-, 
jacks and plugs 

VARIABLE 
INDUCTANCE 
TUNERS 

VIBRA TORS 
Vibrators and Vibra-
pack® tiower supplies 

Make Sure ... 
Make It MALLORY 
You can count on Mallory Approved Prevision 

Products for long. trouble- free performance. 

They are backed bv years of skilled design and 

manufacturing experience. 

"Mallory also offers you a %% ealth of helpful. up-to-date 

literature and advice (en your teelinival problems. 

Call on your Mallory distributor ‘‘ heile‘er You 

need parts or information. He is ready to serve you. 

WerniiY 14IF 
SERVING INDUSTRY WITH THESE PRODUCTS: 

Electron'« hanicm • Resistors,Switches,7'elevisionTuners,Vibrators 
Electrochemical • Capacitors, Rectifiers, Mercury Batteries 
m.toilurgicoi • Contacts, Special Metals, Welding Materials 

P. R. MALLORY L CO., Inc., INDIANAPOLIS 6, INDIANA. 
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WHEREVER THE CIRCUIT SAYS -Vv\r-

' DVANCED TYPE BT RESISTOR 

Typ• 81 Insulated Composition Resistors — meet 
JAN-R-11 Specifications at VI. V2, 1 and 2 vro 
Small siz• STD specially designed for minia 
2 watt requirements. Type DT's are suited to 
television and similar • xacting circuits. Extremely 
low operating temperature. Excellent power dis. 
sipation. 10 ohms to 22 megohms in RMA rang 
(Fully described In Catalog RI3C8./ 

• 

Exceptionally stable, in•xpensiv• low wattage 
wire wound resistors. 1/4 , 1 and 2 watts-
0.24 ohms to 8,200 ohms in RMA ranges. 50% 
to 100% overloads con b• applied with 
negligible change, and return to initial value. 

(Fully described in Catalog ROC83 

TYPE Q VOLUME CONTROLS . 

1'46" meter on usitintil astil 11"0 
Q Control to th• smallest chassis, yet it handles 
big-set requirements with ease. Knob Master 
Fixed Shaft is standard and fits most push-on 
knobs without alteration. 15 Interchangeable 
Fixed Shafts provid• adoptability to -specials-. 
Accommodates Typ• 76 Switch. 86 plain end 
topp•d Q Controls give wid• coverag• of 
AM, FM and TV needs. 
(Fully described in Catalog RDC1.1 

The most depen o • re controls for 
power requirements up to 2 watts. Type W 
has 1/4" full round shaft 3" long from control 
face. Type WK has Knob Master Shah for 
fitting to knurled and flatted knobs; bushing is 
1/4 " long, and shaft 3" long from mounting 
face, loth types have 11/4 " diameter and 
accommodate Type W Switches. Resistance 
values. 2 ohms to 10,000 ohms. 
(Fully described in Catalog RDC1.) 

BW INSULATED WIR 



POWER WIRE WOUND RESISTORS 

IRC Fixed and Adjustable Power Wire Wounds ore 
rugged resistors engineered for heavy-duty ser-
vice. They are supplied in a wide variety of power 
ratings, resistance values, sizes and terminal types. 
TUBULAR POWER WIRE WOUNDS— fixed and 
adjustable, 10 to 200 watts, require no derating 
in high ranges. 10 and 20 watt fixed types have 
combination lead and lug terminals. 
TYPE PW-4—Four watt power resistors with axial 
leads. Completely insulated in high temperature 
plastic. Body dimensions 11/4 " long by 214,4 

diameter 1 ohm to 8200 ohms. 
TYPES PW-7 and PW-10—Seven and ten watt 
high temperature resistors of practical rectangular 
design with axial leads. 

(Fully described in Catalog RDC5.) 

INC AWLTISECTION 

ASSUAINE0 allItTISECTION 

AND SINALE CONTROL 

For ganged controls, IRC MULTISECTIONS are 
added to Q Controls like switches to provide 
an endless variety of duals, triples and quad-
ruples. Available in 20 values from 500 ohms 
to 10 megohms. MULTISECTIONS are a, easily 
and quickly attached as switches— and duals 
will accommodate Type 76 switches. 
(Fully described in Catalog RDC1.) 

FLAT INSULATED WIRE 
WOUND RESISTORS 

Unsurpassed for adaptability to an ex-remely 
wide variety of design requirements. Radical 
design features impervious phenolic compound 
casing, special metal mounting bracket that 
actually speeds transfer of heat from inside 
chassis. Space-suving MW's afford unusual 
flexibility in providing taps for voltage dividing 
applications. 

(Fully described ii Catalog RB-2.) 

MIL TYPE PRECISION 

WIRE WOUND RESISTORS 

IRC's improved Precision Wire Wounds surpass 
MIL- R- 93A Specifications and are fully inter-
changeable with earlier types. + 1% tolerance 
is standard. 7 Sizes. Resistance values from 
0.1 ohm to 6 megohms. 

"(Fully described in Catalog DC6.1 

INTERNATIONAL ISTANCE COMPANY 
401 N. Broad Street Philadelphia 8, Pa. 

In Canada: International Resi C•., Ltd., T•rirrite,, LI cc 
I  
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WHEREVER THE CIRCUIT SAYS -wr-

CLOSE TOLERANCE 
DEPOSITED CARBON PRECISTORS 

tolerance, stability and economy. Pure crystalline 

carbon bonded to selected ceramic cores over-
comes limitations of carbon composition resistors 
and higher cost of precision wire wounds. 
PRECISTORS offer wide ronge of values, guaran-

teed accuracy, high stability, low voltage coeffi-
cient, excellent frequency choracteristics, 
predictable temperature coefficient. 

Catalog RDC-3./ 

... ., , 
, 
i 

, 
' `. :,......., 

41 Other products in IRC's complete resistor line are described on the preceding pages. 

HIGH FREQUENCY R ORS 
Ty r frequ 
obov se o en •>': fesistors. 2 wo 
to 90 watts. Special construction, with resistance 

film bonded to steatite ceramic form, provides 
stable resistors of low inductance and capacity. 
Type MPM's are minioture 1/4  watt units for 
small- space, high frequency receiver applica-
tions. 

(Fully described in Cotalog RF-1.1 

HIGH VOLTAGE 

Ty fiance and power 
requt'Met s in voltage applications. 

Resistonce coating in helical turns on ceramic 
tube provides a conducting path of long 
effective length. 2 watts to 90 watts. Variety 
of terminal types. Type MVX's meet require-

ments for small, high range unit with axial 

leads. 2" x 1/4 " construction identical with 
Type MV's, except for terminal. 

. in Catalogs RG-1 and RG•2.) 

TYPE tC1 A Continuously compensated control 

that boosts lows and highs os volume is de-
creased— maintains depth and brilliance even 
ot whisper level. Automatically maintains 
proper balance of all frequencies in the 
audio spectrum at any listening level. 
Simple installation. 
TYPE 01-3. A low cost, easily installed TV 

anenuotor that permits ready adjustment of 
signal input to TV sets. 

(Fully described in Catalog DC?.) 



SEALED VOLTMETER MULTIPLIERS 
Dependable multipliers for use under the most 
severe humidity conditions, Type MF Resistors 
consist of a number of IRC Precisions interconnected 
and hermetically sealed in a glazed ceramic tube. 
Compact, rugged, stable, fully moisture- proof and 
easy to install. Maximum current: 1.0 M.A., 0.5 
megohms to 6 megohms. 

(Fully described in Catalog RD- 2.) 

MICROSTAK SELENIUM DIODES 

TYPE GA Drodes are IRC engineered for use 
in low current circuits where very high back 
resistance and low forward resistance are 
required. They are small size, hermetically 
sealed, and ideal for circuit applications 

up to 1 megacycle. 
IRC VARISTORS are non-linear resistors. They 
are voltage sensitive and provide sharp varia-
tion of resistance with applied voltage. 
(Fully described ir. Catalogs RDC11 and RSR-3.) 

INSULATED CHOKES 
Ideal for TV and similar circuits. Wide range 
of size and characteristic combinations permit 
accurate specification to individual require-
ments. Types CIA and CL-1 Chokes are fully 
insulated in molded phenolic housings— pro-
tected from high humidity, abrasion, physical 
damage or shorting to chassis. 

(Completely described in Catalog RDC7.) 

OTHER IRC PRODUCTS 

IRC manufactures a wide line of resistors, controls and related 
electronic components for equipment manufacturers, service 

technicians and amateurs. 
In addition to the products described on these pages, IRC 

also furnishes— 
BORON-CARBON PRECISTORS • MOLDED BORON-CARBON 
PRECISTORS • INDUSTRIAL CONTROLS • 4 WATT TV 
CONTROLS • FLAT TYPE POWER WIRE WOUNDS • FEED-

THRU TERMINALS. 

SEND FOR LITERATURE 

For full information on any IRC product visit your local IRC 

Distributor or write for the Catalog Bulletin in which you 

are interested. 

INTERNATIONAL RESISTANCE COMPANY 
401 N. Broad Street Philadelphia 8, Pa. 

In Canada: International Resistanc• Co., Ltd., Toronto, Licensee 
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PROFESSIONAL STANDARDS 

Communications Receivers 
for finest Performance 

The "SP-600-JX" 

The "SP-600-JX", a masterpiece of receiver design, 
is a 20 tube dual conversion superheterodyne cov-
ering the range of 540 Kc to 54 Mc in 6 bands. 
Operation on any of 6 crystal-controlled fixed fre-
quency channels is immediately available. The 
power supply is an integral part of this world-
famous receiver. 
The "SP-600" represents today's ultimate in 

receiver performance. Stability is .001 to .01 per-
cent, image rejection is 80 db to 120 db down, and 
spurious responses are at least 100 db down. Sen-
sitivity is 1 microvolt CW and 2 microvolts AM.. 
Selectivity for the 3 calibrated crystal and 3 non-
crystal ranges is from 200 cycles to 13 Kc. 

The "HQ- 140-X" 

The "HQ-140-X" was designed to give years of 
reliable, quality performance. Its many out-stand-
ing features are evidence that it was built for those 
who appreciate professional standards. Extremely 
accurate frequency setting is achieved because of 
its carefully calibrated bandspread dial. The Ham-
marlund patented 455 Kc crystal filter and phasing 
network makes possible bandwidth changes with-
out the slightest detuning. The separate oscillator 
(6C4) and mixer (6BE6) contribute to the high 
degree of oscillator stability. 
Low-loss tube sockets, ceramic bandswitches, 

temperature compensating capacitors, zero tem-
perature coefficient ceramic trimmers, and a bi-
metallic compensating plate, all keep frequency 
drift to less than 0.01%, from the lowest frequency 
(540 Kc) to the highest (31 Mc). 

WANT TO KNOW MORE ABOUT 
HAMMARLUND RECEIVERS? 

Write immediately to have your name placed 

on our Receiver mailing list. 

i-YU4UJJL1J 



SIGNALING & CONTROL EQUIPMENT 
At de/owe» ereatertil 

Economical Systems 
of Modern Design 

SELECTIVE CALLING OR SIGNALING 

Hammarlund Selective Calling equipment, added 
to 2-way radio systems used to control large fleets 
of vehicles, or distant fixed stations, add privacy, 
speed, safety, quietness and convenience to day-in-
day-out operations. By the push of a button the 
dispatcher within 0.8 of a second selects the indi-
vidual station or group of stations he wants to con-
tact. If the operator of the car or station being 
called doesn't answer, an indicator lamp remains 
lighted to show he was called. 

REMOTE SUPERVISORY CONTROLS 

The Hammarlund "Multi-Gate" Remote Super-
visory and Control System is engineered to provide 
highly efficient, fully reliable operational controls 
of important remote equipment such as used by 
refineries, pipelines, utilities, railroads, civil de-
fense and other commercial, as well as military 
groups. This equipment makes possible the opera-
tion of many distant functions immediately and 
positively from one or more master stations. 

POINT TO POINT SIGNALING 

The Hammarlund Standard Duplex Signaling Unit 
consists of a tone generator and receiver designed 
to operate over wire lines, telephone or power line 
carrier, and radio or microwave communications 
circuits for signaling, dialing, slow speed telemeter-
ing, supervisory controls or other information. 
Transmitters and receivers are available for 36 
frequency channels between 2000 and 6475 cps. 

The above are examples of the many types of sig-
naling and control units and systems, designed and 
manufactured by Hammarlund, and now in use by 
groups requiring remote operations and continu-
ous indication of operating conditions. 

Write for detailed information on equipment 

to fulfill your requirements. 

Aircraft 
Communications 11Systom Control 

Multi-Gato 
for 

Remote Control 



Reliable Component 
The "MAC" 

The "MAC" provides the low minimum capacity 
essential for use as a trimmer in the VHF range. 
It was engineered to achieve the smallest dimen-
sions practical to meet the requirements of a mini-
aturized component. Its silicone treated steatite 
base is only 3/4 " x 

Rotor and stator are soldered assemblies and 
are of brass, nickel plated. Capacities range from 
1.4 to 19.6 mmf. 

The "BFC" 
The "BFC" "butterfly" type capacitor has very low 
minimum capacity, low inductance and isolated 
rotor for use in VHF applications as a series capac-
itor with no rotor contact. Brass rotors and stators 
are soldered and nickel-plated. The contact wiper 
is heavily silver-plated beryllium-copper. 

Capacities range from 3.4 to 40.1 mmf. 

The "APC" 
The "APC" trimmer capacitor originated by Ham-
marlund over twenty years ago is still widely rec-
ognized as the standard capacitor of its type. 

Its use is indicated in all classes of equipment 
where a compact, high quality air dielectric trim-
mer is required. It was designed to resist effects of 
temperature, moisture and vibration. 

Capacities range from 3.0 to 140 mmf. 

The "MAPC" 
The "MAPC" capacitor is a scaled-down version of 
the popular "APC" with everything reduced except 
the quality and performance characteristics. 

Lower minimum capacities and low inductance 
make the "MAPC" suitable for VHF use. Capaci-
ties range from 2.3 to 100 mmf. 

The "MC" 
The "MC" is a versatile single section tuning 
capacitor designed to give a choice of mountings, 
connections and capacity characteristics. "MC-S" 
capacitors have a straight line capacity character-
istic. "MC-M" units have offset plates resulting in 
a "Midline" characteristic which more equally 
spaces frequencies. Capacities range from 5.5 to 
320 mmf. 



with Beam Power 93 
For that modern, high-efficiency, low-cost transmitter, 

always design around RCA Beam Power Tubes 

Beam power tubes—an original RCA de-
velopment—enable you to design and build 
high-efficiency rigs at less cost. Because of 
the low power required to drive beam power 
tubes, you can operate your transmitter 
with low-power-level exciters— minimize 
your TVI problems.With beam power tubes, 
you get peak performance with fewer stages 
— which makes for easier band switch-
ing — fewer tubes, and fewer components. 

Put the advantages of beam power to 
work for you when you design. Specify 

RCA. There's an RCA Beam Power Tube 
for every input up to 1000 watts—and every 
frequency up to 225 Mc. For additional data 
on RCA beam power types see Table 17 in 
Chapter 27 of this Handbook. 

RCA HAM TIPS. Written by radio 
amateurs for radio amateurs, this 
up-to-the-minute publication is 
jam-full of how-to-make-it articles, • 
as well as non-constructional articles 
on TVI. Free from your RCA Tube Distributor. 
Or write RCA, Commercial Engineering, Section 
Al 1M, Harrison, N. J. 

ADIO CORPORATION of AMERICA 
RON FUSES 

1000 watts and more, CW 
675 watts phone 
(Full input up to 75 Mc) 

High-power "final." A 2E26 drives it. A 

pair of 810's modulates it. Maximum 

plate voltage is 4000 volts for CW and 

3200 volts for phone. 

500watts CW;375wattsphone 
(Full input up to 120 Mc) 

Two 4-125A/4021's take 1 KW on CW, 

750 watts on phone. One 2E26 drives o 

pair. Two 811-A's modulate them. Max-

imum plate voltage is 3000v for CW, 

2500v for phone. 

HARRISON, N.J. 

90 watts CW; 67.5 watts phone 
(Full input up to 60 Mc 

Reduced input up to 175 Mc) 

Circuit versatility of this tube is matched 

by few other types. Excellent for 2-meter 

work—handles 48 watts input on phone 

at 150 Mc. In a class A13 1 modulator, 

two 6I46's can deliver up to 120 watts. 

Thyratrons, Rectifiers, Voltage Regulator Tubes 



time for you to 

get busy with 

TRANSISTORS 

4.40' 

* Please address your inquiries: 
CHIEF CONSULTING ENGINEER, 

Transistor Development and Application Division, 
Hydro-Aire Inc. 

3000 Winona Avenue, Burbank, Calif. 

Every HAM and Radio 

Hobbyist should know 

about Transistors. The Time 

to investigate is NOW! 

From now on the use of Transis-
tors4 is going to spread rapidly. 
Their advantages in simplifyin 
design are unique. Their potential , 
applications are endlielL 

.— 
Whenever you think of vacuum 
tubes, from now on you should 
consider the possibility of substi-
tuting Transistors. True, the 
characteristics of the Transistor 
do not lend themselves to direct 
replacement of tubes in existing 
circuitry, each new application 
must be designed around the 
Transistor. What makes the 
Transistor so overwhelmingly , 

worth while is its small size light weight, weight, long life low 

cost. In addition, the 
versatility of f 
a broad new 
never before 

sistor's 
opens up 

of applications 
ible. 

Free Literati% s now available 
from Hydro- Aire, giving guidance 
on h o rr te use Point-contact Tran-
sis rs in certain HAM applica-
tions; and also how to build a 
miniaturized home broadcast re-
ceiving set using Transistors sup-
plied by Hydro-Aire. Write now * 

Actual size 

HYD 110 AI RE 
BURBANK, CALIF. 

Subsidiary of Crane Co. 

CONSULTANTS ON TRANSISTOR APPLICATIONS 

94 



DIFFUSED JUNCTION 
GERMANIUM RECTIFIERS 

AISOLUTE MAXIMUM RATINGS — T-

DIFFUSED JUNCTION RECTIFIER 1N91 1N92 

55'C — RESISTIVE LOAD 

1N93 1N151 1N152 1N153 1N158 

130 

380 

1.57 

300 

OMS INPUT VOLTAGE (Mal 

PEAK INVERSE VOLTAGE' (ViM) 

PEAR FORWARD CURRENT (Amps.) 

D.C. OUTPUT CURRENT (Mal 

D.C. OUTPUT CURRENT-
CAPACITIVE LOAD (Mel 

D.C.-SURGE CURRENT (Amps.) 

FULL LOAD VOLTAGE 0110f (vela peek) 

LEAKAGE CURRENT (Ms., e V.I.P. 

CONTINUOUS REVERSE 
WORKING VOLTAGE (Vila D.C.) 

OPERATING FREQUENCY (KC) 

STORAGE TEMPERATURE (*C) 

35 70 105 

100 

0.47 

200 300 

0.25-

100 200 300 

0:31 1.57 1.57 1.57 

150 1100 73 - 300 

350 

2a 23 

0.5 — 

25 23 

500 

350 

500 

350 350 

25 

1.4 

0.8 

25 23 

0.7 0.$ 0.5 0.7 0.7 

2.7 

30 

1.9 1.2 

63 

50 

85 

sa 
85 

100 

50 

85 

2.4 

30 
so 

- 8.5 

1.9 

63 

50 

85 

1.2 

100 

30 
85 

185 

so 

•Typicol ob.oltol• 01101a11111111 ratings. For other combinations refer to Fie. 

A SINGLE 

I N91 RECTIFIER 

• operated from a 6.3 volt 
transformer makes an ideal 
trickle charger for your 
storage battery! 

• delivers up to .5 amps 
... and is an inexpensive 
way to get D.C. voltage 
for your tube filaments! 

GENERAL 

• VERY LOW LOSSES when used for power sup-
plies, battery chargers, filament supplies and switch-
ing circuits. 

• HERMETICALLY SEALED against deteriorating ele-
ments. Glass-to-metal seals throughout. 

• MINIATURE SIZE to facilitate use in all electronic 
equipments, yet heat losses are dissipated efficiently. 

• DESIGNED to meet all military humidity tests and 
shock and vibration requirements. 

• MULTIPLE ARRANGEMENTS can be made for full 
wave or bridge circuits up to tens of amperes. Send 
us your requirements—our engineers will furnish 
st complete recommendation. 

Send for complete specifications: General Electric Co., 
Section 564. Electronics Park, Syracuse, New York. 
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TOLERANCE (kc) PRICE 

$3.75 

RANGE (kc) 

1803-1822 
1878-1897 
1903-1922 
1978-1997j 

3500-3997 

7000-7425', 
8000-8222 

12500-13615 
14000-14850 

+5 

+30 

On crystals supplied to the toler-
ance above, the nameplate fre-
quency is calibrated to + .002% 
in factory test equipment. The drift 
is less than .0002% per 

$2.95 

$2.95 

$3.95 

gedeet TYPE 

AX3 

RANGE (k4 TOLERANCE (kc) 

24000-24333' 
25000-25500) 

+5 

PRICE 

$3.95 

Specially designed third overtone crystal 
produced for the Bliley CCO-2A oscilla-
tor. On crystals supplied to the tolerance 
above, the nameplate frequency is cali-

brated to ± .003% in factory test equip-
ment. The drift is less than .0002% per °C. 

edee &zeal& FOR 23 YEARS 
TOP AMATEUR CHOICE... 

eel«, TYPE CCO-2A 

This famous packaged 
oscillator unit was de-
signed and engineered to 
utilize the many advan-
tages of crystal control 
on 2-6-10-11 meters. 
With the CCO-2A, out-
put is obtained directly 
on 6-10-11 meters; oper-
ation on 2 meters re-
quires only a tripler stage. 

Specified for 10 meters 
and 11 meters is the Bliley type AX2. For 6 meter 
operation, use Bliley type AX3. On 2 meters, select 
an AX3 crystal which will triple to the desire 41 trans-
mitting frequency. 

PRICE: $ 11.95 ( Less Tube and Crystal) 

Seeleet TYPE MC9 

\ SPOT FREQUENCIES 

eat NET OPERATION 

RANGE (kc) TOLERANCE (kc) PRICE 

ANY SPECIFIED 
FREQUENCY 
SIETWEEN 

3000- 10000 
+.03% $4.80 

On crystals supplied to the tolerance above, 
the nameplate frequency is calibrated to 
± .002% in factory test equipment. The 
drift is less than .0002% per °C. 

You will find these famous Bliley amateur products 
described in Bulletin 44-A— now available at your 

favorite distributor of amateur equipment. 

.. . 

UN:VON STATION BLDG., ERIE, PENNSYLVANIA 



PRODUCTS of the YEAR 
Radio Transmitter Model 5100 

• OUTPUT- 100 watts phone, 
125 watts CW. 

• OPERATION—VFO or 80 meter 
crystal. VFO is built-in accu-

rately calibrated, highly stable. 

• COVERAGE-80-40-20.15-
11-10 Meter bands. 

• R-F AMPLIFIER—Pi- network 
tank circuit for matching im-
pedances from 40 to 125 ohms. 

• Television interference supp d. 

This B&W transmitter has 
been designed for the most 
discriminating operator. It is 
built for consistent, depend-
able service, and a high qual-
ity signal output, be it tele-
phone or telegraph. Though 
highly compact, its layout is 
straight- forward with all 
components easily accessible. 
The heavy gauge steel cabinet 

is finished in a pleasing shade 
of blue-gray Hammertone. 
The richly finished front panel 
clearly indicates all switch 
and knob designations. 
Weighing only 83 lbs., 211/2 " 
wide x 151/4" high x 151/8" 
deep, this B&W Transmitter 
is an attractive piece of equip-
ment that will catch the eye 
of the most critical amateur. 

Grid Dip Meter 
This indispensable measuring 
instrument enables you to get 
the most out cd your equip-
ment. Its amazing performance 
will save you tune in initial 
transmitter tuning, neutralizing. 
antenna loading, and dozens of 
other jobs. Extremely versatile, 
it can be used as a sensitive 
grid dip meter, a signal gener-
ator, an absorption wave meter, 
or as a signal monitor from 
1.75 to 260 mc. The calibrated 
calor coded dial is divided in 
5 bands matching each of the 
5 coils suppl:ed. 

1- KW Multi- Band Balun 
This deluxe unit provides selec-
tion of an appropriate Balun by 
the twist of a selector knob 
when the operator desires to 
change operation from one band 
to another. It may be used with 
any one of five separate half 
wave folded dipoles or any 
multi-band antenna system 
whose feedline reflects a con-
stant impedance of 300 ohms. 
Intended for indoor use, within 
easy reach from the operating 
position, its design provides for 
operation within the amateur 
bands 80-40-20-15 and 10 meters. 
Impedance characteristics are 
75 ohms unbalanced input to 
300 ohms balanced output. 

1- KW Single Band 
Beam Balun 

These 1-KW Salons are ideal 
for use with beam antennas 
employing the popular "T" 
matching section. Available in 
models for eithet 20, 15, or 10 
meter operation, the input of 
each Balun is designed to match 
a 75 ohm unbalanced feed line 
system while the output, in a 
combination connection with a 
"T'' section, matches 100 ohms. 
The metal case is wearhetproof 
and fitted with a coaxial input 
connector and ceramic feedihru 
output terminals. 

1-KW Single Band Balun 

These 1-KW Baluns are de-
signed for half-wave folded di-
pole antennas. Input character-
istics are 75 ohms unbalanced 
to an output of 300 ohms bal-
anced. They are available in 
five models for operation at 
either 80-40-20-15 or 10 meters. 
Housed in sturdy, weatherproof 
Hammertone metal cases, all 
are equipped with coaxial input 
connectors and ceramic feed-
ln u 011iptIr terminals. 

R- F Power Meter 

This handy instrument is in-
dispensable for measuring the 
output power of transmitters, 
and as a dummy load in tune 
up procedures when no radia-
tion is desired. The large, fan-
type, power output scale is in-
valuable for indicating the final 
performance of your equipment. 
Power rating is 125 watts inter-
mittent, 100 watts continuous. 
Max. SWR is 1.5:1. Models for 
52 or 75 ohm input impedance 
are available for 0 to 40 mc 
or 35 to 100 mc. 

TURN PAGE FOR MORE 138M DEPENDABLE PRODUCTS 



SIGNALING & CONTROL EQUIPMENT 
defietei414+ emend./ 

Economical Systems 
of Modern Design 

SELECTIVE CALLING OR SIGNALING 

Hammarlund Selective Calling equipment, added 
to 2-way radio systems used to control large fleets 
of vehicles, or distant fixed stations, add privacy, 
speed, safety, quietness and convenience to day-in-
day-out operations. By the push of a button the 
dispatcher within 0.8 of a second selects the indi-
vidual station or group of stations he wants to con-
tact. If the operator of the car or station being 
called doesn't answer, an indicator lamp remains 
lighted to show he was called. 

REMOTE SUPERVISORY CONTROLS 

The Hammarlund "Multi-Gate" Remote Super-
visory and Control System is engineered to provide 
highly efficient, fully reliable operational controls 
of important remote equipment such as used by 
refineries, pipelines, utilities, railroads, civil de-
fense and other commercial, as well as military 
groups. This equipment makes possible the opera-
tion of many distant functions immediately and 
positively from one or more master stations. 

POINT TO POINT SIGNALING 

The Hammarlund Standard Duplex Signaling Unit 
consists of a tone generator and receiver designed 
to operate over wire lines, telephone or power line 
carrier, and radio or microwave communications 
circuits for signaling, dialing, slow speed telemeter-
ing, supervisory controls or other information. 
Transmitters and receivers are available for 36 
frequency channels between 2000 and 6475 cps. 

The above are examples of the many types of sig-
naling and control units and systems, designed and 
manufactured by Hammarlund, and now in use by 
groups requiring remote operations and continu-
ous indication of operating conditions. 

Write for detailed information on equipment 
to fulfill your requirements. 

Push-Button Selective Calling 

Air/raft 
Communications 
System Control 

Multi-Gate 
for 

Remote Control 

THE HAMMARLUND MANUFACTURING CO., INC. 
460 WEST 34th STREET • NEW YORK 1, N. Y. 



Reliable Component; 
The "MAC" 

The "MAC" provides the low minimum capacity 
essential for use as a trimmer in the VHF range. 
It was engineered to achieve the smallest dimen-
sions practical to meet the requirements of a mini-
aturized component. Its silicone treated steatite 
base is only 3/4" x s/s". 

Rotor and stator are soldered assemblies and 
are of brass, nickel plated. Capacities range from 
1.4 to 19.6 mmf. 

The "BFC" 
The "BFC" "butterfly" type capacitor has very low 
minimum capacity, low inductance and isolated 
rotor for use in VHF applications as a series capac-
itor with no rotor contact. Brass rotors and stators 
are soldered and nickel-plated. The contact wiper 
is heavily silver-plated beryllium-copper. 

Capacities range from 3.4 to 40.1 mmf. 

The "APC" 
The "APC" trimmer capacitor originated by Ham-
marlund over twenty years ago is still widely rec-
ognized as the standard capacitor of its type. 

Its use is indicated in all classes of equipment 
where a compact, high quality air dielectric trim-
mer is required. It was designed to resist effects of 
temperature, moisture and vibration. 

Capacities range from 3.0 to 140 mmf. 

The "MAPC" 
The "MAPC" capacitor is a scaled-down version of 
the popular "APC" with everything reduced except 
the quality and performance characteristics. 

Lower minimum capacities and low inductance 
make the "MAPC" suitable for VHF use. Capaci-
ties range from 2.3 to 100 mmf. 

The "MC" 
The "MC" is a versatile single section tuning 
capacitor designed to give a choice of mountings, 
connections and capacity characteristics. "MC-S" 
capacitors have a straight line capacity character-
istic. "MC-M" units have offset plates resulting in 
a "Midline" characteristic which more equally 
spaces frequencies. Capacities range from 5.5 to 
320 mmf. 

LIJ 



AMMARLUND CAPACITORS 

For Your Equipment 
The "RMC" 

The "RMC" was designed specifically for applica-
tions requiring an "MC" type tuning capacitor with 
very rigid construction, such as mobile operation. 
Its sturdy frame consists of heavy gauge aluminum 
end panels held together by three aluminum tie 
rods. 

It has a brass sleeve front bearing and a single 
ball thrust rear bearing for smooth tuning and a 
high degree of resetability. Capacities range from 
7.3 to 327 mmf. 

The "VU" 
A uniquely designed UHF tuning capacitor using 
completely original concepts. With it, conventional 
"lumped constant" circuits, rather than tuned 
cavity techniques, can be efficiently used up to 500 
Mc. Capacitor sections are in series to eliminate 
rotor wiper and the design utilizes Pyrex balls to 
form precision bearings and to completely isolate 
the rotor. 

The vacuum tube and inductor can be mounted 
adjacent to and on opposite sides of the capacitor 
to minimize circuit inductance. Capacities range 
from 3.35 to 45 mmf. 

The "HF" Series 
The "HF" is a single section tuning capacitor em-
ploying "APC" rotor and stator design. Extra-long 
sleeve bearing and positive contact nickel-plated 
phosphor-bronze wiper make this unit ideally 
suited to high frequency applications. Also avail-
able as a dual "HFD". Capacities range from 2.8 
to 142 mmf. 

Write 

today 

for our 

latest 

Capacitor 

Catalog 

H/D4M/RLUND 

cAPAciroa 



500 watts CW;400watts phone 
(Full input Jp to 30 Mc) 

This high-power rf amplifier delivers 

more watts per dollar than any amateur 

beam power tube in its class. A 6L6 
drives it. Opera•lee efficiently Pver o 

wide range of plate voltage. 

75 watts CW-; 60 watts phone 
(Full input up to 60 Mcl 

Versatile beam power tube for an-pli-

Viers, modulators. oac frequency multi-

pliers. A 6AG7 *ives. it; a pair of 807's 

modulates it. 

120 watts watts phone 
(Full irput up ,o 200 Mc) 

Twin Beam Power Tube for VHF. One 
2E26 drives it; two EOP's modulate it. 

Maximum plate voltage: 750v on CW, 
600v on phone. 

40 watts CW; 27 watts phone 
(Full kraut up to I 25 Mc 

Reduced input up 'is I 75 Mc) 

RF power amplifier, freq. multiplier, os-

cillator. Well-suited for mobile and emer-

gency services. A 6AG7 drives it; a pair 

of 6V6-GT's o, o 6N7 modulates it. 

17 watts CW; 15 watts phone 
(Full input up to 50 Mc 

Reduced input up to 175 Mc) 
RF amplifier, frequency multiplier, oscil-

lator— handles more power than any 
"miniature" in amateur radio. For 

mobile, portable, or %I'd service. It de-

livers full power with only a 350v supply. 

345 watts CW;270wattsphone 
(Full input up to 50 Mc) 

Medium-power if amplifier. A 6AG7 

drives it. Maximum plate voltage: 3000v 

for CW, 2500v for phone. 



with Beam Power 93 
For that modern, high-efficiency, low-cost transmitter, 

always design around RCA Beam Power Tubes 

Beam power tubes—an original RCA de-
velopment—enable you to design and build 
high-efficiency rigs at less cost. Because of 
the low power required to drive beam power 
tubes, you can operate your transmitter 
with low-power-level exciters—minimize 
your TV1 problems.With beam power tubes, 
you get peak performance with fewer stages 
— which makes for easier band switch-
ing — fewer tubes, and fewer components. 

Put the advantages of beam power to 
work for you when you design. Specify 

RCA. There's an RCA Beam Power Tube 
for every input up to 1000 watts—and every 
frequency up to 225 Mc. For additional data 
on RCA beam power types see Table 17 in 
Chapter 27 of this Handbook. 

RCA HAM TIPS. Written by radio 
amateurs for radio amateurs, this 
up-to-the-minute publication is 
jam-full of how-to-make-it articles, 
as well as non-constructional articles 
on TVI. Free from your RCA Tube Distributor. 
Or write RCA, Commercial Engineering, Section 
Al IM, Harrison, N. J. 

RADIO CORPORATION of AMERICA 
ELECTRON TURFS 

1000 watts and more, CW 
675 watts phone 
(Full input up to 75 Mc) 

High-power "final." A 2E26 drives it. A 

pair of 810's modulates it. Maximum 

plate voltage is 4000 volts for CW and 

3200 volts for phone. 

500watts CW; 375watts phone 
(Full input up to 120 Mc) 

Two 4-125A/4021's take I KW on CW, 

750 watts on phone. One 2E26 drives o 

pair. Two 811-A's modulate them. Max-

imum plate voltage is 3000v for CW, 

2500v for phone. 

HARRISON, N.J. 

90 watts CW; 67.5 watts phone 
(Full input up to 60 Mc 

Reduced input up to 175 Mc) 

Circuit versatility of this tube is matched 

by few other types. Excellent for 2-meter 

work— handles 48 watts input on phone 

at 150 Mc. In a class A8 i modulator, 

two 6146's can deliver up to 120 watts. 

Thyratrons, Rectifiers, Voltage Regulator Tubes 



time for you to 

get busy with 

TRANSISTORS 

* Please address your inquiries: 

CHIEF CONSULTING ENGINEER, 
Transistor Development and Application Division, 

Hydro-Aire Inc. 
3000 Winona Avenue, Burbank, Calif. 

Every HAM and Radio 

Hobbyist should know 

about Transistors. The Time 

to investigate is NOW! 

From now on the use of Transis-

tors is going to spread rapidly. 

Their advantages in simplifàpg 
design are unique. Their pofflal 

applications are end. 

Whenever yuu think of vacuum 

tubes, from now on you should 
considelthe possibility of substi-

tuting Transistors. True, the 

characteristics of the Transistor 
do not lend themselves to direct 

replacement of tubes in existing 

circuitry, each new application 

must be designed around the 

Transistor. What makes the 
Transistor so overwhelmingly 

ci->t er 

worth while is its small size 
light weight, long life an 

cost. In addition, the nsistor's 

versatility of f n opens up 
a broad new of applications 

never before ible. 

Free Litera t s now available 
from Hydro- Aire, giving guidance 

on howeo- use Point-contact Tran-

sistors in certain HAM applica-

tions; and also how to build a 

miniaturized home broadcast re-
eiving set using Transistors sup-

plied by Hydro-Aire. Write now * 

Actual size 

HYDROAIRE., 
BURRAN K, CALIF. 

Subsidiary of Crane Co. 

CONSULTANTS ON TRANSISTOR APPLICATIONS 

94 



DIFFUSED JUNCTION 
GERMANIUM RECTIFIERS 

ABSOLUTE MAXIMUM RATINGS —T-55 °C — RESISTIVE LOAD 

DIFFUSED JUNCTION RECTIFIER 

ENS INPUT VOLTAGE ( Volts) 

PEAK INVERSE VOLTAGE • (Vol?,) 

PEAK FOIWARCI CURRENT ( Amps.) 

D.C. OUTPUT CURRENT' (Mc ) 

D.C. OUTPUT CURRENT-
CAPACITIVE LOAD (Me.) 

0.C..SURGE CURRENT gaps.) 

FULL LOAD VOLTAGE IRO? (volts peek)  

LEAKAGE CURRENT (Me, e rated P.I.V. 
CONTINUOUS REVERSE 

WORKING VOLTAGE (Volts D.C.)  

OPERATING FREQUENCY ( KC) 

STORAGE TEMPERATURE (°C) 

1N9I 

100 

0.47 

IN92 

200 

0.31 

I N93 

300 

0.25 

INI51 

35 

100 

1.57 

IN152 

70 

200 

- 1.57 

1NI53 

105 

300 

1.57 

IN158 

130 

300 

1.57 

500 150 100 75 500 

350 

500 

350 

500 

350 350 

25 

1.4 

0.8 

25 25 25 25 25 25 

.0.5 

2.7 

30 

50 

0.5 

1.9 

65 

50 

0.5 

1.2 

100 

50 

0.7 

2.4 

30 

50 

85 85 83 83 

0.7 

1.9 

65 
50 

85 

0.7 

1.2 

100 

50 

185 

50 

85 85 

Typical absolute maximum ratings. For other combinations refer to Fig. I 

A SINGLE 

1 N91 RECTIFIER 

• operated from a 6.3 volt 
transformer makes an ideal 
trickle charger for your 
storage battery! 

• delivers up to .5 amps 
... and is an inexpensive 
way to get D.C. voltage 
for your tube filaments! 

GENERAL 

VERY LOW LOSSES when used for power sup-
plies, battery chargers, filament supplies and switch-
ing circuits. 

• HERMETICALLY SEALED against deteriorating ele-
ments. Glass-to-metal seals throughout. 

• MINIATURE SIZE to facilitate use in all electronic 
equipments, yet heat losses are dissipated efficiently. 

• DESIGNED to meet all military humidity tests and 
shock and vibration requirements. 

• MULTIPLE ARRANGEMENTS can be made for full 
wave or bridge circuits up to tens of amperes. Send 
us your requirements—our engineers will furnish 
a complete recommendation. 

Send for complete specifications: General Electric Co., 
Section 564. Electronics Park, Syracuse, New York. 
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PRICE 

$3.75 

RANGE (kc) 

1803-1822 
1878-1897 
1903-1922 
1978-1997J 

3500-3997 

7000-7425} 
8000-8222 

12500-13615 
14000-14850 

TOLERANCE ( kc) 

+5 

+5 

+30 

On crystals supplied to the toler-
ance above, the nameplate fre-
quency is calibrated to + .002% 
in factory test equipment. The drift 
is less than .0002% per °C. 

$2.95 

$2.95 

$3.95 

gedee, TYPE 

AX3 

ern,. 
RANGE (kc) TOLERANCE (kc) PRICE 

24000-24333 
25000-25500! +5 $3.95 

Specially designed third overtone crystal 
produced for the Bliley CCO-2A oscilla-
tor. On crystals supplied to the tolerance 
above, the nameplate frequency is cali-
brated to ± .003% in factory test equip-

ment. The drift is lessahan .0002% per °C. 

'ede etestaid FOR 23 YEARS 
TOP AMATEUR CHOICE... 

ed.«, TYPE CCO-2A 
This famous packaged 

oscillator unit was de-
signed and engineered to 
utilize the many advan-
tages of crystal control 
on 2-6-10-11 meters. 
With the CCO-2A, out-
put is obtained directly 
on 6-10-11 meters; oper-
ation on 2 meters re-
quires only a tripler stage. 

Specified for 10 meters 
and 11 meters is the Bliley type AX2. For 6 meter 
operation, use Bliley type AX3. On 2 meters, select 
an AX3 crystal which will triple to the desireel trans-
mitting frequency. 

PRICE: $ 11.95 ( Less Tube and Crystal) 

9" 
'elite, TYPE MC9 

SPOT FREQUENCIES 

efift NET OPERATION 

RANGE (kcT TOLERANCE (kc) PRICE 
ANY SPECIFIED 
FREQUENCY 
RETWEEN 

3000- 10000 
+.03% $4.80 

On crystals supplied to the tolerance above, 
the nameplate frequency is calibrated to 
+ .002% in factory test equipment. The 
drift is less than .0002% per °C. 

_ 

You will find these famous Bliley amateur products 
described in Bulletin 44-A— now available at your 

favorite distributor of amateur equipment. 

UN:F.9N STATION BLDG., ERIE, PENNSYLVANIA 



PRODUCTS of the YEAR 
Radio Transmitter Model 5100 

• OUTPUT- 100 watts phone, 
125 watts CW. 

• OPERATION—VFO or 80 meter 
crystal. VFO Is built-in accu-
rately colibrated,highly stable. 

• COVERAGE-80-40-20-15-
11-10 Meter bands. 

• R-F AMPLIFIER—Pi- network 
tank circuit for matching im-
pedances from 40 to 125 ohms. 

• Television interference suppressed. 

This B&W transmitter has 
been designed for the most 
discriminating operator. It is 
built for consistent, depend-
able service, and a high qual-
ity signal output, be it tele-
phone or telegraph. Though 
highly compact, its layout is 
straight- forward with all 
components easily accessible. 
The heavy gauge steel cabinet 

is finished in a pleasing shade 
of blue-gray Hammertone. 
The richly finished front panel 
clearly indicates all switch 
and knob designations. 
Weighing only 83 lbs., 211/2 " 
wide x 151/4" high x 151/8" 
deep, this B&W Transmitter 
is an attractive piece of equip-
ment that will catch the eye 
of the most critical amateur. 

Grid Dip Meter 
This indispensable measuring 
instrument enables you to get 
the most out of your equip-
ment. Its amazing performance 
will save you time in initial 
transmitter tuning, neutralizing, 
antenna loading, and dozens of 
other jobs Extremely versatile, 
it can be used as a sensitive 
grid dip meter, a signal gener-
ator, an absorption wave meter, 
or as a signal monitor from 
1.75 to 280 mc. The calibrated 
color coded dial is divided in 
5 bands matching each of the 
5 coils supplied. 

1- KW Multi- Band Balun 
This deluxe unit provides selec-
tion of an appropriate Balun by 
the twist of a selector knob 
when the operator desires to 
change operation from one band 
to another. It may be used with 
any one of five separate half 
wave folded dipoles or any 
multi-band antenna system 
whose feedline reflects a con-
stant impedance of 300 ohms. 
Intended for indoor use, within 
easy reach from the operating 
position, its design provides for 
operation within the amateur 
bands 80-40-20-15 and 10 meters. 
Impedance characteristics are 
75 ohms unbalanced input to 
300 ohms balanced output. 

1- KW Single Band 
Beam Balun 

These 1-KW Baluns are ideal 
for use with beam antennas 
employing the popular "T" 
matchneng section. Available in 
models for either 20, 15. or 10 
meter operation, the input of 
each Balun is designed Sc match 
a 75 ohm unbalanced feed line 
system while the output, in a 
combinat:on connection with a 
"T" section, matches 100 ohms. 
The metal case is weatherproof 
and fitted with a coaxial input 
connector and ceramic fredthru 
output terminals. 

1- KW Single Band Balun 

These 1-KW Baluns are de. 
signed for half-wave folded di-
pole antennas. Input character-
istics are 75 ohms unbalanced 
to an output of 300 ohms bal-
anced. They are available in 
five models for operation at 
either 80-40-20-15 or 10 meters. 
Housed in sturdy, weatherproof 
Hammertone metal cases, all 
are equipped with coaxial input 
connectors and ceramic !red-
'In u output let ggg i gg a Is. 

R-F Power Meter 

This handy instrument is in-
dispensable for measuring the 
output power of transmitters, 
and as a dummy load in tune 
up procedures when no radia-
tion is desired. The large, fan. 
type, power output scale is in-
valuable for indicating the final 
performance of your equipment. 
Power rating is 125 watts inter-
mittent, 100 watts continuous. 
Max. SWR is 1.5:1. Models for 
52 or 75 ohm input impedance 
are available for 0 to 40 mc 
or 35 to 100 mc. 

TURN PAGE FOR MORE B&W DEPENDABLE PRODUCTS 
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Heavy 
Duty 

Butterfly 
Variable 

Capacitors 

Low 
Pass 

Filters 

Bases 
and 

Mounting 
Assemblies 

B & W heavy duty butterfly variable capac-
itors with coils integrally mounted pave 
the way for increased efficiency in single-
ended and push-pull circuits. Better L. C. 
ratios at high frequencies, with beam 
power tubes as well as a host of other 
desirable features, are a reality with these 
husky units. These include: compact as-
sembly, shorter tuned circuit leads, 
shorter R. F. paths and optional built-in 
neutralizing condensers. 

B&W Low Pass Filters are highly effec-
tive in attenuating harmonics causing 
TVI. Attenuation is 85db or more thru 
the TV band; insertion loss less than 
.25db thru the pass band to 30mc. They 
can easily handle more than 1 KW of r-f 
power. Consisting of four "K" sections 
plus two "M" derived end sections, these 
filters are constructed of heavy gauge 
copper, employ the highest grade elec-
trical Teflon insulation, in a compact, 
screw-assembled case. 

These accessories permit compact assem-
blies with companion units such as capac-
itors, jack bars, plug-in coils, and links. 
Two groups are available, one for open 
wire plug-in swinging links, and another 
for Faraday Shielded links. Assemblies 
include a jack bar, arm and hinge, link 
(open wire or shielded), and either a 
metal bottom plate or capacitor mount-
ing bracket. Individual parts may be 
purchased. 

Audio Oscillator Distortion Meter 
Freq. Range:30 to 30,000 cycles. 
Freq. Response: Better than ± 1 
DB. 30 to 15,000 cycles with 
500 ohm load. 

Stability: Better than I 5-o• 

Freq. Range: Fundamentals from 
30 to 15,000 cycles. Measures 
harmonics to 45,000 cycles. 

Sensitivity: .3 volts mini ni ti ni in-
put required. 

TEST 

Frequency Meter 
Freq. Range. 0 to 30,000 cycles. 
Sensitivity: 0.25 volts minimum 

input required. 
Wave Form: Any form with peak 

ratios less than 8:1. 

BARKER St WILLIAMSON INC. 



EQUIPMENT 
Having 25% of the frontal area of the 
Heavy Duty Type, these split-stator vari-
able capacitors are ideal for medium 
power triode or tetrode stage plate cir-
cuits and many other applications. Heavy 
rounded edge plates permit ratings up to 
2500 volts dc unmodulated and 1500 
volts dc in modulated final amplifier cir-
cuits. Design provides peak efficiency 
and more power in less space. 

This compact, versatile unit is in keeping 
with modern trends toward miniaturiza-
tion. Operated with either crystal or VFO, 
it serves as an exciter for a high powered 
rig or as a low powered transmitter with 
a full 30 watt of output on the amateur 
bands including 80- 40- 20- 15- 11 and 
10 meters. It avoids the most laborious 
and time consuming part of the job dur-
ing construction of a new transmitter. 

Provides an efficient watertight insulated 
connector for center-feed antenna sys-
tems using coaxial cable for feed lines. 

Light in weight, it will withstand pull-
ing strains up to 500 lbs. 

B & W Rotary Coils are available for all 
medium and high power requirements of 
pi-network, final circuits, and antenna 
coupling and loading units. 500-watt 
units are supplied with inductances of 1.6, 
6.2, 15, and 72 micro-henries, 1000-watt 
types with 60 or 96 micro-henries. 

Junior 
Butterfly 
Variable 

Capacitors 

504 
Multiplier 

CC 50 

Coaxial 
Connector 

Rotary 
Coils 

INSTRUMENTS 

Sine Wave Clipper 
Does the work of a squarc 
wave generator costing 
many times more. Speeds 
accurate circuit analysis. 

Linear Detector 
Provides R-F detection and 
audio bridging circuits. It 
is an invaluable accessory 
for distortion meters lack-
ing these features. 

(gre; Oege 

("deg 

,anliebiere 

'11‘TF* 

aanncded BA Lim INDUCTORSx ,t Match 7 5 ohm unhal-    . 
anced outputs to 75 

and loinhen[The7«. 
of these sturdy hifiwl•ior 
air-wound halun in 
ductors serve ; 
compact, highly as cien •   effi-
t muIn-hand  

to 10 " meters) unit (80 

tivaenrs 
mitters and rece for 

matching feed 
systems to both line r s. 

• 

WRITE FOR FREE CATALOG 
237 Fairfield Ave., Upper Darby, Pa. 



TRIODES 
2C39A 
3W5000A3 
3W5000F3 
3W10000A3 
3X2500A3 
3 X2500F3 
3X3000A1 
3X3000F1 
6C21 
25T 
35T 
35TG 
75TH 
75TL 
100TH 

TETRODES 
4-65A 
4-125A 
4-250A 
4-400A 
4.1000A 
4PR60A 

PENTODE 
4E27A/5-125B 

100TL 
152TH 
152TL 
250TH 
250TL 
304TH 
304TL 
450TH 
450TL 
592/3-200A3 
750TL 
10001 
15001 
2000T 

RECTIFIERS 
2-01C 
2-25A 
2-50A 
2-150D 
2-240A 
2-2000A 
KY21 A 

KLYSTRONS 
3K20,000LA 
3K20,000LF 
3K20,000LK 
3K50,000LA 
3K50,000LF 
3K50,000LK 

VACUUM 
SWITCH 
VS-2 
12V Coil 
24V Coil 

4W20000A 
4X150A 
4X150D 
4X150G 
4X500A 
4X500F 

RX21A 
2508 
253 
866A 
872A 
8020 1100R1 

follow the leader 

AIR SYSTEM SOCKETS 
4-400A/4000 4-1000A /4006* 
4-400A/4006* 4 X150A 4000 
4-1000A, '4000 4X150A4006. 

4X150A/4010 
*Replacement Chimneys 

ACCESSORIES 
HR Heat dissipating connectors 
Preformed Contact Finger Stock 

ION GAUGE 
100 IG gauge 

VARIABLE VACUUM VACUUM CAPACITORS 
CAPACITORS 

VVC60-20 
VVC2-60-20 
VVC4-60-20 

VC6-20 
VC6-32 
VC12-20 
VC12-32 

VC25-20 
VC25-32 
VC50-20 
VC50-32 

:a. 

2C39A 
This small, rugged triode is 
designed for use as a power 
amplifier, oscillator or fre-
quency multiplier to fre-
quencies above 2500 mc. It 
is particularly suitable for 
compact fixed or mobile 
equipment. 

4-125A 
The radial-beam power tet-
rode that made transmitting 
screen-grid tubes popular. 
This tube will take a plate 
input of 500 watts for CW 
or 380 watts for fone. Driv-
ing power is less than two 
watts. A pair of these tet-
rodes make an ideal high 
power fone or CW final for 
the amateur. 

4-250A 
A pair of these radial-beam 
power tetrodes will easily 
handle a kilowatt for fone. 
In CW service, one tube will 
take a kilowatt input. Driv-
ing power is only two to 
three watts per tube. As 
modulators a pair will de-
liver as much as 750 watts 
audio with simple resistance 
coupled driver stages. 

FINGER STOCK 
Preformed Contact Finger 
Stock is a useful electrical 
"weather strip" around ac-
cesses to equipment cabinets 
as well as providing good 
circuit continuity between 
adjustable components. It is 
ideally designed for making 
connections to coaxiallv con-
structed and external anode 
tubes. 

Export Agents: Frazar & Hansen, 301 Clay St., San Francisco 



to EIMAC TUBES! 
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4X150A 
This small external anode 
radial-beam power tetrode 
operates efficiently at all fre-
quencies into the UHF 
range with a driving power 
of only a few watts. Its small 
size and ruggedness make it 
ideal for compact equipment 
such as mobile. 

4E27A 
With simple circuits and 
less than two watts driving 
power this radial- beam 
power pentode gives de-
pendable operation and high 
output. It is capable of an 
easy 500 watts input in 
Class-C service — or when 
suppressor modulated will 
deliver 75 watts output at 
carrier conditions. 

250T 
A tried, proven and contin-
ually improved 250 watt tri-
ode. The ideal triode for one 
KW CW input. Will handle 
825 watts input on fone. 
With plate voltage as low as 
1500 volts in Class-B audio 
service a pair will modulate 
a KW RF stage. 

• Write for 28-page booklet, 
"Care and Feeding of Power 
Tetrodes." Available free upon 
request. 

4W20,000A 
In pulse service and TV op-
eration the Eimac 4W20,-
000A is the only time-proved 
tetrode in its power class. 
Its rugged construction in-
cludes a ceramic envelope 
that minimizes losses and 
increases operational life. 
In VHF-TV operation, it 
gives 25kw peak sync power 
output with only 500 watts 
drive. 

101 

KLYSTRONS 
Eimac six kilowatt kly-
strons, 3K20,000L (A,F,K), 
and 15 kilowatt klystrons, 
3K50,000L ( A,F,K), are 
outstanding for high power 
CW and TV at UHF. Only 
three tubes of either series 
are required to span the 
entire UHF-TV spectrum. 
Externally tuned circuitry 
and ceramic envelopes are 
among other features. 

VVC60-20 
This is but one type in the 
Eimac line of variable and 
fixed vacuum capacitors 
for plate tank circuits. It is 
variable over a range of 10 
mmfd to 60 mmfd. Maxi-
mum rf voltage is 20 kv 
at 40 amperes. 

Eimac maintains an Amateurs' Service Bureau for 
amateur radio operators. Free information may be 
obtained by writing. Available for engineering con-
sultation and information is the Eimac Application 
Engineering department. 

EITEL - McCULLOUGH, INC. 
CAM IDDIIMA A IIICAINMII A 



ES I CO 
INDUSTRIAL SOLDERING IRONS 

are the result of 25 years of specializing in the manufacture of high quality electric soldering irons and they are used 
today in a great majority of the country's electrical, radio and electronic plants. 

No. 61 

A lightweight (21/2  ounce), low cost unit for pin- point accuracy in the most delicate soldering operations. Element construction is of same 
type used in ESICO industrial irons. Handle temperature is never higher than body temperature. Diameter of handle 3/4 ". Tips available 
in 3 shapes: type B--- 1/4 " dia., pyramid point, type A-1/2 " dia., straight pencil point; type C-1/2 " dia., bent 90 degrees, with pencillike 
point. Regularly wound to 25 watts at 105-120 volts. May be obtained in higher wattages at no extra cost when purchased in quantities. 
Iron, as illustrated, is 1/2  actual size. 

No. 61A 

The ,irS1A iron is very similar to the 461 except that the case enclosing the element is slightly longer. Where an iron which can be held as 
a pencil is required, it is possible to have this iron in wattages as high as 75 watts for fast soldering of moderate size parts. The iron, as 
illustrated, is V2 actual size. 

No. 62B   

This iron is available in 100 watts for either 105/120 volts or 220/240 volts. It is intended for 100 watt capacity work, but where o 
small diameter case is required in order to get to the connections to be soldered. The iron is extremely light, and due to special construc-
tion has an extremely low handle temperature. Iron, as illustrated, is Vs actual size. 

This is the iron that is so widely used in the large radio plants and, in many instances, k used in a 150 watt capacity, though the standard 
wattage of the iron is 100 wafts. It is recommended that 150 worts be used only where there is fairly continuous soldering. The iron is of 
a type in which the element can be easily replaced by loosening a knurled nut at the back of the case, and after lead wires are 
loosened, by pulling out the old element and inserting the new one in a few minutes. The iron is ruggedly constructed and requires a 
minimum of attention and is completely serviceable within ones own plant. This iron is fast becoming the most popular iron in use in the 
electronic industry. The iron, as illustrated, is V3 actual size. 

Temperature Control Stand 
A practical, time and money saving device which accurately regulates and maintains soldering iron temperature between jobs. Lengthens 
iron life by reducing tip oxidation and amalgamation of tip with solder which increases with over-heating. When placed on stand, iron 
rests in a copper cradle which conducts heat of iron and actuates a bimetal to open or close a switch. Temperature is easily regulated by 
an adjusting slide at bottom of stand. As iron is removed from stand, full current is instantly supplied. Stem rest is adjustable to accom-
modate various lengths of irons. Stand is a heavy gray iron casting—stays firmly fixed without being fastened. 

Solder Pots 
Designed to meet rigorous pro-
duction requirements, ESICO 
solder pots are made from 
high quality gray iron castings. 
They are fitted with heater 
plate type elements which can 
be easily and quickly replaced. 
Elements wound from highest 
quality nickel chrome resistance 
wire, Elements of the three pots 
ore interchangeable for 
greater economy and flexi-
bility. 

ELECTRIC SOLDERING IRON CO., INC., Deep River, Conn., U.S.A. 

102 



HARVEY 
ALWAYS HAS IT...IN STOCK 

For IMMEDIATE DELIVERY 

-s-

FILAMENT TRANSFORMERS 
Primary: 115/230 volts, 50, 60 cycles. 

Chicago filament transformers are rated to 
provide voltages and currents for heating a 
wide range of receiving and transmitting 
tubes. All units are S-type mountings (see il-
lustration above). Those with secondaries 
rated at less than 6 amps. have solder-lug ter-
minals, those over 6 amps. have screw-type 
terminals. Units marked * have ceramic-
insulated secondary terminals, especially 
suited for high voltage rectifier supply. 

Catalog 
No. 

Secondary Insulation Net 
Volts Amps. Volts RMS Price 

F-25 2.5 CT 5.25 3500 $ 6.33 
F-210* 2.5 CT 10. 5000 9.09 
f-21011' 2.5 CT 10. 9000 10.65 
f-21511' 2.5 CT 15. 9000 12.75 

F-54 5.0 CT 4.0 2500 6.51 
F-58 5.0 CT 10 2500 8.70 
F-510H• 5.0 CT 10. 10000 13.50 
F-516 5.0 CT 20. 2500 13.11 
F-5201113• 5.0 CT 20. 10000 16.95 
F-530 5.0 CT 30 2500 16.95 

F-615 6.3 CT ' 1.5 2500 i 3.75 
F-63 6.3 CT 3. 2500 5.25 
F-65 6.3 CT 5.5 2500 7.65 
F-610 6.3 CT 10. 2500 9.78 

F-75 7.5 CT 5.0 2500 7.35 
F-712 7 5 CT 12. 2500 12.75 
F 725 7.5 CT 25 2500 16.95 

F 104 10. CT 4.0 2500 7.80 
F 106 10. CT 6.5 2500 10.77 
F-1010 10. CT 10 2500 12.75 

F-1110 11. CT 10. 2500 12.30 

Anywhere in TheWorld 
ORDER BY MAIL 

DIRECT FROM HARVEY 

Write for full details 

and accessory lists to: 

NOTE: in view of the rapidly changing 
market conditions, all prices shown are 
subject to change without notice and are 
Net, F. O. D., New York City. 

Designed for Modern 

Circuit Applications: 

Amateur Communications, 

Broadcast, TV, & Audio 

PLATE TRANSFORMERS 
Primary: 1 15/230 volts, 50/60 cycles. 

Chicago plate transformers, as well as the filter reactors, are con-
servatively designed. They are amply insulated, and built to with-
stand the most rugged service. Temperature rise is very moderate 
under both CCS and ICAS conditions. 

Secondary 
Catalog Max. Pri. A-C Load D-C Volts D-C Ma. Mtg. 

No. VA Volts after filter CCS ICAS Type 

P-45 185 675-0-675 
575-0-575 

400 
500 250 325 S S 14.10 

P-67 250 900-0-900 
735-0-735 

750 
600 250 325 S 16.80 

P-107 310 1150-0-1150 
870-0-870 

1000 
750 250 350 FS 41.70 

P-1240 360 1425-0-1425' 1250 150 200 
600-0-600 400 200 260 S 23.70 

P-1512 550 1710-0-1710 1500 
1430-0-1430 1250 300 425 FS 47.70 

P-2520 915 2820 0-2820 2500 
2260-0-22W 2000 300 425 FS 71.70 

P-2126 1600 2900-0 2900 2600 
2320 0-2320 2100 500 700 FS 89.70 

P-3025 1850 3450-0-3450 3000 
2850 0 2850 2500 500 700 FS 119.70 

P-4353 3050 4600-0-4600 4000 
4050-0-4050 3500 
3400-0-3400 3000 600 800 FS 161.70 

'Both secondaries may be rectified simultaneously 

Net 
Price 

FILTER REACTORS 

Catalog 
No. 

D-C 
ind.ictance Max. Resistance, Insulation Mtg. Net 
in Henries D-C Ma. Ohms Volts RMS Type Price 

R-67 6 700 35 10,000 FS $33.90 

R-105 10 500 40 9,000 FS 34.50 

R-65 6 500 35 9,000 FS 27.48 

R-103 10 300 40 7,500 SX 16.95 

R-63 6 300 35 7,500 SX 14.34 

Write or FREE CATALOG Contains full details on Chicago equipment line 
with complete design data to fit today's circuits 

Harvey RADIO CO., INC. 
103 W. 43rd St., New York 36, N.Y.•111dson 2-1500 
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HARVEY AUTHORIZED 
DISTRIBUTORS 

RCA Tubes and Harvey Service... 

For Double Dependability! 

HARVEY's line of RCA tubes is so complete, that HARVEY 

can fill virtually any requirement ... right from stock ... and 

deliver at almost a moment's notice. 

This is particularly important to AM, FM, and TV Broad-

casters, Industrial and Commercial users, Amateurs, and 

Service-Technicians, all of whom depend on tubes for sus-

tained operation of important electronic equipment. 

Write, Wire, or Phone, 
for 

Prompt Harvey Service. 



4...that's why 
NOVICES, 

AMATEURS, 

ENGINEERS, 

and 

EXPERIMENTERS 

icross the Nation 

RELY UPON 

HARVEY 
fer all their 

ELECTRONIC and 

COMMUNICATION 

REQUIREMENTS! 

JUdson 2 1500 

Because Harvey's stocks are so large and so 
complete, almost anything you can name in 
electronics, can be shipped within min-
utes of your letter, wire, or phone call. 
And you can depend upon Harvey that 
what you receive is exactly as ordered, and 
that it will function and perform to your 
complete satisfaction. 

Harvey has been the reliable headquarters 
for hams, experimenters, professionals, com-
mercial and industrial engineers for over 
25 years. And the experience gained over 
these years is always at work for you. Six 
active amateurs are in Harvey's employ, plus 
a staff of well informed, trained experts 
who stand ready to assist you in the selec-
tion of parts and equipment, and in trouble-

shooting your problems. Every possible 
field is covered, including radio commu-
nications and broadcasting, TV, audio, 
recording, and industrial electronics. 

Remember, you are always welcome at 
Harvey's. So, when in New York, make it 
a point to come in and say, " Hello". 

Harvey is Always at your Service 

AUTHORIZED DISTRIBUTORS OF 

RECEIVING AND 

NON-RECEIVING TUBES 

BATTERIES • TEST EQUIPMENT 

TELEVISION COMPONENTS 

SERVICE PARTS 

• • • and all the products of all the 

famous names in radio and electronics 

Free RCA HAM TIPS 

03 West 43rd St., New York 36, N. Y.  

There's a free 

Copy of RCA 
HAM TIPS 

waiting for you 

ed Harvey Radio 
If you can't call " 

personally, write. 
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PULSESCOPE° 
The Oscilloscope that portrays the Pulse by 

Cal*, Excexilz& et, Pittei5Lon 1/1 

Investigations of complex waves take great strides forward when either a Waterman SAR or LAB PULSESCOPE is employed 

Their compactness, portability and precision have established a new high in pulse measurement instruments for all electronic 

work. Each PULSESCOPE has internally generated markers which are synchronized with the sweep with the basic difference tha 

the sweep in the LAB PULSESCOPE initiates the markers while in the SAR PULSESCOPE it is the crystal controlled markers whicF 

initiate the sweep. Power supply requirements of 50 to 1000 c.p.s. at 115 Volts permits operation almost anywhere. 

The SAR PUIRESCOPE, model S-4-A, is characterized by 
a pulse rise time of 0.035 microseconds thru a video amplifier 
with a sensitivity of 0.5 Volts p to p/ineh. A vertical delay 
of 0.55 microseconds is optional. A and S sweeps covering 
a continuous range from 1.2 to 12,000 microseconds are 
augmented by R sweeps, which in turn are variable from 
2.4 to 24 microseconds. A directly calibrated dial permits 
R sweep delay readings from 3 to 10,000 microseconds. 

The LAB PULSESCOPE, model S-5-A, has equivalent ris( 
time of 0.035 microseconds, a fixed 0.55 microseconds vertica 
delay and 0.1 Volts p to p/inch sensitivity, so arranged eu 
to assure portrayal of leading edges on displayed signals 
A precision calibrated voltage is provided as well as at 
optional sweep expansion of 10 to 1. A built-in triggei 
generator voltage is available for synchronizing any as.so 
ciated test equipment. 

WATERMAN RAYONIC„„ CATHODE RAY TUBE DEVELOPMENTS 

Since the introduction of the Waterman RAYONIC 3MPI for miniaturized oscilloscopes, 

scientists in our laboratories have diligently searched for more perfect answers to present day 

cathode ray tube problems. Such research led to the introduction of the revolutionary new 

3SP and 3XP type cathode ray tubes. These tubes were designed with multi-trace oscilloscopy 

in mind. Every avenue of practical design was explored to produce tubes with bright, sharp 

traces and high deflection sensitivity at medium anode potentials. 

TUBE PHYSICAL DATA TYPICAL VOLTAGES 

DEFLECTION 
FACTOR WIN. MAX. VOLTS 

Face Length Base Anode = 3 Anode = 2 Anode = 1 Grid = 1 DI to D2 D3 to D4 Anode Tr 3 Anode = 2 

3JP 3 inch 
Round 

10 inches 

Medium 
Diheptol 

12 Pin 

3000 1500 300 to 515 —22.5 to —67.5 127 to 173 94 to 128 
4000 . 2000 

4000 2000 400 to 690 —30 to-90 170 to 230 125 to 170 

3MP 3 inch 
Round 

8 inches 

Smell 
Duodecol 
12 Pin 

1000 200 to 350 0 to — 68 140 to 190 130 to 180 
2500 

2000 400 to 700 0 to — 126 280 to 380 260 to 360 

3SP 11/2 x3 
inches 

9.12 inches 

Small 
Duodecal 
12 Pin 

1000 165 to 310 —28.5 to —67.5 73 to 99 52 to 70 
2750 

2000 330 to 620 —58 to — 135 146 to 198 104 to 140 

3XP 
11/2 a3 
inches 

8.88 inches Leda! 2000 400 to 690 —22.5 to —67.5 68 to 92 25 to 35 2750 

Write for your complimentary subscription of "POCKETSCOOP" • OFFICIAL WATERMAN PUBLICATION 
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POCKETSCOPE 
The Pocket Oscilloscope by 

The HIGH. WIDE and TWIN POCK VTISCOPES have 
become th, "' triple thrmt- of the oscilloscope industry. 
Their small size, light weight and incredible performance, 

has skyrocketed this team of truly portable instruments 
into unparalleled prominence. Each oscilloscope fe:1 tires 1/17 
coupled amplifiers in both its vertical and horizontA char-
nels. The HIGH GAIN, S- 11-A POCKETSCOPE. has •t 
vertical sensitivity of 10 millivolts rois! nub. and a frug tu•ncy 
response within —2 db from DC to 200 KC. while the \V ii IE 
BAND S- 14- II POCKETSCOPE is characterized by fre-
quency response within —2 db from DC to 700 KC : old a 

sensitivity of 50 millivolts rms/inch. 

The I N DUST R AI. POCKETSLOPF. 
model S- it - A. has bectsne Ameri(a s 

most popular DC couplui oscilloscupi. 
because of its small size. light weight. 

and unique flexibility. This compact 
instrument has identical vertical and 
horizoinal amplifiers mitich permit tile 
observation of low frequency repetitive 
phenonalia. st hile simultaneously 
flaring undesirable trace bounce. Each 

amplifier sensiti‘ity is 0.1 Volt rms/inch. 
The frequency responses are likewise 

identical. within —2 db from DC to 

200 KC. 

Discover h ir yourself the amazing utility 
of this tiny work- horse of industrial 

electronic ,.. 

POCKETSCOPE 

S - 11- A 

The TWIN P(CKETSCOPE is essentially two HIGH 
GAIN I't )( II< ETSCOPES with individut,l cathode ray tubes, 
amplifiers, controls, but a cionmon sweep gem.ratiir. All 
these are endowed with mar y identical characterist ics. Their 
sweep generators can be onerit ,d t is triggered or repetitive 
over a frequency range from ,15 cycles to 50 KC, with 
synchronization polarity opt loot, t. Return traces are blanked 
and provisions are made for modulating the intensity in 
each cathode ray tube. 

Laboratory onalit y has not been sacrificed in order to 
accomplish port tituilitv and ruggedness. Investigate the many 
advantages of Waterman POCK ETSCOPES. 

RAKSCOPE, 

- 1 2 - B 

The RAKSCOPE is a rack 
mounted. tit,N ized version cf the famous 

Waterin.MS- l - A POCKETSCOPE. with 
le addition of a triggered sweep and a 

,pecial calibrating circu;t for rapid 
frequency comparisons. The entire 

oscilloscope is built to occupy bur seven 
litchis cv .'cen mounted in a standard 

relay rack. 

Because poivisions are made for apply-
ing input signals from tin, rear, as well 
as the front. the S- 12- Ii is the ideal 
combination. systems monitor and 
trouble- shooting oscilloscope. Investi -
care the :nultiple applica:ions of this 
Hparument as an integral part of your 

rack ;manned apparatus. 

WATERMAN PRODUCTS CO., INC. 
PHILADELPHIA 25, PENNA., U. S. A. 

CABLE ADDRESS, POKETSCOPE, PHILA. 

Manufacturers of POCKETSCOPES .• • RAKSCOPES I, • PULSESCOPES r and RAYONIC TUBES .: 
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SATISFIED USERS PRAISE 

AMECO METHODS: 

"Recessed your code course a week 
ago and can copy It) W.P.M. al-
ready with ea.e. Since becoming 
handicapped I loare found a ire-
endous satisfitclien trill, your 

method of :doubting rode. It's the 
beat. bar none!" 

— A.M. Carter, Pelham, Ga. 

'Passed Ike FCC tesi today! I'm 
!ickled pink — thanks to the 
AMECO Code and Theory 
method!" 

—Joyce Edelson, K2CFF, 
Lawrence, N.Y. 

' Learned your Nettie', l'ode Course 
record lime! Necee thought Code 

sod Theory could be ax thorough 48 
¡our AMECO method! I'm more 
han pleased with my progress and 
Dieted I,, f miller myself it, this 
ield!” 

— K.A. Yingling,WN3VDM, 
Waynesboro, Po. 

'flare learned the Jr. Course in 
tmazing time! It's t errific! .4 m firm, 
eady for the Sr,  

—P. Signorelli, KNRCHR, 
Sharman Oaks, Calif. 

78 RPM 

RECORDS 

Simplified, easy- to-learn AMECO methods have 
enabled thousands to PASS COMMERCIAL 
AND AMATEUR CODE EXAMS and AMATEUR 
THEORY EXAMS for their FCC license. Many 
have been helped to enjoy a career in commu-
nications. 

AM ECO courses are the result of years of thorough prvi 
aration by leading experts. Thanks to their "know-hou 
you can now learn Code and Theory as you never thought 
possible. Challenge our courses with any other . . . you'll pay less for the best! 

4 AMECO Courses Available:   
No. 1— Novice Code Course. You 

get and keep 10 recordings ( alpha-

bet through 8 W.P.M.) on 78 

R.P.M. records. Includes typical 

FCC type code exams. Free in-

struction book on learning how to 

send and receive code the sim-

plest, fastest way; plus charts to 

check your receiving accuracy; 

plus an album; all for the low 
price of only  $7.95 

No. 3— Complete Radio Theory 

Course. A complete, simplified 
home study theory course in radio 
covering the Novice, Technician, 

Conditional and General classes — 
all under one cover— with nearly 

four hundred typical FCC type 

questions to prepare you for li-

cense exam. No technical back-

ground required. You also get, 
FREE, one year of consultation and 
a guide to setting up your own 

Ham station. All for the amazing 

low price of  $6.95 

No. 2— Senior Code Course. You 

get and keep everything given in 

the Novice Course except that you 

get 22 recordings(alphabetthrough 

18 W.P.M.), plus typical FCC type 

code exams for General class and 

2nd class commercial telegraph 

licenses. All this for only.. $ 12.95 

No. 4—Advanced Code Course. 

Prepares Novice operators for the 
amateur general class and second 

class commercial license tests. 

Contains 12 recordings ( 8 through 

18 W.P.M.) PLUS the complete 

code book— PLUS typical FCC code 

examinations for general and com-
mercial tests. ALL for only.. $6.95 

"RADIO AMATEUR QUESTION & ANSWER LICENSE GUIDE" 

A " must - for anyone preparing given on FCC exams. 

for the Novice. Technician. Condi- And . . . there are two typical FCC 
tional or General Class exams. This 

type 
power-packed book contains ap-proximately pe exams that can be used as ex-
proximately 200 questions and 
answers — mostly of the multiple 
choice t ype — similar to the ones 

AMERICAN 
ELECTRONICS CO. 

cellent checks before taking the actual 
exam. Aside from these typical exams. 
the rest of the questions are grouped 
according to subject matter. making 

study easier. This book is worth many, 
many times its low price of 50é 

FREE LITERATURE AVAILABLE 

Sold at leading distributTs 
everywhere or write to 

1205 Bryant Ave., New York 59, N.Y. 
For Export: Inquire Dept. H 



Amateur ... Novice ... School Instructor.. Andustrial Engineer 

Yes, that's what they all say about the new 

Walter Ashe Catalog ... source book and buy-
ing reference for everything in Radio, Television 
and Electronic equipment, including items appear-

ing in the ARRL Handbook. 

What's more, our central location assures fast 

Try us and see for yourself. 

deh 
RADIO CO. 

112 5 PINE ST. • ST. LOUIS 1, MO. 

INDUSTRIES 

delivery. You get what you want, when you want 

it and at the right price. Add to this our long 

experience, competent personnel and reputation 

for service and satisfaction and you have a 

combination that we honestly believe you won't 

find duplicated elsewhere. 

---FREE CATALOG! Send for your copy today.”., 
WALTER ASHE RADIO COMPANY RAH- 54 
1125 Pine St., St. Louis 1, Missouri 

Send new FREE 1 954 Catalog. 

Nome 

Address  

City  Zone State 
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Cat. No. 
RT-411 

RT-412 

ER-213 SERIES 

...... 

ER-223 SERIES 

TYPE "A" KNOCKDOWN TYPE 
STANDARD RACKS 

All racks are constructed from 1/16" furniture steel. 
Panel mounting angles are 7/64" thick steel with holes 
tapped 10/32 thread on universal reruns. Removable 
dome are a new formed design, with smooth edges, 
equipped with sturdy automobile type handles. 

Series ER-223 racks have quick fingen i p detachable 
corner trims. These racks are available for assembly in 
"rows" or "gangs". When so ordered, intermediate 
sides and connecting front trim strips are supplied at 
same unit cost. 

Finish: Slate grey ripple enamel is standard. Black 
ripple enamel is optional if specified in your order. 

Series 
ER-213 
ER-213 
ER-2I3 
ER-223 
ER-223 
ER-223 

Overall Dimensions Panel 
. . 

ER-213 42 x22x164" 
ER-215 66qx22x164" 
ER-217 82..0(22x164" 
ER-223 43 tz x22x18" 
ER-225 6714 ‘221(18" 
ER-227 83 , x22xI8" 

pace 
36, 519" 
61 ,, x19" 
77 s19" 
36'. s19" 
61. x19" 
77 z19" 

Net 
Price 
$32.70 
48.60 
58.50 
46.50 
57.00 
69.00 

F-6618 SERIES 

P-3618 SERIES P-6918 SERIES 

TYPE "C" COMPLETELY ASSEMBLED 
STANDARD RACKS 18" and 24" Deep 

Entire cabinet is welded to, r into one integral unit: substantially con 
structed from furniture steel s, 1111 panel mounting angles of 3/16" thick steel. 
Mounting holes drilled and tapped 12/24 t hread on molt nth- 1 ' 3"/ 4" slsring> 
Doors are of a new design stamped from one piece of steel into a rigid unit, 

with smooth double thick edges and st roily automobile type handles. 
Duplex receptacle, outlet box and opening is pros ided at bottom for leads. 

and conduit on all racks. Quick detachable corner trims fastened with finite, 
type ' captive screws." 

Series P-3618 may be set up in "gangs" or "rows"; suitable front con 
fleeting strips will be supplied il so specified on your ord... 

Series F-6618 are equipped with front and rear doors: panel mounrine 
angles are adjustable and may be positioned at any distance from front or 
rear doors. No corner trims are required. 
Finish: " P" denotes black ripple. and " PG" denotes slate grey ripple for all 
Type "C" Racks. 

ROLLER TRUCKS FOR RACKS 
These trucks are designed 
for use with the racks shown 
above. Overall size is about 
.3" wider than racks for bet-
ter distribution ot weight. 
Has rubber composition 
wheels. Finished in slate 
grey ripple with chrome 
trim. 

Use with Rack Numbers 
ER-213, ER-215, ER-2I7 

ER-223, ER-225, ER-227, 
F-6618. F-8318, P & PG-
3618. P & PG-6618, P & 
PG-8318 

RT-4I8 P & PG-6918, P & PG-7818. 
P & PG-8518 

ET-424 P & PG-6924. P & PG-7824. 
P & PG-8524 

Series 
P-36I8 
P-3618 
P-3618 
P-69I8 
P-6918 
P-6918 
P-6918 
P-6918 
P-6918 

F-6618 F-6618 
F-6618 F-8318 

Cat. No. 
P, PC-3618 
P, PC-6618 
P. PC-8318 
P, PC-6918 
P, PC-7818 
P.PG-8518 
P. PC-6924 
P,PG-7824 
P. PC-8524 

Overall Dimensions 
L. W. D. 

427,0(22 xI8" 
67.0.22 x18" 
83'1x22 x18" 
69'0(23'ix1855" 
78' '0(23'41E18 4" 
850(23'0(184" 
69,¡x23'5 x24" 
78.'0(2310(24" 
85,ix23'f. x24" 

67.ex22 x18" 
8.31•6x22 x18" 

Inside Net 
Clearance Price 
22'.1.10(17t.," $10.20 

22.0(1/0..," 11.40 

23 T.ix19" 12.75 

2374 x25" 13.80 

Panel Spare 
36 -409" 
61' ( e19" 
77 x19" 
61', x19" 
70 x19" 
77 x19" 
61 , s19" 
70 x19" 
77 x19" 

Net 
Price 
60.00 
78.00 
99.00 
94.50 

103.50 
117.00 
111.00 
123.00 
135.00 

61...-1x19" 105.00 
77 x19" 129.00 

CHANNEL RELAY RACKS 
(For Standard 19" Rock Panels) 

Theme racks are ideal for use on all tyl,es of Pubfic 
Address Systems, and all transmitters of Connnercial 
or Amateur types. Made from 7/64" pressed steel wit h 
tapped 10/.32 holes for standard panels. Two vertical 
members and top cross-brace are rigidly welded to-
gether into one unit; bolts supplied to assemble bot-
tom and braces. Finished in black ripple enamel. 

Overall Dimensions 
Cat. No. L. W. D. 

RR-193 38, s20u18'4" 
RR-I95 

Panel 
Space 

Net 
Price 

36', s19" $17.40 
7P4 x19" 20.70 

PAR-METAL PRODUCTS CORPORATION 
32-62-49th STREET ... LONG ISLAND CITY 3, N. Y. 

Export Dept.: 
13 East 40 Street 
New York 16 
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CABINViSiNeELCSHASSIS 

DESK PANEL CABINET RACKS 
(For Standard 19" Rock Panels) 

21 1/2 " Long x 15" Deep 

Streamlined design. Vertical 
front corners are rounded and 
trimmed with mouldings. Panels 
fit into recess, and mounting 
holes are chilled for all our 
panels. Holes tapped 10/12, and 
can be used with any chassis up 

ss to 13" x 17". Finished in black 
ripple enamel. 

Overall Height 
Cat. No. With Door in Top Only Panel Space Net Price 
DL-128 104" 8," $12.00 
DL-I210 12.," 10'.," 13.50 
DL-1225 14" 12'," 14.55 
DL-1413 15'..," 14" 16.20 

With Door in Top and Door on Rear Panel 
DL-1713 19.," 17 ' t" 19.20 
DL-2613 28" 26.," 22.50 
DL-3513 3V.," 35" 24.90 

Cat. No. 
CA-300 
CA-301 
CA-302 
CA-303 
CA-304 

Cat. No. 
CA-200 
CA-201 
CA-202 
CA-203 
CA-204 

Cat. No. 
SF-500 
SF-501 
SF-502 
SF-503 
SF-504 

HINGED STEEL CABINETS 
(Deluxe Type) 

Has rounded front corners. New 
type formed top door hinged at 
back with large opening for full 
access to interior. Chrome fin-
ished mouldings, modern handle 
at top and bottom opening at 
rear for leads. Finished in grey 
ripple enamel. Prices do not 
include chassis. 

Overall Dimensions 
H. L. D. For Chassis Net Pries 
941244 8" 74 9x2" $ 5.40 
9x16 14,r 8" 7x13x2" 6.30 

101,17 S,9 x11" 10x14x3" 9.30 
10x204x 9" 8x17x3" 9.30 
13x2059x12" 10x17x3" 10.20 

HINGED STEEL CABINETS 
(Rounded Corner Type) 

Excellent for monitors, oscilla 
tors. etc. These cabinets are 
similar in design to Del.uxe 
type with hinges at back for full 
access to interior. Rear opening 
allows for necessary leads. etc. 
Slate grey ripple finish. Prices 
do not include chassis. 

Overall Dimensions 
H. L. D. 
85414104x 8" 
III.4x125,1x 8" 
inix1641, 
919:1711‘11" 
12 1,0(201602" 

For Chassis 
74 742" 
7x 942" 
7x13x2" 
10‘14x3" 
10x17x3" 

Net Price 
$3.60 
3.90 
5.07 
7.89 
9.30 

SLOPING FRONT 
CABINETS 

Adaptable as instrument cases for 
studios, laboratories, etc. Top 
corner rounded and trimmed with 
chrome moulding. Slate grey ripple 
finish. A chassis may be mounted 
to front panel, and removed as a 
unit. Rear of case ventilated. with 
openings for connections. Prices 
do not include chassis. 

Overall Dimensions 
H. L. D. 
8s 8x 8" 
Ilx10x 8" 
8x14x 8" 
9:18x 8" 
12x18x12" 

For Chassis 
7x 7x2" 
7s 9x2" 
7x13x2" 
7x17x3" 

102,17x3" 

Net Pries 
$3.84 
4.26 
4.59 
6.60 
8.40 

TABLE TYPE RELAY RACKS 
These racks are designed for table mount-
ing, in place of heavy duty floor units. 
Constructed in one piece with mounting 
holes drilled on universal centers. Finished 
in black ripple and shipped "knocked-
clown." to fit 19" wide rack panels. 

Panel Net 
Cat. No. H. W. D. Space Price 
TR-2520 25" 21" 12" 21x19" $6.60 
TR-3220 32" 21" 12" 28x 19" 8.25 

19" WIDE BLANK RACK PANELS 
(W' Steel or Aluminum) 

These panels have the standard 11." x 
spaced slotted holes. Al um panels can 
also be supplied 3/16" thick at an addi-
tional cost of 60%. Finish is black ripple 
or slate grey ripple enamel. 

Steel Heights ALUMINUM 

Cat. Cat. Cat. Cat. 
No. No. Net Steel or No. No. Net 
Black Grey Price Alum. Black Grey Price 
6600 G-6600 $ .66 I ', ' 6675 G-6675 $ .75 
6601 G-6601 .75 3le 6676 G-6676 1.08 
6602 G-6602 .93 5 ', " 6677 G-6677 1.59 
6603 G-6603 1.08 7" 6678 G-6678 1.92 
6604 G-6604 1.32 8'," 6679 G-6679 2.31 
6605 G-6605 1.59 101.5" 6680 G-6680 2.91 
6606 G-6606 1.89 12'," 6681 G-6681 3.39 
6607 G-6607 2.16 14" 6682 G-6682 3.90 
6608 G-6608 2.46 1St.," 6683 G-6683 4.35 
6609 G-6609 2.70 17 11" 6684 G-6684 4.190 
6610 G-6610 3.00 I9'," 6685 G-6685 5.25 
6611 G-6611 3.30 21" 6686 G-6686 5.70 

STANDARD DESK PANELS 
Tables are rigidly macle of 1 / 16" thick 
steel, and are securely mounted to regular 
9.8" steel panels, which are 10h" x 19", 
All tables arc, 22" wide. 

Black Enamel 
Cat. Net 
No. Depth Price 

BT-2220 20" 31 3. 80 
BT-2216 16" 13.50 

Gee‘ E'.." ,e1 
Cat. Net 
No. Depth Price 

GT-2220 20" $15.90 
GT-2216 16" 14.40 

DOOR PANELS 
(Grille or Solid) 

Grille Type Illustrated 

These panels have flush hinged doors 
which are equipped with piano hinges, 
knob and concealed catch. All doors start 
1" from top to allow space for chassis at 
bottom. Regular chassis brackets may be 
used. Finish: P - Black Ripple or G - 
Grey Ripple. 

SOLID 

Cat. Net 
No. Price 

P,G-670 $4.20 
P,G-67I 4.50 
P,G-672 4.95 

GRILLE SOLID or GRILLE 
Panel Door 
Sise Sise 
tP," 419x1514" 
104" 6 x15.." 
12'," 711x1518" 

Cat. 
No. 

P,G-680 
PC-681 
P,G-682 

Net 
Price 
85.40 
5.85 
6.45 

BLANK STEEL CHASSIS BASES 
These bases are stamped from one 
piece of cold rolled steel. Ilas 4 solid 
sides with welded cormiers. Bottom 
edges are flanged in on 4 sidec to pro-
vide additional reinformment,ancl are 
drilled for bottom Plates. 

Chassis are macle from No. 20 gauge steel except marked 
(•) which are stamped from 1/16" steel. 

Cat. Cat. 
No. No. 
Black Zinc Net 
Ripple Plated Sise Price 
B-4500 C-4500 5 1219 ' trl ,1" $0.78 

507 Ix 7.2" .70 
B-4508 C-4508 51:1013" 1.08 
8-4509 C-4509 641983" 1.24 
B-4510 C-4510 lx 7.2" .90 
B-45II C-4511 7x 9x2" 1.08 
11-4512 C-4512 7111x2" 1.11 
13.4513 C-4513 7‘13:2" 1.20 
11-4514 C-4514 7:15.3" 1.44 
8-4518 C-4518 4•17x3" I 29 
8-4515 C-4515 7.17.3" 1.56 
B-4502 C-4502 8:12x3" 1.11 
8-4531 C-4531 11‘1712" 1.44 
8-4532 C-4531 8:170" 1.56 

Cat. Cat. 
No. No. 

Black Zinc 
Ripple Plated 
9-4525 C-4525 
11-4524 C-4524 
8-4528 C-4528 
8-4529 C-4529 
B-4526 C-4526 
B-4527 C-4527 
13-4533. C-4533. 
Et-4534. C-4534. 
13-4516 C-4516 
5-4517 C-4517 
B-4530 C-4530 
B. 4535. C-453.5. 
B-4536. C-4536. 
B-4537. C-4537. 

Net 
Size Price 

1041243" 51.50 
1041943" 1.59 
10417 2" 1.59 
1041744" 2.04 
1041783" 1.65 
1042343" 2.04 
1111782" 2.25 
11:1743" 2.46 
12x1712" 1.71 
12:17‘3" 2.04 
12:17x4" 2.25 
1341742" 2.96 
1341743" 2.85 
1341749" 3.25 

PAR-METAL PRODUCTS CORPORATION 
-62-49.11 STREET . . . LONG  ISLAND CITY 3, N. Y. 

Export Dept.: 

13 East 40 Street 
New York 16 

111 



0 0 0 0 
0 0 Ca . 
000 

ooOOO 

TVI Suppressed 100 Wafter — Model HT20 
Here's the transmitter you've been waiting 
for! Continuous coverage from 1.7 Mc to 
30 Mc. Full band switching, no more plug-
in coils; choice of 10 crystals. Shielded, fil-
tered r-f compartments plus low-pass 52 
ohm co-axial line output filter assures at 
least 90 db suppression of all harmonics 
above 40 Mc. Only $449.50 

Get in touch with 

' Uncle Dave, W2APF 

I 
for 

hallirrafters 

IModel S-40B Covers Broadcast Band 
540-1700 kc and three short-wave bands. 
1.7-43 Mc. One r-f, two i-f stages. Electri-
cal bandspread tuning. Switches for auto-
matic noise limiter, code reception and 
three- position tone control. CW pitch 
control. Built-in PM speaker. 115 V, A.C. 
Only $129.95 

Matched Speaker, Model R46—The perfect 
speaker for SW. Includes transformer of 
500/600-ohm input. Voice coil impedance 
3.2 ohms. 10" cone. Black finish. 15" x 107/8" 
X 107/8" deep. Only $24.95 

* He can help you pick the right gear. On the air for over a quarter of a century Is your guarantee that Uncle 
Dave knows the Ham and his needs from a practical standpoint, 



Sooner or later 

you'll want 

amateur radio equipment 
KW-1 TRANSMITTER—This kilowatt rig operates on 
phone or CW in the 160, 80, 40, 20, 15, 11, and 10 meter 
bands but tunes as easily as a 32V-3. Just pick your band, 
set the built-in VFO to the desired spo -, and adjust the 
final amplifier for 1000 watts input. That's all there is to 
it! The KW-1 design reduces spurious radiation to a very 
low value, particularly at television frequencies. 

KW-1 Transmitter. Net Domestic Price . $3,850.00 

35C-2 LOW-PASS RF FILTER — Although designed as an 
accessory for the 32V-3 and as standard equipment in the 
KW- 1, coaxial fittings make the 35C-2 readily adaptable 
to any amateur transmitter having 52 ohm output. It has an 
insertion loss of only 0.25 db at frequencies below 30 mc, 
but its three individually shielded filter sections provide 
about 75 db attenuation at television frequencies. 

35C-2 Low-Pass RF Filter. Net Domestic Price.. $40.00 

75A-3 RECEIVER— The 75A-3 is a double con-
version superheterodyne designed for top per-
formance in the 160, 80, 40, 20, 15, 11, and 10 meter 
amateur bands. A crystal controlled high frequency 
oscillator and highly stable low frequency VFO 
permit accurate calibrarion of two kilocycles per 
dial division on 10 ond 11 meters and one kilocycle 
per dial division on all other bands. The Collins 
mechanical filter gives the 75A-3 the most nearly 
optimum selectivity ever achieved in a communica-
tions receiver. 

75A-3 Receiver (includes 3 kc Mechanical 
Filter). Net Domestic Price  $530.00 

RADIO DISTRIBUTING COMPANY904 BROADWAY ALBANY, N. . 

TELEPHONE ALBANY 5-1594 
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WHY THE EXCITEMENT 
ABOUT SINGLE SIDEBAND? 

by Bill Cummings, W1RMG 

When I heard the first stories about 
Single Sideband transmission, I found 
it hard to believe the "miracle" prom-
ises. Imagine 10 watts on SSB per. 
forming better than 1 KW on regular 
AM! 
The stories seemed to be backed by 

good authority, so we decided to go 
into it all the way here at Dale. Dur-
ing years of working the Ham circuit, 
I've tried all the new gimmicks, so I 
don't startle easily . . . but SSB gave 
me the same kind of excitement I 
experienced when I first became a 
Ham. Here's an example of what 
happened: 
On one occasion, I caught a signal 

from a KW transmitter in New Mex-
ico on AM. He said he would switch 
right over to SSB on his 10-watter 
using the same antenna. There was a 
sharp improvement in readability, 
and I copied him with the greatest 
ease. I've worked the whole route 
from the WI's through the WO's with 
my own 10-watter. 
Amazing? No, it's just SSB. The 

only amazing thing about it is you can 
buy that kind of performance for a 
small fraction of the price of AM 
gear. 

Actually, no AM set can "match" 
the job SSB does in cutting through 
QRM in the noisy 75 meter band. SSB 
takes less space on the spectrum, 
knifes through sharply, and permits 
higher selectivity in your receiver. 
The Dale ad adjoining this column 
tells you more about specific advan-
tages and the best kind of equipment 
for SSB operation. 

If you'd like to check those big 
claims for SSB, how about a simple 
test? Write me and we'll arrange a 
schedule so you can hear for yourself. 
I'll send you tuning instructions too. 
Send along any questions — I'll be 
glad to answer them. Just drop me a 
note c/o Dale Electronic Distributors 
Inc. in New Haven. 

Write to Bill Cummings at Dale for 
trade-in allowances and easy terms. 

SELECTIVITY 

6 db — 10 kc 
6 db — 5 kc 
6 db — 2.5 kc 
6 db — 1.25 kc 
6 db — 500 cps 
6 db — 250 cps 

DALE fakes 
hallicrafters NEW! 

MODEL SX-88 RECEIVER 

$499.95 
Hallicrafters' finest receiver for amateur use, with highest degree 
of usable selectivity. Full coverage in six bands, from 535 kc to 
33.3 Mc. Double conversion superhet over entire frequency range. 
Two tuned r-f stages on bands 2-6, one on broadcast. IF's 2075 
kc and 50 kc ( bands 1-6), 1550 kc and 50 kc ( band 2). AM, CW, 
SSSC signals. Sensitivity on bands 1-6: 1 microvolt for % w 
output. 1 microvolt for 10 db signal-to-noise ratio. Band 6: 10 
microvolts for 1,4 w output. Image rejection not less than 80 db 
on frequencies lower than 20 Mc and not less than 60 db from 
20-30 Mc. Seventeen tubes plus voltage regulator, ballast tube, 
and rectifier. 

10 kc 
5 kc 

2.5 kc 
1.25 kc 
.500 kc 
.250 kc 

hallicrafters 

$249.95 
MODEL SX-71 RECEIVER 

560-1600 kc broadcast plus 
four bands covering 1650 kc — 
34 Mc and 46-56 Mc. Inter-
mediate bands 1 and 2: 455 
kc; bands 3, 4, 5: 2075 Mc and 
455 kc. Double conversion 
superhet circuit. Eleven tubes 
plus rectifier and regulator. 

60 db — 30 kt 
60 db — 15 kc 
60 db — 7.5 kc 
60 db — 3.75 kc 
60 db — 1.50 kc 
50 db — 850 cps 

MODEL S-7 6 RECEIVER 

$199.95 

Standard broadcast plus three 
bands covering 1720 kc.— 34 Mc. 
Double conversion superhet over 
entire range. Intermediate fre-
quencies: 1650 kc and 50 kc. Nine 
tubes plus rectifier and voltage 
regulator. 

1: ( Broad) 

3: 

4. 

5: ( Sharp) 

SELECTIVITY 

6 db-5 kc 60 db-15 kc 

6 db-3 kc 60 db-12 kc 

6 db-2 kc 60 db-10 kc 

6 db-1.3 be 60 db- 7 be 

6 db- 5 kc 60 db- 5 kc 

DALE ELECTRONIC DISTRIBUTORS INC. • 150JAMES STREET 



lad well tingle tideland! 
Advantages of Single Sideband Transmission 
Here are some reasons why SSB offers an exciting new kind 
of performance at a fraction of AM cost: 

1. With Single Sideband, your final amplifier tubes can pro-

vide a 9 db gain, or a power increase of 8 times over 

conventional double sideband AM. 

2. Your final amplifier delivers TALK POWER, not wasteful 
carrier. 

3. No high power modulator and modulator power supply 
required. 

4. The newer selective receivers and receiving adapters will 
pass only one sideband — in this case half of your sideband 
power is wasted with double sideband. 

5. SSB eliminates the heterodyning carriers that plague the over-
crowded phone bands. 

6. Less spectrum space occupied by phone signals using SSB. 

7. Take full advantage of SSB technique by switching sidebands 
to avoid QRM. 

8. Round-table operation of two independent QS0s on the same 
suppressed carrier frequency using opposite sidebands. 

9. Distortion due to selective fading eliminated. 

10. Harmonic TVI virtually eliminated through the use of linear 
amplifiers. 

COLLINS 

MODEL 75A-3 RECEIVER 
with built-in mechanical filter 

The nearly flat top and sharp cutoff at the sides of the selectivity curve 
of the 3 kc Mechanical Filter permit all AM signals to be tuned so a-
to accept the carrier and either one of the sidebands at will, while 
other sideband is rejected. 

Alternatively, both AM and SSSC signals may be received with 
carrier supplied by the IWO; and the ideal selectivity curve of the 
Mechanical Filter permits full advantage to be taken of the benefits 
of local carrier reinsertion. 

75A-3 receiver 

Matching speaker   
32V3 transmitter   

KW- 1 transmitter   

70E8A-VFO 
35C2 lo- pass filter   

$ 530.00 
20.00 

775.00 

3,850.00 
97.50 

40.00 

COLLINS MECHANICAL FILTERS 

F-455B-31 3.1 KC plug in   55.00 
F-455B-08 800 cycle plug in   55.00 

F-455A-31 3.1 KC solder term   55.00 

F-455A-08 800 cycle solder term   55.00 

CENTRAL ELECTRONICS 

• 
$249.50 

MODEL 20A MULTIPHASE SSB EXCITER 
Also rack-mounted in grey or black 57.50 additional 

20 peak watts output — SSB, AM, I'M, CW. 
Bandswitched 160-10 meters. Magic eye carrier 
null and modulation peak indicator. New! Car-
rier level control: Separate knob inserts any 
amount of carrier withimt disturbing carrier 
suppression adjustments. New! Calibrate cir-
cuit: Simply talk yourself exactly on frequency 
as you set \TO. New! Calibrate level control: 
Adjusts signal strength to suit hand conditions. 
New! Phone patch input jack: Inserting phone 
plug disconnects speaker. PLUS all the time-
proven feautres of popular Model 10A. 

Available soon! Model V-10 all-band VEO for 
model 10k 20A, or your present rig. 

MODEL 10A 

MU LTIPHASE 

EXCITER 

$159.50 

10 watts peak output — SSB. AM, PM, CW. Multiband 
oper ation 10-160 meters. Reduced harmonic TV!. Voice 
operated break-in. CW break-in. Switchable single side• 
band, with a- without carrier. Double sideband AM. Narrow 
band phase modulation. 

SIDEBAND 

SLICER 
EXALTED 

LOWER 
SIDEBAND 

CARRIER 
UPPER 
SIDE BAND 

.10De 

-5 KC 0 .1 'SIC 

WITH SIDE BAND SLICER 

An adapter that will improve any receiver. Utilizes the 
phase shift principle to provide selectable single sideband 
reception of SSB, AM, PM and CW signals. Reduces the 
unwanted sideband an average of 40 db, a power ratio of 
10,000 -- 1, or approximately 6 to 8 S•units on the average 
receiver. Improves SSB and CW reception, since the noise 
bandwidth is cut in half. May be used to check the side-
band rejection of SSB signals. Simple connection to any 
receiver. 

DALE 
NEW HAVEN, CONN. • SPruce 7-5555 

ELECTRONIC 

DISTRIBUTORS 



by every test 

AUTO RADIO VIBRATORS 
qeac.e eer„,„tec .Seere4 SAcieeta 

A COMPLETE LINE OF VIBRATORS 
Designed for Use in Standard Vibrator-
Operated Auto Radio Receivers. Built 

with Precision Construction, featur-
ing Ceramic Stack Spacers for 
Longer Lasting Life. Backed by 

more  n thVainb 22 years of experience 
irator Design, ment, Develop-

and Manufacturing. 
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8-111 Leo I. Meyerson, VVOGFC2 
U C.U. on 10-20-40 & 75 Meters 

RI 7.6e 'lee AloPa 404 
GLOBE SCOUT 

Pay Only 10% Cash Down 
18 Months to Pay on Major Equipment 
Now it is easier than ever to buy from WRL. Pay as little as 10% 
down and the balance in 18 months. No red tape — we handle our 
own financing. We will give you a generous trade-in allowance on 
your present equipment. We have over 600 reconditioned used items 
— with new factory guarantee. Send for free list. You will profit 
most when you deal with WRL — THE WORLD'S MOST PER-
SONALIZED RADIO SUPPLY HOUSE and THE WORLD'S 
LARGEST DISTRIBUTOR OF AMATEUR RADIO TRANSMIT-
TING EQUIPMENT. 

I. " It Is A Pleasure To Do 
• Business With WRL" 

Dear Leo: 
I placed my Globe King in operation several 

months ago lard om MORE than pleased with the 
results. For rugged dependability, on outstanding 
signal, and watt-per-dollar value, I do not believe 
it can be beat. Although I live, literally, in a 
forest of TV antennas, I have never received 
a complaint. 

GEORGE FAIRBANKS, WIFWX 
Seymour, Connecticut 

III NEW TVI MODEL 400 c 
▪ GLOBE KING XMTR 

TVI SCREENED CABINET NOW 
STANDARD EQUIPMENT 

$5150 $495;00  

Cash Down $51 5.00 
WIRED 

12 Monthly Payments of $40,95 
III Monthly Payments of $28.07 

Complete Band Switching 

(50 Wan: CW-40 Watts Phone) 

$1 do% cash 
‘110 • down 

12 monthly payments of $ 8.95 

KIT FORM WIRED 

$89.95 $99.95 

LATEST TRIUMPH OF THE WRL ENGINEERING STAFF 
Complete bandswitching 160 thru 10M transmitter with II 
combination pi- network antenna tuner which will work 
into any antenna. Three- stage modulator allows 100% II 
modulation of final. Has complete power supply. XMTR 
housed in new special grey 

TVI screened cabinet. Ideal 
XMTR for the novice or ex-
perienced ham. 

RADIO 
C R2EF5E7E MAP 

HANDY 
wALL 

SIZI 

' t World Radio Laboratories, Inc. 
744 West Broadway 
Council Bluffs, Iowa 
Please send me 

El New Log Book 25c 
J Free Catalog 

Rodio Moo 25e 

W•ITI IDA DETAILED SPIC/fICATION EQUIPMENT SMITE 

WRITE 

WIRE 

I/ 
LABORATORIES 

PHONE 
2-0277 

COUNCIL BLUFFS 

IOWA 

SEND 
TODAYI 

ri 
p Globe Scout Info 11 

Globe King Info 
Globe Champion Info 

E Used Equipment Lilt 

Nome  

Address  

City  State 

Ma MIMI 1111" III MI III 
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"EL" XENON GAS-FILLED TUBES 

RECTIFIERS 

FULL WAVE RECTIFIER FULL WAVE RECTIFIER FULL WAVE RECTIFIER 
EL IC EL 3 C EL 6C 

D.C. Output (Amps.)  1.0 D.C. Output (Amps.) .. 2.5 D.C. Output (Amps.) .. 6.4 
Peak Anode Current  4.0 Peak Anode Current .. 10.0 Peak Anode Current .. 25.6 
Peak Inverse Volts  725 Peak Inverse Volts .... 725 Peak Inverse Volts .... 725 
Filament Volts   2.5 Filament Volts   2.5 Filament Volts   2.5 
Filament Amperes   6.0 Filament Amperes   11.5 Filament Amperes   17.0 
Overall Length  51/2 " Overall Length   7" Overall Length  1½" 

HALF WAVE RECTIFIER 
EL 68 A EL 6F 

D.C. Output (Amps.)  6.4 
Peak Anode Current  40.0 
Peak Inverse Volts  920 
Filament Volts   2.5 
Filament Amperes   21 
Overall Length (6B)   9" 
Overall Length (6F)  81/4 " 

(Panel Mounting) 

GRID CONTROL RECTIFIERS ,e-\ 

(THYRATRONS) 

EL UK 
D.C. Output (Amps.)  1.0 
Peak Anode Current  8.0 
Peak Forward Volts  1000 
Peak Inverse Volts  1250 
Filament Volts   2.5 
Filament Amperes   6.3 
Overall Length  41/4 " 

EL (WA 
D.C. Output (Amps.)  1.0 
Peak Anode Current  8.0 
Peak Forward Volts  750 
Peak Inverse Volts  1250 
Filament Volts   2.5 
Filament Amperes   6.3 
Overall Length  41/2 " 

EL C3.1 
D.C. Output (Amps.)  2.5 
Peak Anode Current  30.0 
Peak Forward Volts  750 
Peak Inverse Volts  1250 
Filament Volts   2.5 
Filament Amperes   9.0 
Overall Length   61/8" 

EL C31/1t 
D.C. Output (Amps.)  2.5 
Peak Anode Current  30.0 
Peak Forward Volts  1000 
Peak Inverse Volts  1250 
Filament Volts   2.5 
Filament Amperes   9.0 
Overall Length   61/8" 

ENGINEERING MANUAL & 

CATALOG WILL BE SENT AT 

YOUR REQUEST 
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EL C61 
D.C. Output (Amps.)  6.4 
Peak Anode Current  77.0 
Peak Forward Volts  750 
Peak Inverse Volts  1250 
Filament Volts   2.5 
Filament Amperes   21.0 
Overall Length   9" 

EL C61/6 
D.C. Output (Amps.)  6.4 
Peak Anode Current  77.0 
Peak Forward Volts  1000 
Peak Inverse Volts  1250 
Filament Volts   2.5 
Filament Amperes   21.0 
Overall Length   9" 

EL ( I61 
D.C. Output (Amps.)  16.0 
Peak Anode Current 160.0 
Peak Forward Volts  1000 
Peak Inverse Volts  1250 
Filament Volts   2.5 
Filament Amperes   31.0 
Overall Length   10" 

(Panel Mounting) 

HALF WAVE RECTIFIER 
EL 16F 

D.C. Output (Amps.)  16.0 
Peak Anode Current  96.0 
Peak Inverse Volts  620 
Filament Volts   2.5 
Filament Amperes   36 
Overall Length   155/a" 

(Panel Mounting) 

EL C6C 
D.C. Output (Amps.)  6.4 
Peak Anode Current  77.0 
Peak Forward Volts  2000 
Peak Inverse Volts  4000 
Filament Volts   2.5 
Filament Amperes   24.0 
Overall Length   11" 



meo LAMPKIN METERS 
are the PERFECT PAIR for 
Mobile- Service Measurements 
• LOWEST COST . . . for multiple channels. No additional 

crystals needed for added frequencies. 

• VERSATILE . . . measure unlimited number of channels. 

• PORTABLE . . . weigh less than 1 4 pounds apiece. 

• LAMPKIN REPUTATION ... over 60% of sales are 
repeat orders . . . satisfaction guaranteed or your 

money refunded. 

LAMPKIN 105-B MICROMETER 

FREQUENCY METER 
LAMPKIN 205 FM MODULATION 

METER 

FREQUENCY RANGE—continuous 25 mc. to 200 

mc. No coils to change. Rough and vernier tuning 

control. MEETS FCC SPECS— reads peak voice 

deviation directly, 0-25 kc., positive or negative. 

No charts or tables. ACCURATE—within 10` -) at 

full scale. FIELD STRENGTH METER— reads relative 

transmitter output. PROTECTED— Panel compo-

nents recessed behind edges of the case. PORTABLE 

—just a 2-finger load. 

Lampkin meters are used by many municipalities ... including New York, Chicago, 
and Los Angeles— by agencies of 37 states— by the service organizations of most 
two-way radio manufacturers— and by hundreds of independent mobile-service 
engineers. They are guaranteed to please you, too, or your money will be refunded. 

For price and complete technical information, mail coupon today! 

-.....;;;0 011111011beridit 

FREQUENCY RANGE—continuous 100 kc. to 175 
mc. No extra crystals needed. MEETS FCC SPECS 
—Accuracy guaranteed better than 0.0025%. 
CALIBRATION—Calibration Table for each meter. 
Charts show percentage transmitter off frequency 
from FCC assignment. DIAL- 4" circular dial with 
8000 dial divisions spread over 42 feet. TEM-
PERATURE COMPENSATION—crystal thermometer 

on panel, automatically indicates dial checkpoint 
for any temperature. SIGNAL GENERATOR— 
highly accurate CW source for mobile- receiver 
final alignment. 

LAMPKIN 
LABORATORIES 

INC. 

Bradenton, Florida 

Measurements Division 

LAMPKIN LABORATORIES, INC. 

Bradenton, Florida 

With no obligation to me, please send informatioi and prices on Lampkin 

meters. 

Name  

Address  

City Zone State  
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WEI) X control console 

engineered for instantaneous 
clockwise and counter• 
clockwise action, has 
unique fingertip action 
control which operates with 
convenient downward 
pressure. The clear, 
easy- to- read dial 
features a logging 
scale for easier 
repeat positioning. 

THE NEW 

VEE-DiX 
antenna 
rotator 

This rugged, precision- built VEE-D-X Antenna 

Rotator is a "must" for successfully Working All 

States. The directional beams necessary for DX 

work and for penetrating QRM are effective 

only with a good antenna rotator. And 

discriminating " hams" insist on the best —VEE-D-X. 

Carefully engineered for the greatest strength, 

this modern rotator will easily support several 

stacked VHF direction beams. Its axial mast 

design is ideal for either horizontal or vertical 

polarized antenna mounting. Compact, 

efficient gearing and full 365 degree traverse 

assure razor-sharp accuracy in plotting 

radiation patterns of an antenna. 

Write today for complete literature on the VEE.D.X 
Antenna Rotator and Control Console, 

PRODUCT OF THE RESEARCH AND DEVELOPMENT LABORATORIES OFZ7)1Plidtere ELECTRONICS INC, ROCKVILLE, CONN. 

.40teitho.".4*...ex ,le“11W, tl.' ,I.e../feeettl,41021M111111ffl 

Design Engineers! 

Printed Circuits 
Reduce Costs and bulk 

Circuitron Inc. — specialists in the manufacture 

of the finest printed circuits — offers you the 
advantages of competent engineering . . . 

advanced manufacturing methods . . . and extensive, 

new production facilities. Engineers, consult 

Circuitron today! 

1,1111,1117/771 
LIIL MC. 

ROCKVILLE, CONNECTICUT 

A subsidiary of LaPointe Electronics Inc. 

'20 



( —) 1 RA 0/0 CORP. 
NEW YORK'S LEADING 

Elect ionic 
SUPPLY HOUSE 

FOR 

INDUSTRY 
LABORATORY 
AMATEUR 

AND 

SERVICEMEN 

AUDIO EQUIPMENT 

TEST EQUIPMENT 

COMMUNICATIONS 
EQUIPMENT 

RADIO & TV 
COMPONENTS 

CONDENSERS 

RESISTORS 

TRANSFORMERS 

RADIATION PARTS 
& INSTRUMENTS 

10015 • BOOKS 

ACCESSORIES 



"HAMS" in Industry and in the Shack... 

eerdee 
P9_21101701'7-ON 

ELECTRONIC TEST INSTRUMENTS... because... 

. . . they recognize that there is no compromise, no guesswork, behind the design 

and workmanship of a " PRECISION"-built instrument.. , 

. .. they have seen the " insides" of the equipment, which reveals the infinite and 

painstaking care given to " Precision Individualized Production" . 

... they have learned, over the past twenty years — in the shack, on the pro-

duction line, at the service bench — that they can always look to " PRECISION" 

Test Equipment, as the standard of performance, accuracy and value. 

SERIES EV-20 

True Zero- Center VTVM 
and Multi-Range Test Set 

with Direct Peak Reading 
High-Frequency Scales 

Ranges to: 
1200 V., 2000 Megs., 12 Amps , 63 DB 

Net Price  $69.75 
R F - 10A H Freq. Probe ( Accessory) 

Net Price   $ 14.40 

( PRECISION 

I Yel/Laertigq laa3, 

ITJ 

SERIES E-200C 

A modern, multi-band 

SIGNAL and MARKER GENERATOR 
for AM. FM. and TV Receiver Alignment 
Direct Reading from 88 KC. to 240 MC. 

Net Price $78.50 

PRECISION 
TEST EQUIPMENT 

SERIES 40 
Compact, Wide- Range 

AC-DC CIRCUIT TESTER 
1000 .12 V. Sensitivity 

31 Self- Contained Ranges to: 
6000 V.,600 MA.,5Megs., 70 DB 

Ideal general-purpose, compact 
Test Set 33/4" x 614" x 

Net Price $26.95 

SERIES 85 

Laboratory Type 

AC-DC CIRCUIT TESTER 
(20,0009/V. DC) 

34 Self-Contained Ranges to: 
6000 V., 60 Megs., 12 Amps., + 70 DB 
A wide range. high-sensitivity, 
Test Set, engineered for modern 
electronic circuit maintenance... 
Size   51/2" x 71/4 " x 3" 

Net Price $39.95 

SERIES ES-500A 

High Sensitivity, Wide-Range 

5" OSCILLOSCOPE 
Push-Pull V. and H. Amplifiers 
Net Price $173.70 

SERIES SP-5 — TEST PROBE SET 
Engineered for use with ES- 500A. 

Net Price $23.50 

PRECISION APPARATUS CO., INC. 
92-27 Horace Harding Boulevard, Elmhurst 11 New York 

Export Division: 458 Broadway, New York 13, U.S.A. • Cables—Morhanex 
In Canada: Atlas Radio Corp., Ltd.. 560 Kin Street, W., Toronto 28 



NOVICE YOU NEED THIS 
AMATEUR 
ENGINEER 

Write today for your FREE copy 

of this great new book that 

gives you complete details, pic-

tures, and lowest prices on: 

Amateur Radio 
Antennas 
Audio Amplifiers 
Audio Furniture 
Batteries 
Books 
Capacitors 
Chassis, Racks, 

and Panels 
Chokes 
Clips 
Connectors 
Counter tubes 
Crystals 
Dials and Knobs 
Electric Tools 
Fuses 
Hand Tools 
Headphones 
Hi-Fi Speakers 
Inductances 
Insulation 
Insulators 
Intercoms 
Loud Speakers 
Microphones 
Music Systems 
Noise Filters 
P. A Equipment 

Phono Needles 
Phono Pickups 
Pilot Lights 
Plugs and Jacks 
Power Supplies 
Radio Hardware 
Radio Sets 
Radio Tuners 
Receiving Tubes 
Record Changers 
Rectifiers 
Relays 
Resistors 
Sockets 
Soldering Equipment 
Special-purpose Tubes 
Switches 
Tape, Wire, Discs 
Tape Recorders 
Telegraph Keys 
Terminals 
Test Equipment 
Transformers 
Turntables 
TV Replacements 
TV sets 
Vibrators 
Voltage Controls 
Wire 

EASY TIME- PAY TERMS! 

RADIO SHACK 
CORPORATION 

167 Washington St., Boston 8, Mass. 

224- PAGE 
NEW, 1954 
RADIO SHACK 
MAIL 
ORDER 

Please send me your new catalog Na. f 4-AH 

Name   

Street  Zone  

City  State  
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CUSTOM MADE 
TECHNICAL CERAMICS 

FOR ELECTRONIC AND ELECTRICAL USES 

SOLD ONLY TO MANUFACTURERS 

AMERICAN LAVA 
CORPORATION 

124 Chattanooga 5, Tennessee 

4 

THE BEST IN 

INSULATION 

52ND YEAR OF CERAMIC LEADERSHIP 



Ifoe 
AS THEIR SOURCE OF SUPPLY 

For Complete Stocks of the Finest Amateur, High 
Fidelity and Industrial Equipment 

ik4He'S e 
allicraiters 
AS THEIR CHOICE 

for Outstanding Com-
munications Equipment 

NEW 5X-88 

Finest amateur romniunications re«.«.i.er ever built Iry 
Ilallierafters. Highest cleurre of ble aria Me ,electi, tv 

e iiiii menially available. Covers :137i ke t.. 33.3 in  0 
bands. Calibrated electrical band-spread. Built-in I00 Lc 
crystal nia u.u. r provides marker signals. The Cursi I i" is 
1550 ke oil band 2. and 2075 Lc on all other band-. Sec I 
converter is crystal controlled. Sc I I F Le. 
111"(1 has buffer amplifier for greater st•Wili , • I l•.> di Le IF outieut jack via cathode follower for inlet pe erier, 
oscilloscope, ele. IF selectivity variable f  10 Le to 
0.25 kr at —6 «lb. Antenna impedance: 52-600 ohms. Has 
antenna peaking control. Audio output rated at 10 watts. 

In Stock for Immediate Delivery 
NEW DELUXE MODEL SX-73 ALL WAVE RECEIVER 

98F019 Less speaker. %X t. 75 His Net 975.00 
98F002 Model Il -46. 10 speaker for above. 

t. 30 Ms Net 24.95 

MODEL S-76 DUAL-CONVERSION RECEIVER 
98F001 1.ess speaker. Wt. 40  Net 199.95 
98F002 Model It-40. 10' speaker for above. 

I. 30 lb, Net 24.95 

MODEL S-408 RECEIVER (540 kc to 43 mc) 
98F003 Sligig. Wt. 33 Ilo.   Net 129.95 

MODEL S-77A AC-DC RECEIVER 
98F004 Slipg, 14 t. 33 Ilis   Net 129.95 

MODEL S-38C LOW COST ALL WAVE RECEIVER 
98F005 Shpu. V, t. It his.  Net 59.95 

HALLICRAFTERS HIGH FIDELITY EQUIPMENT 

MODEL ST-83 AM-FM TUNER 
98F020 Sling. Wt. 18 lb-.  Net 129.95 

MODEL A-84 AMPLIFIER 
98F021 Slung. Wt. 20 III Net 99.50 

Order from Department HB-4 
Prices subject to change 

-1",13 -- Include shipping charges and insurance 

Sued ilet NEW ... FREE 
CATALOG No. 56 

Latest Releases in Amateur, 

High Fidelity,TV and Indus-

trial Equipment. 

DUAL CONVERSION RECEIVER 

Output inipenla ores for 'pea ker or line, 3.2/8/500-600 
ohms. Audio 20 to I0,0110 eyries. Harmonic this-
torti iiii is held in, ION sa log, by an inverse feed-back cir-
cuit. Ill  • aged meter calibrated in units and 
microvolts. l'or 105-125v. 50 • 0); eye. AC. 1'rovi •  fur 
situerai i iiii on external power supply or batteries. Less 
imeaLer. At t rartive rabinet measures 20x10%x181e. 
Standard 8 &ix I9' s.anel may be used for rack mounting. 
Site. u. t. I1II,:. 
98F025. NET 
Model R-46. 11 au speaker for above. 
98F002. NET 

..... • 

 499.95 
 24.95 

HT-20 TRANSAIITTER 
flandswitehing trau.naatier that tico•hcellt .• I. 

I" interference Cuter-4 I .1.0-10 meter,. 1 15 power output 100 wafts: • watts. / sen 
• 
e‘riter and rinitiiiirousquieing final amplifier. Control 
leads filtered ' boron hly. tank. eirenit is fol-
lowed by 4-sertion Ge.w.lia.s filter: dial and Meier 

are rot reed with metal screening to eliminate sporions 
radiati .... . 10-posi . i .... seleinier switch has additional 

. i .... for external FO. Single under with seleetor 
switch cheeks all stages and ..... ides. Oil iput 

ration. huilt-in GM er for cooling. Size: 20' 11 4N 
16•14-.. For 105420 volts. 50-60 eyries AC. 11 t.. lt.s. 
911F022. Ives... 449.50 

EWARK 
ELECTRIC COMPANY 

223 W. Madison Street • Chicago 6, Illinois, 
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* HAM GEAR and Supplies. 

* SOUND STUDIOS. See! 

H"the ham's favorite supplier"... I 

Hear! Compare! The world's 
finest High•Fidelity and 
Audio Equipment. 

Visit our High- Fidelity and P.A. 
Sound Studios when in 
New York! 

the 

u son 
RADIO /1. TELEVISION CORP. 

.. Standard Radio, TV, 
Electronic and Sound Equipment! 

* SUPER-MARKET. Serve Yourself and Save! Thousands 
of Bargains in Standard and Surplus Radio, TV and 
Electronic Items. 

* COMPLETE STOCKS of ALL Standard Electronic Equip-
ment for AMATEUR and INDUSTRY 

* HAM COUNSEL. Beib Gun 
derson, W2J10, and other 
hams on our staff will be 
happy to help you w:th your 
problems. 

* PROMPT DELIVERY 

* LOWEST PRICES 

GREAT NEW 1954 

FREE CATALOG 
N 

, - 

Hudson -„,„; 

tp) 

• ; 

tr;:l 

WNW w II re. 
TOP 

Everything in Electronics at your 
fingertips in this greatest of all Hudson 
Catalogs. Over 1000 pages of the lat-
est in Radio, TV and Industrial Elec-
tronics, High Fidelity and PA Sound 
Equipment PLUS JAN Type Electronic 
Components. 

Engineers, Purchasing Managers, Qual-
ified Executives . . . You NEED our 
Great New Catalog in your daily work— 
send in your request today, on your 
company letterhead, for your FREE 
COPY. Dept. AR-4 

HAMS! HOBBYISTS! EXPERIMENTERS! 
Keep up with the newest and best in Ham Gear, Elec-
tronic Equipment and Accessories. Send card with 
YOUR NAME and ADDRESS to receive latest HUDSON 
releases: Bargain Supplements, Special Offerings — a 
GOLDMINE of Money-Saving Values for YOU! Dept. AR-4 

.r ' • 

o o\s\ 

HEADQUARTERS 
for RCA 

Complete Stocks of RCA Tubes, Batteries. Parts, Test 
Equipment ... Always On Hand for Prompt Delivery! 

de 

e 

1111 AUTHORIZED FACTORY DISTRIBUTORS 

RADIO EL 

son 
TELEVISION CORP. 

ELECTRONIC 8. SOUND EQUIPMENT 

48 WEST 48th ST. 
New York 36, N Y 

Circle 6-4060 

212 FULTON ST. 
New York 7, N Y 

li 

NEWARK BRANCH 
Pee 0A, e,tedt 

35 William Street 
Newark 2, N. .1. 

MArket 4-511 
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.EADING DISTRIBUTORS CARRY A COMPLETE STOCK 
OF ALL ERIE ELECTRONIC COMPONENTS 

ERIE DISC and PLATE CERAMICONS 

TX.002 

STYLE 
8 811 12 

STYLE STYLE 
TD2A TS2 A 

ERIE PRINTED CIRCUITS 

ERIE UNIVERSAL 
20 KV CERAMICONS 

ERIE BUTTON ® 
SILVER MICA CAPACITORS 

STYLE 
557 

STYLE 532 

STYLE STYLE 
CB FA 

ELECTRONIC 
COMPONENTS 

ERIE STAND-OFF CERAMICONS 

STYLE STYLE 
323 324 

STYLE STYLE STYLE STYLE 
325 326 2322 2336 

STYLE 
413 

413-206-2 

413-204 413.205 413-206-1 

ERIE FEED-THRU 
CERAMICONS 

STYLE " STYLE 
362 327 

ERIE DIODE FILTERS 
1403-01 1403-02 1403-03 

ERIE TRIODE PLATE COUPLERS 
1404-01 1404-02 1406-01 1406-02 

ERIE VERTICAL INTEGRATOR 
1405-01 

ERIE PENTODE PLATE COUPLERS 
1407-01 1407-02 1407-03 

ERIE AUDIO OUTPUT CIRCUITS 
1408-01 1408-02 

ERIE CERAMICONS ® 

STYLE K 

ERIE SWITCHES 

STYLE 3612-01 

RESISTOR CORP. 

STYLE 338 

ERIE Hi-STAB DEPOSITED 
CARBON RESISTORS 

STYLE 155 

ELECTRONICS DISTRIBUTOR DIVISION 

ERIE RESISTOR CORPORATION 
M•Pr 

Morn Office, ERIE, PA. 
Factories ERIE, PA. • LONDON, ENGLAND • TORONTO, CANADA 



for Amateur, Commercial and Military Uses 

TRYLON BEAM ROTATOR': A heavy-duty rotator that easily 

handles single- or two- band arrays weighing up to 200 pounds. 
Accommodates two coax, ribbon, or open-wire lines, without switchilg, 

through separate low-leakage couplings. Continuous, reversible rota-
tion at 1/4  RPM. Heavy-duty 1/25 h.p. motor, geared 2400 to 1, 

produces o torque of 500 inch- pounds—snore than enough to turn a 
heavily ice-laden beam. Hardened worm and spur gears positively 

lock array in any position and prevent backlash during high winds. 
Cross-ribbed chassis of aluminum alloy supports motor and gear train 

in permanently aligned Oilite bearings. Rotating spider supported by 
self-centering conical thrust bearing. 

Fingertip remote control and indication of all rotator functions pro-
vided in the Trylon Anten-A-Cator control box. Selsyn-controlled hair-
line pointer accurately indicates beam position on indirectly-lighted 

transparent compass dial. 115-volt, 60-cycle power supplied to 
rotator through weatherproof cable from Anten-A-Cator. 

TRYLON TILT-MOUNT: Constructed of heavy gauge steel, hot-
dip galvanized, with stainless steel bearing pins, the Trylon Tilt-Mount 
permits the Trylon Rotator and Beam Antenna to be tilted downward 

for easy servicing or adjustment of all parts from the side of the 
supporting tower. 

Write for prices and descriptive booklet 

' Mfg. under Potent 2,583,747 assigned to 
Gordon Specialties Co. 

BEAM1 TRYLON 2-BAND ROTARY This highly directional, high-gain 
antenna covers any Iwo bands between I 2 and 50 mc. Each array is available 
with either 3 or 4 elements consisting of adjustable telescoping aluminum tubes, 
plus adjustable stubs and "T" matches. This allows precise adjustment for maximum 
radiation efficiency in each band and insures an impedance match for all trans-
mission I ines. 

Telescoping elements are constructed of 35-H18 aluminum alloy with thick walls 
to prevent sagging and whipping during high winds. Sturdy cross-ribbed aluminum 

booms are furnished with stand-off insulators, top guys, and other hardware. 
Shipped knocked down with boom drilled and tapped for use with the Trylon 
Beam Rotator or other heavy-duty rotators. 

Telescoping aluminum elements, Adjusto-Stub element tuners, adjustable "T' 

matches, booms, etc., are available separately for those wishing to construct their 
own deluxe rotary beams. 

Write for prices and descriptive booklet 

TRYLON STEEL LADDER TOWERS: All types, all sizes— from 
low-cost TV receiving antenna masts and towers for amateur rotary beams 
to vertical radiators for commercial AM transmitters. Complete selection of 
"heavyweight" towers for FM-TV transmitters and extended microwave 
instollations with rigid sway and twist limits. All Trylon towers ore hot-dip 
galvanized after fabrication for maximum weather protection and long life. 

Typical Towers Illustrated at Right 

Fig. I 

Series No.-650 
Max. height- 80 ft. 
Face width-6.5 in. 
Wt. per 10-ft. sec.-
22 lbs. 
Use— Most for TV. 
Amateur, portable, 
and wire- type an-
tennas. 

Fig. 2 

Series No.- 2400 
Max. Height-280 ft. 
Face width- 24% in. 
WI. per 10- ft. sec.-
112 lbs. 

Use—Tower for Trylon 
Rotary Beam, AM 
Broadcast, and Micro-
wave antennas. 

Fig. 3 

Series No.- 6000 
Max. Height-800 ft. 
Face width- 60 in. 
Wt. per 10- ft. sec.-
653 lbs. 

Use—TV Broadcasting 
and Curtain antennas 
for International 
Broadcasting. 

Outline your antenna support requirements for o 
prompt quotation and descriptive literature from the 
acknowledged leader in this field for over 20 years. 

Fig. 1 Fig. 2 Fie. 3 

Try/on Products WIND 
are made only by Inn LI: COMPANY West Chester, Pa. 

PHONE: West Chester 3110 



(rereading  the 

...7. HE AMERICAN RADIO RELAY LEAGUE, through 

its publications in the field of amateur radio, is 

acknowledged as the leading contributor to this fasci-

nating art. The whole picture of amateur radio, from 

basic fundamentals through the most complex phases 

of this appealing hobby, is covered in the League 

library. The newcomer who succumbs to the first 

nibbles of the radio bug can find his "gateway" to 

amateur radio in such introductory booklets as How 

lo Become a Radio Amateur. Learning the Radiotelegraph 

Code, and the License Manual. Other League publica-

tions, especially that all-time radio best seller, The 

Radio Amateur's Handbook, are storehouses of informa-

tion for everybody interested in electronics and radio 

communication. Supplies such as log books, world 

map, calculators, message blanks and binders are 

specially designed for the needs of active operating 

amateurs. 

Whether novice or old-time amateur, student or 

engineer, League publications will help you to keep 

abreast of the times in the ever-expanding field of 

electronics. Most of the publications described in the 

lbllowing pages arc handled by your radio dealer. If 

you cannot obtain them locally, they may be ordered 

direct from League Headquarters. 

THE AMERICAN RADIO RELAY LEAGUE, Inc. 
WEST HARTFORD 7, CONNECTICUT 
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Quirk and accurate answers with 
ABBE Lightning Calculators! 
Type A for problems involving 
frequency, inductance, capacity. 
Type B for resistance, voltage, 
current and power. 51.25 each 
ass aid anywhere. 

Internationally 
recognized, univer-

sally consulted. The 
all-purpose volume of 

radio. Packed with in-
formation useful to the 
amateur and professional 

alike. Written in a clear, 
concise manner, contains 
hundreds of photos, dia-
grams, charts and tables. 

53 U.S.A., 53.50 U.S. Poss. 
and Canada, $4 elsewhere 

Tells what amateur 
radio is and how to 

get started in this fas-
cinating hobby. Spe-

cial emphasis is given 
to the needs of the Nov-

ice licensee, with three 
complete simple amateur 
stations featured. 

50e everywhere 

Active amateurs need these 
supplies: A RRL Logbook, 500 
U.S.A., 6oe elsewhere. Min-
Rog, 30e U.S.A., 350 else-
where. Radiogram blanks, 
35e per pad postpaid. 
Message delivery cards, 
40 each stamped, 2e 
each unstamped. 
Members' stationery, 
100 sheets $ 1.25, 
250 sheets $ 1.50, 
500 sheets $2.50 
postpaid. 

No need to let your copies of QST rest 
in a disordered pile. A QST binder will 
keep them neat and orderly. Each holds 
a one-year file. S2.50 (available in U.S. 
and Possessions only). 

If you build equipment and 
operate an amateur radio 
station, you'll find this a 
mighty valuable book in 
your shack and work-
shop. More than 200 
practical ideas plus a 
surplus conversion. 
section. 
8 1.0 0 U . S . A . 
proper, $ 1.25 
elsewhere 

lie radio 
A amateur's 

handbook 

PUBLIC 
FOR 

NOVICES 
OLI 

emmarz=mmi 
HINTS 8c 

KINKS 
I., Ih• Radio Am•tout 

  • •••••,.....a• 
NY Prunes, lito.• 

•••• 
svaor thy. ',oaten 



AT1ONS 

TIMERS, 

ENGINEERS 

THE 
R. R. L 

ANTENNA BOOK 

Study guide 
and reference 
book, points the 
way toward the 
coveted amateur 
license. Complete 
with typical ques-
tions and answers to 
all of the FCC amateur 
exams — Novice, Tech-
nician, General and Extra 
Class. Continually kept 
up to date. 50e postpaid 

ARRL War ap. rante 
in eight colors on heavy map 
pa per with 267 countries 
clearly outlined. Continental 
boundaries, time zones, plainly 
marked.82postpaid anywhere. 

For those who 
find it difficult to 
master the code, 
this publication sup-
plies the key to the 
problem. Designed to 
help the beginner over-
come the main stumbling 
block to a ham license. 
Contains practice material 
for home study and class-
room use. 50e postpaid 

900 

A course 
in radio 
fundamentals 

Containing 16 chapters and 
profusely illustrated, the 
Antenna Rook includes all 
necessary information on 
theory and operation of 
antennas for all ama-
teur bands; simple 
doublets, multi. 
element arrays, ro. 
taries, long wires, 
rhombics and 
others. Si U.S.A., 
$1.25 elsewhere 

A complete course of study 
for use with the Radio Ama-
teur's Handbook, enables 
the student to learn the 
principles of radio by 
following the principle 
of "learning by do-
ing." Applicable to 
individual honte 
study or class-
room use. 
500 postpaid 

AMERICAN RADIO 
RELAY LEAGUE 
West Hartford 7, Conn 
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(ifp AMERICAN RADIO RELAY LEAGUE 
Administrative Headquarters: West Hartford, Connecticut, U. S. A. 

  19.... 

AMERICAN RADIO RELAY LEAGUE, 

Wcst Hartford, Conn., U. S. A. 

Being genuinely interested in Amateur Radio, I hereby 

apply for membcrship in the American Radio Relay 

League, and enclose $4.00* in payment of one year's dues, 

$2.00 of which is for a subscription to QST for the same 

period. [Subscription to Q.S'T alone cannot be entered 

for one year for 82.00, since membership and subscription 
are inseparable. Please begin my subscription with the 

issue. 

The call of my station is  

The class of my operator's license is  

I belong to the following radio societies  

Send my Certificate of Membership D or Membership 

Card D ( Indicate which) to the address below: 

Name   

A bona fide interest in amateur radio is the only essential requirement, but full 

voting membership is granted only to licensed radio amateurs of the 

United States and Canada. Therefore, if you have a license, 

please be sure to indicate it above. 

132 

*$4.00 in the United States and Possessions. 

$4.25, U. S. funds, in Canada. 

55.00, U. S. funds, in all other countries. 



MEASUREMENTS 
CORPORATION 

Throughout the world, Measurements' reputation for 

accuracy and reliability is your guarantee of satisfactory service. 

,..E.11EQUENCY RANGE OUTPUT RANGE MODULATION 

75 Kt — 20 Mc. 0.1 microvolt 
to 2.2 volts 

AM. 0 to 100% 
400 cycles or 1000 cycles 

Externol mod.. 50-10.000 cycles 

FREQUENCY RANGE OUTPUT RANGE MODULATION 

15-25 Mc.; 195-225 Mc. 
1.5.25 Mc.; 9:7-125 Mc 
Other ranges on order 

I lo 100,000 
microvolts 

AM. 8200.400 Veg., 
625-400 cycles 

Fixed at approximately 30% 

FREQUENCY RANGE OUTPUT RANGE MODULATION 

Deviation 0.300 Kc. 2 ranges 
FM 400.8200 cycles 
External mod to 15 Kc. 

FREQUENCY RANGE OUTPUT RANGE MODULATION 

2 Mc.— 400 Mc. 0.1 to 100,000 
mic.ovolts 

FREQUENCY RANGE OUTPUT RANGE 

I 0-50  oolt, Continuously variable 0.50% 
IQ BO to 50 Mc. 01 microvolt to 1 volt Irons 20 cycles to 20 Kc. 

AM. 0 to 30% 
400 cycles or 1000 cycles 

External mod, 50-10,000 cycles 

300 Mc.- 1000 Mc 01.tico,100v1 ,000 

MODULATION 

AM. 010 30%, 400,1000, or 250C 
cycles Internal pulse modulator 
I If ternol mod., 50.30,000 cycles. 

FREDUENCi RANGE ' OUTPUT RANGE MODULATION 

Continuously variable Continuously varioble 0 to 30% 
3)0 Mc. to 1000 Mc from External modulation 20 to 

0.1 microvolt to 1.0 volt 20.000 cycles 

FREQUENCi RANGE 

20 Mc.- 250 Mc. 

OUTPUT RANGE 

0.3 microvolt to 
0 1 volt 

FREQUENCY RANGE PULSE WIDTH 

Continuously variable 
AO to 100,000 cycles from 

0.5 to 40 microseconds 

FREOUENCY RANGE WAVE SHAPE 

Continuously variable 
6 to 100,000 cycle 

VOLTAGE RANGE 

01, 0-3, 0-30 and 
0 100 volts AC or DC 

VOI TAGE RANGE 

.0005 to 200 volts 
peak-to- peak 

Rise time less than 0.2 
microseconds with 

negligible overshoot 

MODEL 62 

FREQUENCY RANGE 

30 cycles to 
over 150 Mc. 

MODEL 67 

5 to 100,000 sine•way 
cycles per second 

STANDARD 

SIGNAL 

GENERATOR 

MODEL 83 

CRYSTAL 

CALIBRATOR 

MODEL Ill 

MEGACYCLE 

METER 

MOCEL 59 

'u g "‘10 STRENGU6115111610DEL 5 
FREQUENCY RANGE INPUT VOLTAGE RANGE 

I to 100.000 microvolts n antenna. I to 100 microvolts on 
serni-logarithmic output mete., balanced resistance anent:-
otor with ro/ n, of 10, 15.) f.f.cf I'01) oheact of all tubes. 

INTERMODULATION RANGE FREQUENCIES ( CYCLESI ANALYZER INPUT VOLTAGES 

0.5% to 30% 
LE: 60 cps Fall scale ranges of 

FIF: 3000 cps 3,10, 30 volts EMS 

GACYCLE METER MO 
1 MODULATION 1 FREQUENCY RANGE FREQUENCY ACCURACY  

2.2 Mc. to 400 Mc. Within . 2% 

FREQUENCY RANGE 

250 Kc.-1000 Mc. 

MODULATION 

Continuously variable, 0 to 100% 
Sinusoidal modulation 30 cycles 
5 rnc. Composite TV modulation. 

OUTPUT 

Approx 150 v positive with respect 
to ground. "Sync Output" 75 y. 
positive with respect to ground. 

OUTPUT 

Step attenuator• 75, 50, 25, 15, 
10, 5 peal volts fixed and 0 to 
2.5 volts continuously variable. 

INPUT IMPEDANCE 

Approximately 7 nunfd. 

INPUT IMPEDANCE  

1 rnegohrn shunted by 
30 rnmfd. 

FREQUENCY ACCURACY 

0.001% 

0.001% 

CW or I2C cycles fixed of 
appraximate-y 30%. Provision 

for external modulation 

HARMONIC RANGE 

.25 Mc. Oscill0tan .25-450 Mc. 
1 Mc. Oscillator: 1-600 Mc, 

10 Mc. Oscillator: 10.1000 Mc. 

.1 Mc. Oscillator: . 1 — 450 Mc. 
1 Mc. Oscillator; 1 — 600 Mc. 

10.Mc. Oscillator: 10-1000 Mc. 

agagfe,„ 

MEASUREMENTS CORPORATION 
.um.amommAwumammme mmma 



YOUR ELECTRONIC 
EQUIPMENT 

Demands Highly Specia ized 

THE MANUFAC 

AND SERVICE ME 

WHO SERVE BEST 

WIREMAKER FOR INDUSTRY 
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eete 
MICROPHONE? 
Check the features and characteristics for which E-V 
miciophones have become favorites in every held. Then 

take your choice, and know you can expect performance 

that is guaranteed by E-V research-engineering. Here 

are 9 models of today's most complete microphone line. 

de *ea wage Ut 

• 630 DYNAMIC 
Pop.rlot high fidelity 
high output dynamic. 
Response 60-11,000 cps. 
Ornsii-directionol. Exclusive 
Acoustolloy diaphragm 
ExUe tvlitt•d. 
head. ”On-Off" switch. 
Available in high 
or low impedance, 
model 630. List, 347.00 

Small size, hig's output, 
'Ingle- button carbon 

microphone for maxim um 
intelligibility. Clos.-

talking, noise- cancelling 
Differential. type. High 
artic.olation. Blast proof, 

.water proof, shock 
r ',instant. Comfortably 

hand-held. Press-to- talk 
switch. Panel mounting. 
bracket. List. $ 16.50 

-.-.,-- • 

4, CENTURY 
Low-cost oil- purpose 
Crystal, Dynamic and 
Ceramic models. Con 
be used in hand, or 
on .tond. Rernark•ble 
performer. Satin Chrome 
finish. In high and 
low impedances. list 

$1 Model 11.2D5 to k Mount 
019.50 

lists at $1.70 es  

636 SLIMAIR 
Slim, versatile dynamic 
of exceptional avant 
High-fidelity r•sponsys; 

60-13.000 cps. Output - 55 
db. Acoustically- treated 

grille head stops wind and 
breath blasts. Acovstello 

d ophrogm. Tilts 90r. 
”On-Dft- switch. High or 
low impedance selection. 

list $70.00 

MICROPHONES • PHONO-CARTRIDGES 

HIGH FIDELITY SPEAKER SYSTEMS 

TV ACCESSORIES • PA PROJECTORS 

See your E-V Distributor or Write for Bulletins 

Crystal mires licensed under Brush patents. E•V Pat. Pend, 

950 CARDAX 

crystliailgenh clerovpelhocrierdwiltidh 
dual frecivency response 

for high-fidelity sound 
Pick- so or for extra 
crispness of speech. 

Overcome, feedback and 
background noise. Wide 

rsawni t. Metal gch rP  Seal 
'.. - "OOn -Off" 

ifcrysta l." 

List, $42.50 

vsee.. 
date, goo ; 

é 

600-0 and 210 

Dynamic and Carbon 
high art culotion mobile 
microphones. Give high 

inteliigibility speech 
trcnsmission. Light 

weight, ye /tetra rJgged 

EP°r•iiss'Y-thoe-tladIk' swhaitncdh: 

Model 600-D. List, $ 38.50. 

Model 210. List, $ 28.50 

TOUCH-TO-TALK e 
Model 428 " Break-in" 

Touch-to- talk Stand with 
locking feature. Fits any 

microphon• with standa rd 
W-27 thread. Lever-type 

switch gives Anger-tip relay 
operatic.. or microphon• 

"On- Off." Single- pole 
double-throw. 
List, $ 16.00 

MERCURY 
Model 611 Dynamic and 
Model 911 Crystal. Smart 
design. Rugged and 
dependable. Response 
5C•8000 cps. H gh output 
level. Omni- directional. 
Til ." ff able head. Dn-O” 
switch. Available in 
high or low impedances. 
List fro. $25.50 to  
$37.50 

41 H-S1/8 HANDSET 
V rtuolly indesti uctible 
Transmits speech clearly 
and !intelligibly under high 
ambient noise conditions 
Noise- cancelling second 
order differential carbon 
mcr?Phone, 600 ohm 
receiver, black nylon 
hon,dle, push-to talk switch. 
I long. Weighs I lb. 
List, $ 180.00 

teEcVo1 IN' 
407 CARROLL STREET • BUCHAN,AN, MICHIGAN 

Export: 13 East 40th Street, N.Y. 16, U.S.A. Cables: Arlab 

*Patent No. 2,350,010 
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ABSORPTION 

FREQUENCY METER 

Model 3256 

VOLT-OHM-MIL-AMMETERS 
for your every need 

Note .. . These Sensational Improvements 

TRIPLETT Model 630 
* Large 51/2  Inch Meter in special molded case under panel. 
* Resistance Scale Markings from .2 Ohms to 100 Megohms. Zero Ohms control 

flush with panel. 
* Only one switch. Has extra large knob 21/2 " long, easy to turn, flush with panel 

surface. 
* New molded selector switch, contacts are fully enclosed. 
* All resistors are precision film or wire wound types, all sealed in molded 

compartment. 
* Unit construction—Resistors, Shunts, Rectifier, Batteries all are housed in a 

molded base built right over the switch. Provides direct connections without 
cabling. No chance for shorts. 
* Batteries easily replaced—New Double Suspended Contacts. 
* Ranges: DC Volts 0 to 6000, 23,000 Ohm Volt; AC Volts 0 to 6000, 5000 
Ohm Volt; DB: - 30 to • 70; Direct Current from 0-60 Microamp. to 0-12 
Amps; Resistance: 0-1000-10,003 Ohms, 0-1-100 Megs. 

POCKET SIZE Model 666-R 

A band-switching, tuned absorption 
type frequency meter that covers five 
amateur bands. Has Germanium 
crystal and a DC Milhammeter indi-
cator for greater sensitivity. Direct 
calibration on panel — no coils to 
change. Switching permits instanta-
neous band change. Audio jack pro-
vides for monitoring of phone signals 
— another new feature. Calibration 
is in Megacycles in following bands: 
3.5-4 MC; 7-7.3 MC; 14-14.4 MC; 
20-21.5 MC; 28-30 MC. Coil is re-
movable and other coila may be sub-
stituted for special bands. Useful for 
checking: Fundamental frequency of 
oscillating circuits; Presence, order 
and relative amplitude of harmonics; 
Parasitic oscillations, etc. Size: 71/2 " 

2'/7" x 21/4 ". Metal case with gray 
enamel finish black trim. 

A COMPLETE LINE OF METERS 

Triplett panel and portable meters 

are available in more than 26 case 

styles — rouad, square and fan — 

2" to 7" sizes. Included are volt-

meters, ammeters, milliammeters, 

millivoltrtuet ere, microammeters, 

thermo-ammeters, DB meters, VU 

meters and electrodynamometer type 
instruments 

Address all inquiries to Dept. Q-53 

For your AC and DC 
Voltage, Direct Current and 
Resistance analyses to 3 
Megohms. Enclosed selector 
switch of molded construc-
tion keeps dirt out. Retains 
contact alignment perma-
nently. Unit Construction — 
All Resistors, shunts, recti-
fier and batteries housed in 
a molded base integral with 
the switc.h. Eliminates 
chance for shorts. Direct con-
nections. No cabling. All pre-
cision film or wire-wound 
resistors, mounted in their 
own compartment- assures 
greater accuracy.3" 
RED.DOT Lifetime Guaran-
teed instrument. Red and 
black markings on a white 
background. Easy to read 
scale. Precalibrated recti-
fier unit. Self-contained 
batteries. 

RANGES: AC-DC Volts: 0-10-50-250-1000-5000, 
1000 Ohms Volt; Direct Current: 0-10-100 Ma., 
0-1 Amp.; Resistance: 0-3300-300,000 Ohms, 3 Meg. 
Black molded case, completely insulated, 3 . s 
518" x 2 ' ". White panel markings. 

Model 666-HH VOLTOHM-MILLIAMMETER 
A complete miniature laboratory for DC-AC Volt-
age, Direct Current and Resistance analyses. The 
answer to V-O-Ma, requirements of radio service-
men, amateurs, industrial engineers, etc. Greater 
scale readability on the 3" RED•DOT Lifetime 
guaranteed instrument with red and black scale 
markings. Simplified switching. 
RANGES: AC-DC Volts: 0-10-50-250-1000-5000, 
1000 Ohm Volt; DC Ma: 0-10-100-500; OHMS: 
0-2000-400,000. Self-contained plug-in batteries. 
Black molded case, completely insulated, 3, .." 
x 57/8" x 2 Vib ". Panel with white markings. 
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FOR THE MAN WHO TAKES PRIDE IN HIS WORK 

Triplett 
TRIPLETT ELECTRICAL INSTRUMENT COMPANY • BLUFFTON, OHIO, U.S.A. 



LINEAR STANDARD 
High Fidelity Ideal 

COMMERCIAL GRADE 
Industrial Dependability 

VARIABLE INDUCTOR 
Adiust like a Trimmer 

PULSE TRANSFORMERS 
For ad Services 

HIPERM ALLOY 
High Fidelity . . . Compact 

TIMID HIGH CI COILS 
Accuracy ... Stability 

SATURABLE REACTORS 
Power or Phase Control 

fete 

VERTICAL SHELLS REPLACEMENT 
tiusky ...nInexpensive Uiversol Mounting 

ULTRA COMPACT 
Portable . . High Fidelity 

POWER COMPONENTS 
Rugged Dependable 

TOROID FILTERS 
Any type to 300KC 

LARGE UNITS 
To 100KW Broadcast 

OUNCER SUB OUNCER 
Wide Ronge . . I ounce 

VARITRAN 
Voltage AdiustorS 

MU-CORE FILTERS 
Any type Yz — 10,000 cyc. 

PLUG-IN TYPE 
Quick change service 

Weight 1/, ounce 

MODULATION UNITS 
One watt to 100KW 

EQUALIZERS 
Broadcast & Sound 

CABLE TYPE 
For mike cable line 

LINE ADJUSTORS CHANNEL FRAME 
Match any line voltage Simple low cost 

 'mma 

EXPORT CIVISION 13 EAST 401A S Tom mtvi VORN IC. N L. 

N. V. 

CABLES: ••ARLAII" 
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RF CONNECTORS 

AMPHENOL RF connectors are unsurpassed for me-
chanical design and electrical efficiency. They provide 
low-loss continuity in critical RF circuits with little 
or no impedance change or increase in standing wave 
ratio. 
AMPHENOL RF connectors are available in Types 

BNC, BN, HN, LC, N, C and the popular 83 series. 
including plugs, jacks, receptacles and adapters. All 
AMPHENOL RF connectors meet or surpass rigid gov-
ernment specifications. 

"S" SOCKETS and "CP" PLUGS 

"S" Sockets and "CP" Plugs mate with each other and 
feature the AMPHENOL retainer ring design — mount 
without screws or rivets on panel or chassis. They are 
compact in size and are ruggedly built for trouble-
free service. Available in black bakelite or mica-filled 
bakelite. "S" type sockets are also available in 
AMPHENOL Steatite and in a variety of sizes with the 
number of contacts ranging from 4 to 11. Supplied with 
retainer rings for chassis mounting. Plugs and sockets 
are also available with plates and caps. 

STEATITE TRANSMITTING 
TYPE TUBE SOCKETS 

Designed for use where 
other, less rugged, sockets 
cannot do the job. Made of 
low- loss AMPHENOL Stea-
tite, they feature the 
"clover leaf" contacts that 
provide four full lines of 
contacts. Barriers provide 
long creepage paths that 
prevent arcing and flash-
over. Available in various 
sizes with 4. 5, 6, 7 and 8 
contacts. 

MINIATURE 
7 and 9 PIN 
SOCKETS 

AMPHENOL has a complete 
line of miniature 7 and 9 
pin sockets for every ap-
plication. Materials in-
clude black bakelite. mica-
filled bakelite, Steatite or 
AMPHENOL'S own Ethylon-
A. Zip- in sockets are 
molded of Ethylon-A. a re-
silient dielectric, and need 
no mounting plate or re-
tainer ring. 

MIN 

MICROPHONE CONNECTORS 

AMPHENOL manufactures an extensive 
line of connectors to fit practically 
all makes of microphones. The 75-
MCIF Microphone connectors, illus-
trated above, function as either male 
or female fitting, include jacks, plugs, 
receptacles, adapters and switches. 
The 80 Series, single and double con-
tact, connectors are designed for 
shielded cables. Obtainable in any 
combination of male or female cable 
connectors or as chassis units. The 91 
Series includes both three and four 
contact connectors, polarized to pre-
vent incorrect insertion. They are 
procurable as plugs, cable jacks and 
chassis receptacles in any combina-
tion of male or female types. 

"MIP" SOCKETS 

The world's strongest socket! The 
plated steel mounting plate is molded 
right into the solid bakelite body, can-
not come loose or vibrate. Two holes 
in each contact provide wiring and 
anchoring points for resistors, con-
densers, chokes, etc. Available in 
black bakelite or mica-filled bakelite 
in a wide variety of contact arrange-
ments. "MIP" sockets are also avail-
able for 8 pin Octal and Loktal tubes. 
The "MIP" sockets are unequalled in 
either strength or versatility. 
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eta* AMPHEN0 

CORNER REFLECTOR 

VHF and UHF TELEVISION ANTENNAS 

AMPHENOL manufactures a complete line of 
quality television antennas. For VHF, the fa-
mous INLINE (Reissue Pat. No. 23,273) design 
is available in either single bay or stacked 
array. AMPHENOL UHF antennas include 
BO-TY, Corner Reflector, Rhombic and Yagi 
types. The Stacked-V model will receive VHF, 
UHF or both. 
Antennas are available for extended distances 

reception of either VHF or UHF. Stacking for 
greater db gain may be done with the INLINE, 
BO-TY, Corner Reflector and Yagi. 
The materials used in all AMPHENOL antennas 

are the very finest available. Sturdy aluminum 
and steel with non-rusting finishes insure like-
new appearance on the rooftop. All AMPHENOL 
antennas feature stay-up construction—and 
perform well for many years. 

111 111•»1 maul 

COAX and TWINAX CABLE 

AMPHENOL cables are produced in strict con-
formity to the rigid military specifications. 
Constant checks and inspections are made to 
assure the best in mechanical and electrical 
construction. 
Most of the RF cables in the AMPHENOL 

line have top grade polyethylene dielectric 
for low-loss, flexibility and mechanical 
stability. For high temperature applications, 
cables are also available with other types of 
dielectric. 

FLAT and TUBULAR 
TWIN- LEAD 

AMPHENOL twin-lead, flat or tubular, is made 
of the finest materials available, manufac-
tured with constant and rigid inspection. The 
brown pigmented virgin polyethylene assures 
a minimum of signal loss and constant 
impedance. 
AMPHENOL flat twin-lead is available in a 

variety of types and sizes. AIR-CORE Tubu-
lar twin-lead ( U.S. Pat. No. 2,543,696) is a 
must for UHF television lead-in purposes. 

AMATEUR 
ANTENNA 

KIT 

mretious 

The AMPHENOL Amateur Antenna has been de-
signed to meet your need for a simple, effective 
folded dipole antenna system. The efficiency of 
the AMPHENOL Antenna for both transmitting 
and receiving has been demonstrated by years 
of satisfied amateur use. The Amateur Antenna 
is available in an economical, easy-to-assemble 
kit form. All the kits are pre-cut to band length 
and are ready for final assembly and installa-
tion. Complete assembly instructions are 
included. 

YOUR AMPHENOL DISTRIBUTOR 
has what you need in radio and electronic 
components. Save time by seeing him for the 
part you want. All the components listed on 
these pages, and many others in addition, 
are carried in his stock and are immediately 

available. 

NEW ! CATALOG B-3 
The new, revised AMPHENOL 
general catalog B-3 will be sent 
upon request. It contains illus-
trations and specifications on 
the over 9,000 items now manu-
factured by the AMERICAN 
PHENOLIC CORPORATION. 

BI 2-1000 

AMERICAN PHENOLIC CORPORATION 

1830 South 54th Avenue, Chicago 50, Illinois 
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Learn Code 
Beginners, Amateurs and Ex-
perts alike recommend the 
INSTRUCTOGRAPH, to learn code 

and increase speed. 

Learning the INSTRUCTOGRAPH way 
will give you a decided advantage in 
qualifying for Amateur or Commercial ex-
aminations, and to increase your words per 
minute to the standard of an expert. The 
Government uses a machine in giving 
examinations. 

Motor with adjustable speed and spacing 
of characters on tapes permit a speed range 
of from 3 to 40 words per minute. A large 
variety of tapes are available — elemen-
tary, words, messages, plain language and 
coded groups. Also an " Airways" series for 
those interested in Aviation. 

MAY BE PURCHASED OR RENTED 

The INSTRUCTOGRAPH is made in sev-
eral models to suit your purse and all may 
be purchased on convenient monthly pay-
ments if desired. These machines may also 
be rented on very reasonable terms and if 
when renting should you decide to buy the 
equipment the first three months rental 
may be applied in full on the purchase 
price. 

ACQUIRING THE CODE 

It is a well-known fact that practice and 
practice alone constitutes ninety per cent 
of the entire effort necessary to " Acquire 
the Code," or, in other words, learn teleg-
raphy either wire or wireless. The In-
structograph supplies this ninety per cent. 
It takes the place of an expert operator in 
teaching the student. It will send slowly at 
first, and gradually faster and faster, until 
one is just naturally copying the fastest 
sending without conscious effort. 

BOOK OF INSTRUCTIONS 

Other than the practice afforded by the 
Instructograph, all that is required is well 
directed practice instruction, and that is 
just what the Instructograph's " Book of 
Instructions" does. It supplies the remain-
ing ten per cent necessary to acquire the 
code. It directs one how to practice to the 
best advantage, and how to take advantage 
of the few " short cuts ." known to experi-
enced operators, that so materially assists 
in acquiring the code in the quickest pos-
sible time. Therefore, the Instructograph, 
the tapes, and the book of instructions is 
everything needed to acquire the code as 
well as it is possible to acquire it. 

the EASY Way 
MACHINES FOR RENT OR SALE 

.__9113tritciograpli 

ACCOMPLISHES THESE PURPOSES: 

FIRST: It teaches you to receive telegraph symbols, 
words and messages. 

SECOND: It teaches you to send perfectly. 

THIRD: It increases your speed of sending and 

receiving after you have learned the code. 

With the Instructograph it is not necessary to impose 
on your friends. It is always ready and waiting for you. 
You are also free from Q.R.M. experienced in listening 
through your receiver. This machine is just as valuable 
to the licensed amateur for increasing his speed as to 
the beginner who wishes to obtain his amateur license. 

_Postal eard 
WILL BRING FULL PARTICULARS 

IMMEDIATELY 

THE INSTRUCTOGRAPH CO. 
4707 SHERIDAN ROAD CHICAGO 40, ILLINOIS 

Representative for Canada—Canadian Marconi Co., P.O. Box 1690, Montreal. Quebec 
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type\I-2VtgW 
The new Type V-2 VARIAC is the latest addition to the 

popular "V" series of VARIAC continuously-adjustable autotrans-
formers. With a power rating of twice that of the Type 200-B, it is intended 

eventually to supplant the latter. 
The Type V-2 represents a considerable imprevement over the 

200-B, making it even more adaptable to a wide variety of applications 
where a relatively low-power, moderatedy-priced, a-c voltage control with 
all of the latest exclusive VARIAC features is needed. Its electrical and 
mechanical features include: 

* New DURATRAK brush-track coating 

*Load rating of 0.345 kva 
(instead of 0.17 tea) 

*Output voltages continuously adjustable 
from 0 to 135 v, or 0 to 115 v. 

*Line frequency 50 to 60 cycles; no load 
loss at 60 c.: less than 3.5 watts 

*Standard mounting holes 
(interchangeable with Type 200-B) 

*Considerably less panel space 
*Metal Base for improved cooling 

and added strength 
*More rugged stops 
* G-R Unit Brusn construction 
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Brush and track on 
face of winding instead of periphery, 
for panel mounting, dial reversible tar 
read 0-115 or 0-135 volts, output: 
'..s-inch insulated shaft: improved 
terminal plate with circuit and con-
nections clearly shown; G-R uni: 

brush; meta! base 

I. 

*Terminal board with circuit and 
connections clearly shown 

*Molded knob- pointer and reversible dial 
plate for panel installation 

*Meets applicable requirements of Military 
Specification for Transformers: MIL-T-27 

Moderate Price: S12.5Q 

\\\\‘',1  Ut HI/f/I/i 

The new DURATRAK coating is one of the most important 
Improvements in VARIACS; another step in the continuing 
precinct of development which makes the VARIAC the Imst 

voltage control available 

GENERAL RADIO Company 
275 Massachusetts Avenue, Cambridge 39, Massashusgetts, U. S. A. 

e r MFYI 40.6 924s. seeuchsa ch, 000*006 Iwo Seward- Mt 401 AMPillt 

rIa ff JILL TYPE VAFUACS 

HAVE A/FesiDuratrak CONSTRUCTION 
for Increased Performance 

Evel Longer Lite 

The new DURATRAK brush-
track coating eliminates all brush 
track oxidization problems which 
formerly might become critical under 
severe conditions of operation. 

DURATRAK construction adds 
these features to increase the utility 
of VARIACS: 

Long Life — insures a life as long as 
that of fired-ratio power transformers 

operated at rated loads 

Unaffected By Surges — VARIACS will 
DURATRAK will withstand initia 
surges as high as ten timer ratm 

current 

Minimum Maintenance — the brush trae 
will not deteriorate under norm; 
operation.— only maistenance swede 
is occasional wiping of track wit 
alcohol-moistened rag 

Write for the NEW VARIAC BULLETIN for Complete Specifications 

Admittance Meters te Coaxial Elements * Dceo.io C. a paella's 

Decade Iraductor, * Decade Resistors it Distartian Meters 

Prequenry Meters* Frequency Slandards Getger Counters 

Impedance Bridges t7 Modulation Meters * Oscillators 

Varincs l,iplat Meters * Megobenaneters * Motor Controls 

Noise Meters * Null Detector, * Precision Capacitor, 

Pulse Generators * Signal Generator,* Vibration Meters* Stroboscopes Cr Mace Rtftert 

U-11-F Measuring Equipment * V-T Voltmeters * Wave Analyzers * Polariseopes 



TOP HAT RETAINERS 
An improved clamp that 

holds electron tubes, relays, 

capacitors and pluggable 

components in position. 

EASY TO APPLY... INSTANTLY RELEASED 

Made in a variety of sizes to 

fit almost any type tube. 

Recommended for use in 

Army, Navy and Air Force 

electronic equipment. 

POSITIVE LOCKING ACTION 

POSITIVE — Component even when inverted 

will not loosen under the most severe shock 

or vibration. RESILIENT— Positive retention is 

achieved with minimum rigidity or strain on 

component. ACCESSIBLE— Clamp fits on top 

of component and can be fastened or re-

leased easily without tools. CORROSION 

RESISTANT—Hat and Posts are stainless steel. 

All materials and finishes comply with Armed 

Forces Specifications. VERSATILE — Top Hat 

Retainers may be applied to practically any 

tube or plug-in component. 

a 

WRITE TODAY FOR FREE CATALOG 

TIMES FACSIMILE 
CORPORATION 
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540 West 58th Street 

New York 19, New York 

1523 L Street, N.W. 

Washington 5, D.C. 



MULTI-SIGNAL TRACER 

N Ebil .47e1C04, 
Instruments and KITS 

Over 1/0-14IWON NOW IN USE! 

give you Laboratory Precision 

at Lowest Cost! 
TRUMENTS & KITS to citoose fro 

NEW 470K 1" PUSH-PULL SCOPE KIT $79.95. 
WIRED $ 129.50. 
V freq. resp: flat iS db 10 cpt-1 inc. V , ent . 01 volts 
rent/in. H freq. resp: flat db 10 cps- 200 he, - 4db or 
500 ht. H sens:.3 volts rrnstin.Sweep ronge I 5 cps— I 00 bu. 
3- step freq•compensoted onenuator eliminates distortion, 
overlooding. R eeeee trace blanking. Int. voltoge colibrate. 
V & 1.1 troce expansion & entering: I.5X full screen, no 

distortion. Direct connection to vert. CRT ;dotes. Phosing 
control of int. 60 cps sine wove sweep. At front panel: 
intensity mod. input; 60 cps, sawtooth outputs. 

Famous EICO amazing le eeeee -packed   priced 
425K 5" PUSH-PULL SCOPE KIT $44.95. Wired $79.95 

TUBE TESTER 

Mond new protessionot %be tester and merchandiser EICO 

Service.Engi d for unbeatable volte! Large 41/e" fullmision 

meter. Tests  ion& end TV robes including 9-pie ermit-

  Ness lever.odion switcnes—tests every tube element. 
Illuminated "Speed Roll.Chart . 2 grid cops. Short and open-
element rests. Spore socket fav new tubes. Protective overload 
bulb. Electronic rectifier. 3-color etched poneb rugged steel 
case. 115 y., 60 cycle AC. 12Vt • 9V, • 41/4 ". 

Model 625 -K, KIT, only $34.95 Aloe quqiipqr,s 

mewl 620, factory eked, 36900 in Counter 
Display Model. 

NEW 1050K 6V & I2V BATTERY ELIMINATOR 
& CHARGER KIT $29.95. Wired $38.95. 
DC output: 0-8 V or 0- le V. Continuous current toting: 
I 0 A or 6 V, 6 A or I 2 V. Intermittent current noting; 20 A 
at 6 V, I 2 A at I 2 V. Seporote Voltmeter & Ammeter. 

1040K 6V BATTERY ELIMINATOR & CHARGER KIT 
$25.95. Wired $34.95. 

DELUXE SIGNAL GENERATOR 

A laboratory-precision generator EICO Service- Engineered 
with I% occuracy. Extreme', stable. frequency 75 KC-150 

MC in 7 calibroted ronges. Illuininoted hairline .rnier 
',mine. VII stabilized line supply. 400.cycle pure sine wore 

with less than 5% distortion. Tube complement: 6%5. 7F7, 
6C4, VR.150. 3.coler etched panel; rugged steel case. 115 
v., 60 cycle AC. 12 o 13 • 7". 

Model 315-K, KIT, only $39.95 
Mead 315,   aired. sleet 

Highest goin and Aexibility in leer-rest Reid. 
Audibly trocm all e, RF. Video and Audio 
from ANT to SPKR or CRT without switching. 
Response well over 200 MC. Integral test 

sp eeeee . Provision for visuol tracing with 
VTVM. Complete with 6517, 6K6, 6X5. Ger. 
mortis. crystal diode. 3-celor etched pone 
rugged steel cos,. 113 o., 60 cycle AC. 10 

a 4 • 43/4 ". 

Model 14$-K, KIT, only $19.95 
Model 140, lucre*, wired. 101.95 

VACUUM TUBE VOLTMETER 

leberotery.precision VTVM tor triggerdast operation and 
lifetime service. 15 different ranges. Large Oh" meter, 
con't.burn.out circuit. New Kern center for TV & FM dis-
criminator olignieent. Electronic AC & DC ranges: 0.5. 10, 
100, SOO, 1000 ir. l30,000 volts & 200 MC with IIVP-I & 
P.75 probed. Ohmmeter ranges. .2 ohms to 1000 i.e. DE 
scale. New stable double•triode bolonced bridge circuit— 

extreme accurocy. 26 mess. DC input impedance. 3-color 
etched rubproof panel, steel case. 115 v.. 60 cycle AC. 

9.7/16 6 5". New 2I4K VTVM KIT 

Model 221 -K, KIT, only $25.95 $ 3 4 9, • WIRED 
$34.95. ra .' METER. 

owe 221, eeeee o cited. $49.01 

SWEEP GENERATOR 
Corers all TV-FM alignment frequencies, 500 KC-221 MC 
Vernier.dri.n dial: center al seas., of 13 TV shoe.% morkei 
on front pon. Sweepwidth variable 0-30 MC with mechorica 
inductive sweep--pernsits gam comportsen of odi  RE T/ 

channels. Crystal marker oscillator, vorioble ornplitude. Pre 
vides for injection of external marker. Phosing control. Corn 

piety with HF tubes: 605GT. 1 2AU7 (dual-triode), 2.6C4. Les 
crystal. 10 e 8 • 63/4 ". 5 MC Crystal, ea. $3.93. 

Model 360-K, KIT, only $34.95 
meal 360. factory wime. 360.00 

SIGNAL GENERATOR 
Fu, FM AM precision alignment and TV marker frequencies. 
Vernier Tuning Coed  Highly stable RF oscillator, range: 

150 KC- 102 MC with fundornentals to 34 MC. Separate audio 
oscillator supplies 400-cycle pure sine wove voltoge. Pure IF. 
modulated RF or pure AF for 'returned leering. 115 v.. 60 cycle 

AC. 10 • et.". 

Model 320-K, KIT, only $19.95 
model 320, lector, orued, Stern 

AUDIO GENERATOR 
Complete sine wave coverage: 20.200.000 cps. Complete 
steer* urea. conetege. 60.30.000 cps 15% round-oft et 30 Ice) 
4.gang cond eeeee . Response 1.3 db, 60 cps to 150 1m. Im-
proved Wien bridge-type oscillator. Rated leed 1000 ohms 

re e ee ive. Power output 100 ne into rated bed. Distortion 1% 
of rested output. Hum less than 1/.4% rated output. Tubes, 6X5, 

6517, 2.6K6, 65147. IPA e 74. o Ph". 

Model 377-K, KIT, only $31.95. 
model 377, lectern * ire& 36.,05. 

1000 Ohms/Volt 
MULTIMETERS 
31 ranges. DC/AC Volts, 
Zero to 1, 5, 10, 50. 100. 
500, 3000. DC/AC Cur-
rent, 0.1 ma, 10 ma; OA 
amp, 1 ornp. Ohms: 0-
500, 100K, I wed 6 db 
ranges. .20 to +69. 0. 
inch 400 ea meter rnovv-
ment. Duel rectifier. 64. 
• 3'4 • 2" 

Model 536-K, KIT, 
only $12.90. 
Model 536. foamy rtned. 
114.00. 

Speccations and prices subject to change without notice. 

5E/COLISUPER-SIMPLIFIED INSTRUCTIONS 

Easy-to- follow step-by-step EICO pictorial and 
schematic instructions— most explicit and com-
prehensive in electronics!— supplied with each 
Kit. Anyone can build the EICO Kits! 

ELECTRONIC INSTRUMENT CO., Inc. 

84 WITHERS STREET, BROOKLYN 1 1, N. Y. 
`te 

HIGH VOLTAGE PROBE 
New p eeeee 'ion& EICOangi d HV probe carefully dosioned 
and insulated for estro safety end versatility. Extends ronge o. 
VTVMs end vol. ee p re 30000 v. Lucite head. Large flash 
guards. Multi.loyer processed handle. Complete si.qh inte,honspe 

able ceramic Multiplier to match your instrument 

SIV11.1 ( wired) only $6.95 

the exclusive EICO Make-Good GUARANTEE 

Loch EICO Kit end Instrument s doubly  d, by 
EICO end your jobber, to contain only selected quality tom. 
portents. EICO guarantees to replete any component which 
might become defective in normol use if returned to the 

foctory 4.sportation cherries pre- paid within 90 deys of 
purchase. EICO guarantees all lOts ossembled according to 
EICO's simplified instructions will °perch, es specified 
therein. EICO guoronmes service and calibration of every 
EICO Kit and Instrument al the nominal charge as stored 

In the instrudians. 

Be sure to look at the 
EICO line before you 
buy any higher-viced 
equipment! Each EICO 
product is jam-packed 
with unbelievable valut 
YOU be the judge --
compare EICO at your 
local jobber today, am 
SAVE! Write NOW for 
free newest Catalog I-



PMR-6A 

$134.50 

RECEIVER 

POWER SUPPLIES 

PSR-6 (6 VDC).. $24.50 

PSR-12 ( 12 VDC) $24.50 

PSR-116 ( 115 VAC) $24.50 

PSR-1165 ( 115 VAC with 

"S" meter) $35.50 

MODEL A F-67 

$177.00 

TRANSMITTER 

POWER SUPPLY 

PS- 2V ( for 1 1 5 VAC) 

$49.50, can also be oper-

ated from a dynamotor or 

vibra-packs. 

ELMAC presents 
"THE NAME HEARD 'ROUND THE WORLD" 

for the Amateur Operator . . . the most 
complete transmitter-exciter and receiver 
combination at popular amateur prices. 

RECEIVER 

• 6 BANDS 
(1) BC & 160 ( 2) 80 & 75 
(3) 40 (4) 30 ( 5) 15 (6) 10 

• HIGH SENSITIVITY & SELECTIVITY 
• AUTOMATIC NOISE LIMITER 
• DUAL CONVERSION 
• BEAT FREQ. OSCILLATOR 
• AVAILABLE FOR 6 OR 12 VOLTS 

TRANS-CITER 

• 7 BANDS 
160, 80, 40, 20, 15, 11, 10 

• TRANSMITTER OR EXCITER 

• AM-NBFM-CW 

• 500-n_ A.F. OUTPUT 

• VFO OR CRYSTAL 

• 6 OR 12 VOLT OPERATION 

FOR COMPLETE INFORMATION SEE YOUR DISTRIBUTOR. 

MULTI- PRODUCTS COMPANY 
559 E. TEN MILE ROAD, HAZEL PARK, MICHIGAN 
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• Highest Quality • Greatest Variety— meet every need in 
radio, sound, TV and related fields • Standard on leading microphones 

0 SERIE 
For microphone and related uses. 3 
30a contacts only. Plug shown 03-12. 
Available in 6 basic shapes. Insert I" 
wide. Zinc alloy shell, satin chrome 
finish. Molded phenolic insert. Latch 
lock coupling method. 

For audio, instrument and related 
uses. 1 to 4 contacts I5a max. Re-
ceptacle shown X-3-14. Available in 5 
basic shapes. Insert Dia. .625". Zinc 
alloy shell, bright nickel finish. Molded 
phenolic insert. Coupling held by con-
tact friction. 

hi 

CANNON 
PLUGS 

For audio, TV and instrument uses. 2 
to 8 contacts 30a max. Plug shown 
P3-CG- 11. Available in 16 basic shapes. 
Insert Dia. I". Zinc or steel shells, 
satin chrome finish. Molded phenolic 
insert. Latch lock coupling method. 

For audio, instrument and related 
uses. 3-15a contacts only. Plug shown 
XL-3-11. Available in 14 basic shapes. 
Insert dia. .625". Zinc or steel shells, 
bright nickel and satin chrome finish. 
Molded phenolic insert. Latch lock 
coupling method. 

For audio, instrument and related 
uses. 1 to 4 contacts. 15a max. Plug 
shown XK-3-I I. Available in 4 basic 
shapes. Insert Dia. .625". Zinc or 
steel shells. bright nickel finish. Molded 
phenolic insert. Acme thread coupling 
nut.• 

Similar to XK Series, but weather-
proofed by addition of a rubber bush-
ing, special packing ring within the 
coupling nut and rubber sealing wash-
ers on the retaining screw. Plug shown 
XKW-3-12. Available in 4 basic shapes. 

XKW-B1 SERIES r 
For coaxial cable applications. One 
Standard Cannon type "R" coaxial 
contact only. The coax carries one 10a 
contact for No. 16 B & S wire. Shells, 
coupling ring and mounting flanges are 
same as XKW Series. Plug shown is 
XKW-I11-11. 

For hermetically sealed instruments, 
indicators miniature switches. etc. 3 
to 12 contacts 5a in three shell sizes. 
Shell is cold rolled steel. Inserts ( min. 
dia. . 294") are vitreous material and 
Silcan silicone rubber. Bayonet lock. 

-gar 
U SERIES 

The receptacle SK-N17-32S ( shown) 
and mating plug SK-M7-21C- 12" are 
standard equipment tor the recorder 
connectors used by Telephone Com-
panies as subscribers' voice recorder. 

All connectors shown are stock items for 
Cannon Franchised Distributors. All other 
Cannon Plugs may be purchased from these 
same distributors by arrangement between 
the distributor and the customer. For further 
detail, request RJC Bulletin from factory. 

XL SERIES 

Alegi nkver erne 

"Lhe ultimate audio quick disconnect 
to R.T.M.A. Specs. 3-15a contacts 
only. Plug shown UA-3-1I. Mailable 
in 7 basic shapes. Insert Dia. . 750". 
Zinc or steel shells, satin chrome fin-
ish. Insulation. phenolic with rubber 
seal. Latch lock coupling method. 

For storage batteries, engine starters 
and other high current uses. 2-600a 
contacts. 1—contact to accommodate 
No. 8, 10 or 12 wire for signal or 
starter relay circuits. Molded rubber 
shell. Coupling maintained by contact 
111,11On .11(,,, it is 011-3-21CFS. 

I•or nhiniaturciI nary. radio or audio. 
15 to 50 contacts 5a Plug shown.DA-
15S. Insert is 1.049" long. Cold rolled 
,Icel shell Cadmium Iridite bleached. 
Inserts are molded Nylon. Coupling is 
held by contact friction. 

For heavy duty power, lighting and 
sound uses. 4-30a contacts only. Plug 
shown is MI-4-22. Available in 17 
basic shapes. Insert Dia. 2.250". Alum-
inum alloy shells sand blasted. Molded 
phenolic inserts. Coupling held by 
c,, ntail friction. 

„SERIE, 

- 6 

M1 SERIES 

f:ain 
For TV cameras and cable. Coax con-
tacts available. Insert Dia. 2.250". Plug 
shown LKT-R24C-22-3v". Straight and 
90° shells, ribbed coupling nut, gland 
nut, friction washer, bushing, gland 
washer and packing ring to support 
cable are features. 

CANNON ELECTRIC 
Since 1915 

CANNON ELECTRIC CO., LOS ANGELES 31, CALIF. 

Factories in Los Angeles, Toronto, New Haven. Great 
Lakes Division, Benton Harbor, Mich. Representa-
tives in principal cities. Address inquiries to Cannon 
Electric Co. Dept. 138, P.O. Box 75, Lincoln Heights 
Station Inc A noPIPc 11 (",,tif 

ACT. 
CANNON 
ELECTRIC 



IN THE SPOTLIGHT FOR HAMS 

TURNER MICROPHONES 

TURNER Model 80 Crystal ( center) A com-
pact convenient microphone for increased 
rig efficiency. Excellent response to voice, 
80 to 7000 cps. High quality Bimorph mois-
ture sealed crystal, mechanical and shock 
proofed. Solidly built of die-cast zinc over-
laid with beautiful satin chrome plate. 7-ft. 
attached, single conductor, shielded cable. 
Shown with Turner C-4 Stand. Standard 
58-27 thread. 
Model 80 S15.95 

C-4 Matching Stand _ 5.75 

TURNER Model ADA 95D Dynamic ( right) 

Newest Turner microphone. Superior sound 
characteristics make it ideal for amateur 
work. Maximum sensitivity to voice as-
sured with Alnico V Magnets and moving 
coils. And this graceful beauty sells for 
less. Frequency response, 70 to 10,000 cps. 
Level, -58 db; standard :18"-27 coupler, 20 

ft. removable cable set: high impedance 
wired single ended ( single conductor shield-
ed cable); 50, 200 or 500 ohms wired for bal-
anced line ( two conductor shielded cable). 

ADA 95D Dynamic S35.00 
ADA S95D, with slide switch 38.50 

TURNER 90 Carbon Mobile Microphone 
(left) The answer to mobile amateur opera-
tions. Adds real eye appeal—gives superior 
sound performance — solidly built for last-
ing use. Choice of heavy duty push-to-talk 
switch, on-off relay circuit switch. or on-
off relay switch. Equipped ‘vith 2 or 4 con-
ductor cable, regular or Koiled Kord ( 5-ft. 
extended). Supplied with hook for hanging 
and bracket for wall or dashboard mount-
ing. Response, 200 to 400e cps; level, -42 
db: 200 ohms nominal DC resistance. 
Standard Model SR9OR with 4 conductor 
unshielded Koiled Kord $26.50 

The TURNER Company 
93 1 17th Street, N.E., Cedar Rapids, Iowa 

IN CANADA: EXPORT: 
Canadien Marconi Co., Ad. Auriemo, 89 Brood Street 
Toronto, Ont., & Branches New York 4, N. Y. 



THERE'S AN 

ILLINOIS ELECTROLYTIC CAPACITOR OF 
7e0te 7ecteed 2ceedee9 

FOR EVERY ELECTRONIC APPLICATION 

Seventeen years of successful production experi-
ence, making millions of quality capacitors, has 

created this complete, outstanding line. 

Th i; engineerina and ring exper:ence has enabled ILLINOIS 
CONDENSER COMP, NY to meet every demand for new capacitor 
types, whether for peace or defense applications. with components 
of exceotional value and dependability. 

Illustrated are but a few cl the many capacitor types now manu;actured 
S •CONDENSER. There is a guaranteed ILLI 
y electrcdnic application. Whatever yow re 

NSER. Benefit b - 
and m nce behind the 
Telted ua 

IXPORT DEPT., 15 MOOR! ST., NEW YORK 4, N. Y. 
CABLE “IRIPITHORNI" 

ILLINOIS CONDENSER CO. 1616 N. THROOP ST., CHICAGO 20, ILLINOIS 
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INTERNATIONAL 
RECTIFIER 

CORPORATION 

FL SEGUNDO 

C•1.1,01ZNIP 

SELENIUM 

SELENIUM & GERM 

SELENIUM PHO 

RADIO & TV STACKS 

ICTIFIERS 

NIUM DIODES 

TÓ CELLS 

Half wave, full wave and voltage doubler units with input rat-
ings of 25 to 165 volts AC. DC output current from 65 milliam-
peres to 1200 milliamperes. High quality selenium universal 
replacement Rectifiers for radio and TV sets. Also useful for 
amateur and experimental applications. Can be used in voltage 
multiplier circuits directly from line supply to provide a DC 
voltage output of any multiple of the input voltage. Universal 
mounting. 

ROOSTER AND CON V E I1TE It TVPES 

These miniature Selenium Rectifier units are ideal for replacement in 
TV Boosters. UHF Converters and Record Player Amplifiers. Small. 
compact Provided with pigtail leads for easy wiring into crowded 
spaces Available in half wave units with AC inputs of from 130 to 
165 volts and DC current output of 20 to 50 milliamperes These units 
are very useful for experimental devices, especially if the load current 

¡S 50 milliamperes or less 

wairle7,77Mrlowl 

CR20 

Technical 

information 

on request 

(on your letterhead) 

MUGU VOLTAGE CARTRIDGES 

Designed with ferrule terminals for quick insertion into standard 30-ampere ¡use 
clips. Recommended for use in high voltage power supplies where long life and 
extreme reliability are of prime importance DC output from 1.000 volts at 5 
milliamperes to : i54111 volts ; it 5 mtIllamperes 

IN DI"STR IA I. :IN II POWER TVI•ES 

Typical uses include heavy duty plating, general purpose power 
supplies, cathodic protection. battery chargers and laboratorY 
equipment DC output from 10 volts at 0.4 amperes to 120 volts 
at 13 amperes Available in half wave, center tap and single 
phase bridge units 

WIDEST 

RANGE 
IN THE 

INDUSTRY 

SELENIUM DIODES 

  Designed for stable operation 
in an ambient temperature 
range of minus 60. C to plus 
100. C. Rectifying elements 

are potted in a thermosetting compound for protection 
against corrosion and fungus D(' output voltage from 
20 to 160 volts DC output current average from 200 
microamperes to 11 milliamperes. Assortments avail-
able in kit form Diam from 1/8" to 13/32" Length: 
from 1/4" to 1/2". 

Available 

from your 

Favorite Jobber 

GERMANIUM DIODES 

Available in all types in demand by serv-
ice men. laboratories. experimenters and 
hobbyists. Case diam: 1/4". Case length: 
1/2". Axial pigtail leads for eay solder-
ing and clipping in-
to breadboard set-

s 
Assortment. 

ups.  
available in kit 
form. 

SELENIUM 11110T01 LLS 

When connected directly to the actuating device or the amplifier, current 
of the order of 64N) microamperes per lumen will flow at an external 
resistance of 100 ohms. Available in unmounted and mounted units. 8 
different cell sizes with average output at 100 foot-candles illumination 
of from 75 to 750 microamperes. 

INTERNATIONAL RECTIFIER 
CORPORATION  

1521 E. Grand Ave., El Segundo, Calif • Phone: ORegon 8-6281 
CHICAGO: 205 W. Wacker Drive • Phone: Franklin 2-3889 
NEW YORK: 501 Madison Avenue • Phone: Plaza 5-8665 
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b‘101#itele FIND IT41ERE 
...EVERYTHING OF THE VERY LATEST 

IN ELECTRONICS . . . EVERYTHING 

ON DOWN TO THE LITTLE THINGS 

USUALLY TOO TROUBLESOME FOR 

OTHERS TO LIST AND STOCK. 

You will save time — takes only minutes, at 
times most convenient to you, to order by mail 
the items and quantities you alone decide on 
. . . no waiting for salesmen . . . no breaking 
into your busy hours . . . no pressure to sell 
you more than your needs . . . A "One Stop" 
source for your every need. 

You will save money —  B-A Volume sales per-
mit big buying at savings passed on to you. 
Every page lists many special, big, money-
saving values made possible only by huge B-A 
special purchases. Net prices are shown so you 
can see at a glance what each item costs you. 

1954 B-A 

CATALOG 

NO. 541 

156 

BIG PAGES 

WRITE US 

IF YOU 

DO NOT 

HAVE IT! 

YOU WILL GET 

PROMPT, SPEEDY SERVICE 

Because of always adequate stocks 
and the B-A "Know-How" acquired in 
25 years' experience in the mail order 
Electronic distribution field. The lo-
cation of Kansas City, a foremost 
transportation "hub" . . . in the exact 
"Center of America" . . . days closer 
to Everywhere . . . is more reason 
why you will get faster delivery from 
B-A. 

BURSTEIN-APPLEBEE CO. 
1012-14 McGEE ST., KANSAS CITY 6, MISSOURI 149 



VALPEY OrestaL 
are famous for accuracy! 
Since 1931, Valpey Crystals have earned and maintained a foremost reputation in aiding 
amateur and professional electronic engineers in experimentation and development.,A portion 
of the line of crystals is shown here. 

COMPACT-HERMETICALLY 
SEALED 

Type VR6, hermetically sealed in 

compact metal case, has 1500 
to 75000 Kc. frequency range. 

For mobile or fixed stations, 
VHF and experimenttl work. 

Vertical mount for . 486" spacing 
special crystal socket. Jan type HC6. 

FOR FREQUENCY 
STANDARDS 

Type XL100, with a frequency 
of 100 Kc., is used extensively 

in frequency standards. Mounts 
in 1/4 " spacing crystal socket 
or the standard 5-prong socket. 
Compact and dependable. 

FOR ALL TYPES 
OF APPLICATIONS 

Type CM1, ideal for marine, 
police, aircraft and general 
applications has frequency 

range from 850 to 20000 KC. 
Fixed air-gap; vertical mount; 

available in standard 1/4 " 
spaced pins and GR 1/4  ", % " , 7/e" 

or . 850" spaced pins. 

FAVORITE OF 
AMATEURS 

Type CM5. Frequency range 1500 
to 30000 Kc.; used extensively 
for marine, police and other 
mobile or fixed stations. Fits 
Valpey Xtalector for instant, 
accurate frequency shift; fixed 
air gap, vertical mount, standard .486" 
spacing socket or standard octal socket. 

AUTHORIZED FOR 
BROADCAST USE 

Type CBC-0 Used widely by 
broadcast, fixed stations and 

frequency standards. Frequency 
range 60 to 10000 Kc. Available 

with 6, 8, or 10 volt over 

plus- minus 1/2 degree C. 
temperature stability. Micrometer-

adjustable air- gap. Mounts in 
standard 5-prong socket. 

HIGH 
ACCURACY 

Type DFS Features 
separate 100 and 1000 Kc. 
crystals in one compact 
mounting, with accuracy 

plus or minus .005% over range 
of minus 10'C to plus 60 C when used in 
recommended circuits. This is a Valpey development 
for secondary standards and receiver calibration. 

SINGLE OR DUAL 
CRYSTALS 

Type VD5 Frequency range 1000 
to 6000 Kc. Single or dual 

crystals, popular for marine, 

aircraft and police applications. 
Mounts in special 3-prong socket. 

For additionai details on these or other types write: 

VALPEY ( 

150 

FOR FIXED OR MOBILE 
TRANSMITTER-
RECEIVERS 

Type VDO Frequency range 1000 
to 10000 Kc. Used for railroad 
and bus communications, fixed 
or mobile units. Single or 
dual crystals with 6 volt over 
plus-minus 1/2 degree temperature 

stability. Mounts in standard 5-prong socket. 

j(rel CIMPORATION 
1200 HIGHLAND ST., HOLLISTON, MASS. 



Where Dependability counts, 151 
Use HMIITE, 

RHEOSTATS 
ntly smooth, close 

control, All-ceramic vitreous enam-
eled: 25, 50 75, 100, 150, 225, 300, 
500, 750, and 1000-watt sizes. 

"BROWN DEVIL" RESISTORS 

eled resistors for voltage dropping, 
bias un ts, bleeders, etc. In 5, 10, and 
20- watt sizes, values from 0.4 to 
100,00C ohns. 

"LITTLE DEVIL" RESISTORS 

each narked with resistance and 
wattage — IA, I, and 2- watt sizes, 
-1.-10% or ±-5% tol. 10 Ohms to 22 
In• TS. 

Write for 
Stock Catalog 

No. 24 

Resistance ad in c ace 
and protected by v,treous enamel. 
Stock sizes- 25, SO 100, 160, and 200 
watts; values 1 to 250,000 ohms. 

ADJUSTABLE RESISTORS 
e me adjust-

able to the value needed. Adjuvable 
lugs can be attached for multi- tap 
resistors and vo4oge dividers. Sizes 
10 to 200 watts, to 100,000 ohm. 

R. F. CHOKES' 
on low power 

factor cores, with moisture • * roof 
coating. Seven stosk sizes, 3 tc 520 
mc. Two units rated 600 ma, c'hers 
1000 ma. 

Compact, high- current rotary selec-
tors for a-c use. All ceramic. Self-
cleaning silver- to- silver contacts. Rat-
ed at 10, 15, 25, 50, and 100 amperes. 

RECISION RESISTORS 
el -enam-

eled, vacuum- impregnated, or glass. 

sealed. Tolerance -± 1%, i• 1/2 and 
1-watt sizes, from 0.1 to 2,000,000 
ohms. 

DUMMY ANTENNA 
.led units 

ore practically nonreoctive within 
their recommended frequency range 
In 100 and 250-watt sizes, 52 to 600 
ohms, 

,Madliirir__ 

OHMITE MANUFACTURING COMPANY 
3608 W. Howard St., Skokie, III., ( Suburb of Chicago) 

Fe Zeta we HMllTI ® 
roLicincrATc nrcieTt-tne rAIS c‘asi-re•sirc - e'lle\l/rC 



SHURE MICROPHONES 
rç 

Field A from SHACK to CAR! 
proved 
In the Shack . . . 

This sturdy Controlled Reluctance unit is designed to 

handle the most severe requirements of amateur broad-

casting, paging, and dispatching systems. It provides 

high speech intelligibility, makes your messages instantly 

understood. The "Dispatcher" has a 2-conductor shielded 

cable, and is wired to operate both microphone and 

relay circuits. Firm downward pressure on the grip- bar 

locks the switch. The "Dispatcher" is immune to severe 

conditions of heat and humidity. Output is 52.5 db 

below one volt per microbar. High impedance. Furnished 

with 7-foot cable. 

In the Car . . 

A high- quality carbon microphone specially designed 

for mobile equipment. Used throughout the world for 

Horn, Police, Fire, and Transportation Services— more 

than all other makes combined! Rugged, dependable 

unit with clear, crisp voice response and high output. 

Fits snugly into palm of hand. Heavy duty switch for 

push-to-talk performance. Furnished with bracket for 

wall mounting, plus coiled- cord cable. Output level: 

5 db below 1 volt for 100 microbar speech signal. 70 

to 80 ohms impedance. 

Model 52051. 
List Price $38.50 

Cable Switch Arrangement List Price 

— 10IC Standord Coded Cord I I $27.50 
retracted; 5' extended 

Tinsel Coiled Cord I I" r e-
101E trocted, 5' extended with 

Amohenol MC4M Connector 

Stondord Coiled Cord 11^ 
102C retrocted ; 5' extended 

102E 
Tinsel Coiled Cord II" re• 
trocted; 5' extended with 
spode lugs 

Standard Coiled Cord 11" 
retracted, 5' extended with 
Amohenol MCIM Connector 

Two Wire Relay 
Switch normally open. 
(No microphone switch) $32.50 

Relay normally open 
Microphone switch 
normally open. 

$27.50 

$30.00 

103 
Two Wire Relay 
Switch normally open. 
(No microphone switch) 

$29.00 

Micrebar = one dyne per sq. cm. 

SHURE BROTHERS, 111C. * Microphones and 
Acoustic Devices 

225 West Huron Street, Chicago 10, Illinois • Cable Address: SHJREMICRO 
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the THIRD DIMENSION 
of SERVICE  

Not plane, ordinary service, but Service that is 

backed up by a depth of procurement and mer-
chandising experience that makes your needed 

electronic parts and equipment come at  you so 
quickly you will jump ( for joy)! 

NEW! 

1300- PAGE 
CATALOG 

to Purchasing 
Agents and Chief 

Engineers! This latest $6.50 
encyclopedia of electronic 
parts and equipment sim-
plifies your research for 
product information. Your 
request to our Industrial 
Sales Department, on your 
company letterhead, will 
bring you a copy of this big, 
useful book without charge. 

NOW: Available to indi-
viduals on a cost sharing 
basis. Send only $ 1.95 for 
your copy, postpaid. 

Your Electronic Equipment 
SUPPLY LINE 

Starts from HARRISON's 
BIG "Single-Source" INVENTORY 

Our large New York and Jamaica s:ores and ware-
houses bulge with the products of over 200 world-
famous manufacturers! That's why "Harrison Has 
It!" means fast service on ALL your requirements 
. . . from a transistor to a complete station or 
laboratory. Remember too, we're not limited to our 
tremendous "in stock" inventory, but also have 
excellent contacts for those special, hard-to-get 
items you need in a hurry. 

Large scale purchasing and efficient business 
operation enable us to sell everything at the 
lowest possible prices. Every item and transaction 
is backed by a 29-year reputation for integrity 
that insures yotir complete satisfaction. 

Our sales and expediting staffs include active 
hams, technicians and industrial procurement 
specialists with the know-how to speak your 
"language." They're a friendly, conscientious 
crew, eager to save you time and money! 

BArclay 7-7777 FIRST! 

for 

AMATEUR — INDUSTRIAL— GOVERNMENT— SERVICE 

Electronic Materiel ... Since 1925 

Cable Address - HARRISORAD 

HARRISON RADIO CORPORATION 

225 GREENWICH ST. • NEW YORK 7, N. Y. 

(JAMAICA BRANCH: HILLSIDE AVENUE AT 145th STREET) 
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know 
from your own 

experience 
that Cornell-Dubilier products 

are time-tested 

_Consistently Dependable 

High and Medium Voltage Trans-
mitter Capacitors in all popular 
capacities. 

Disc and hi-voltage ceramic 
ca pacitors. 

Auto radio, heavy duty, railroad Receiver and transmitter capacitors. 
converter vibrators. 

Vibrator-powered converters and 
inverters. 

CDR Rotators, TV-AM-FM and Auto 
Antennas. 

CORNELL-DUBILIER ELECTRIC CORPORATION 
PLANTS IN SOUTH PLAIIIIIELD. N. J NEW DEOPORD. WORCESTER ANO CANRRIDGE, MASS.: PROVIDENCE, I. I.; 

INDIANAPOLIS. 1110, POQUAI SPRINGS. N G.: AND SUISIDIART. THE RADIART CORP..   OHIO 
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HY-LITE AMATEUR ANTENNAS 

3E1OF 

THE FAMOUS INSULATED STANDARD 
6, 10-11, 15, 20 METERS • 2, 3, 4 ELEMENTS 
Quickly and easily assembled, the HY-LITE ROTARY BEAMS 
are ideal for any transmission location. They are built ruggedly 
and will stand up under stress and strain far beyond that 
encountered under actual use. 
The elements on the 6, 10-11 mtr. beams are made of Y." and 
./.." telescopic aluminum tubing of the highest grade. I The 
elements of the 15 & 20 nor. beam are of 1" and 'Is" tubing,) 
with locking clamps for securing after tuning. The elements 
are supported on heavy Steatite insulators. Strong aluminum 
castings support the reflectors and directors and the antenna 
elements. 
The HY-LITE ROTARY BEAMS are rigid and sturdy and mounted 
on a standard size 6' mast. 
Any BEAM can be purchased and later a BEAM of o different 
frequency added to the original. Stacked array can be had 
in any combination on order. 
6, 10 & 15 meter beams supplied with . 1 and . 15 spacing. 3 
element 20 meter units supplied with 075 & 1 spacing. 

FULLY ADJUSTABLE • ALL ALUMINUM • PRICED RIGHT 

THE ALL- GROUNDED SKY-LITE 
6, 1 - 1 1 METERS • 2, 3 ELEMENTS 

Lightest Beam ever built by HY-LITE. Beam complete includes 
PD 3E10 Mast. Con be assembled and adjusted in less than 30 minutes 

by one man with only a screw driver. Element lengths and 

spacing fully adjustable. Will withstand high winds and gale, built of all durai tubing and rigid aluminum castings. 
Elements are 3/4 " and 1/4 " diameter, boom is heavy wall 1". "T" match is adjustable by movable castings to 
match 300 ohm line. So light it can be rotated with almost any TV antennae rotator. Completely grounded. Good 
lightning protection. No wood used. Good forward gain and front to back ratio. Very little sag in either boom 
or elements. Using . 1 and . 15 spacing. 6 meter or 10 meter can be added separately at later date for stacking 
Full instructions are given for length of elements and spacing at different frequencies 

WATCH OUR ADS IN QST FOR CURRENT PRICES 

meter 
arrays 

Can be mounted for horizontal pain,. 

torran  built of all ducal tubing. All 
lements are grounded. Excellent for-
ward gain and front to back ratio. 
Boom is I" diameter hard tubing. Us-
ing 2. 2, and . 25 spacing. Elements 
are % and I" outside diameter. Unit 
is supplied with clomp to fit any size 
most up to I '6 inch outside diameter 
no mast is included with unit.) So light 

it con be rotated with almost any TV 
Antennae Rotator. Each four element 
unit weighs under 3 lbs. — 16 Element 
unit weighs approximately 12 lbs. 
Mode to match 300 ohm line. Con be 
stub matched for use with low im-
pedance coax 

A FULL LINE OF 

11 H f- II 11F 
IM- TV 

ANTENNAS 
YAGIS • CONICALS • 

SINGLE and DOUBLE Vi • 

CORNER REFLECTORS • 

BOW TIES • SPECIALS • 

.7744 
CATALOG tiF-12 

.10U1St 

300-375-450 OHM OPEN WIRE  LINE in 100 FOOT SPOOLS  

aPeate-11111:KÍT11111111 
HIGH GAIN • OMNIDIRECTIONAL • CD • POLICE • FIRE • HAM 

These famous revolutionarily designed antennas ore the design of 'Doc' Ross, W2NGA. 
Real gain is offered over a ground plane and conventional type all-direction antennas. 
Featuring the same all aluminum construction for which HY-LITE is famous. the OUADS 
ore ideal for service other than, as well as, amateur; CD Headquarters, Police Stations, 
Fire Stations, Aircraft towers or any application where omnidirectional signals with 
added gain is desirable. Impedance at antenna is approximately 300 ohms but in-
structions for balun matching for 52 or 72 ohm coax is included. QUADRAPOLE owners 
con obtain an additional QUAD and matching stub to assemble the ROCKET QUAD at 
reasonable cost. Complete with all hardware less mast. 

HY-LITE 

BEAMS 
HY-LITE 

BEAMS 
HY-LITE 

BEAMS 
HY-LITE 

BEAMS 
HY- LITE 

BEAMS 
HY-LITE 

BEAMS 
HY-LITE 

BEAMS 
HY-LITE 

BEAMS 
HY-LITE 

BEAMS 
HY-LITE 

BEAMS 
NY -LITE 

BEAMS 
HY-LITE 

BEAMS 
HY-LITE 

BEAMS 
HY-LITE 

BEAMS 
HY-LITE 

BEAMS 
HY-LITE 

BEAMS 
HY-LITE 

BEAMS 
HY-LITE 

BEAMS 
HY-LITE 

BEAMS 
HY-LITE 

BEAMS 
HY-LITE 

BEAMS 
HY-LITE 

BEAMS 
HY-LITE 

BEAMS 
HY-L I TE 

BEAMS 
HY-LITE "Acteduree inc., 243 EAST 137th STREET, NEW YORK 51, N. Y. 
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me are now in our own new, air conditioned four story building with 
three times as much space as we had formerly. Greatly expanded 
stocks give you a wider choice of selections of the latest and best in 

electronic parts and equipment for use in Amateur, Broadcast, Indus-
trial, Research and Educational applications. For your conTenience 
we now have air conditioned High Fidelity Audio and Amateur demon-
stration rooms. Drive-in customers will find it easier to park here. 

For faster service mail or phone your orders to Camera 

SINCE 1919 CAMERADIO CO. 

156 
1 1 2 1 PENN AVENUE 

PITTMURGH 22, PA.W11" 
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SPRRGUE 
36 C 

SPfilIGUE 
29E 

FOR YOUR RIG! 

SPRAGUE CAPACITORS 
HYPASSe—feed-through 
capacitors for bypassing 
harmonic currents in trans-
mitters and for eliminating 
v-h-f interference from a-c 
mains and control circuits. 
Ideal for eliminating TV! 
...developed to meet trans-
mitter needs outlined by 
ARRL Headquarters. 

FILTEROL@—line filters for 
suppressing "man-made" 
radio noises and television 
"scrambles" on practical-
ly any application. Small, 
self-contained, and easily 
installed, Filterols provide 
maximum noise sup-
pression. 

CERA-MITE* — the first 
complete line of miniature 
disc ceramics. Tough, de-
pendable, and inexpensive. 
A type for every use—GA 
(General Application), 
high-K, and temperature. 
compensating. 

METAL-ENCASED PAPER 
CAPACITORS — long a fav-
orite with amateurs, these 
metal encased capacitors 
are impregnated and filled 
with KVO, the efficient di-
electric material. Long-life 
and reliability are out-
standing. 

TE LECAP* — phenolic 
molded paper tubulars as-
sure maximum dependabil-
ity under extreme heat, 
humidity, and shock. 
These Black Beauties are 
oil-impregnated in ratings 
from 600 to 12,500 volts. 

ATOM® — metal - encased, 
dry electrolytics are engi-
neered especially for tough 
television replacement ap-
plications. Small enough 
to fit anywhere, Atoms 
withstand punishing 85°C. 
(185°F.) temperatures. 

TINIST-LOK*—dry electro-
lytics, sealed in aluminum 
cans with twist-prong tabs 
for washer or direct-to-
chassis mounting. Top de-
pendability in small size 
at 85°C. ( 185'F.). Sprague 
makes more ratings than 
any other manufacturer. 
Ideal for TV servicing. 

MICAS—of maximum qual-
ity for R-F applications 
where high "Q" and high 
insulation resistance are 
required. There is a 
Sprague mica capacitor for 
even amateur requirement, 
from tiny half "postage 
stamp" types to giant 
ceramic-jacketed types. 

KU:101W RESISTORS 
The only resistors wound with ceramic coated wire and 

doubly protected by a glazed ceramic housing and unique 
end seal to guard against moisture. Wires cannot short. 
Koolohms can be mounted anywhere, even flat against a 
chassis or grounded parts. They can be used safely at full 
wattage ratings. 

*TRADEMARK 

WRITE FOR CATALOG C-609 OR 

SEE YOUR RADIO PARTS SUPPLIER. 

SP.RAS 
PIONEERS IN 

SPRAGUE PRODUCTS company 
(Distributors' Division of Sprague Electric Co.) 

North Adams, M 00000 haunts 

E 



SENILE Since 1927 

"Supreme by Comparison" 

MULTI-METERS 
The Supreme Model 543 ( left) and Model 542 
(right) volt-ohm-milliammeters have become real 
companions to maintenance men everywhere. 
Both instruments are the same size ( approx. 
6 x 3 x 2 inches) and are available in either the 
moulded " B" style case ( illustrated) or the 
metallic type case with leather handle and meter 
protector shield ( Style " M "). Model 543 has 4 
functions and 12 ranges and the Model 542 has 6 
functions and 24 ranges. 

Model 5438 
Model 543M 
Test Leads 

$24.60 
$28.30 
$ 1.40 

Model 5428 
Model 542M 
Test Leads 

MINIMETERS 

$27.70 
$32.10 
$ 1.40 

WRITE FOR ADDITION. \ I, I NFORIS,IAT ION: For prompt action, address your request for 
illation to SUPREME, INC., Attn: 1113-4, 1754 CARROLTON AVENUE, GREENWOOD, MISSISSIPPI. 
la addition to the items illustrated above. Supreme also makes Oscilhiscopes. Tube Testers, Signal Cenerators, 
and special purpose instruments for both government mid industry. Special instrument pn,blems are wel.,,me. 

About the size of a cigarette pack, these fine 
little multi- range, single function in 
have found their way into a lot of shirt and 
vest pockets of electrical troubleshooters. Con-
venient size and durable construction for 
portability. Built with highest quarity materi-
als and workmanship for dependability. Quan-
tity production for a budget price. Model 440 
Ohmmeter only S12.90 complete with test 
leads. Other functions available front S10.65 
to S14.50. 

PANEL METERS 
Leading manufacturers of electrical and 
electronic devices select Supreme me-
ters for use in their products because 
they are quality built and dependable. 
Supreme meters are supplied for end 
equipment uses in a variety of sizes and 
designs " customed 1, meet the need 
for special scales, dials and case appear-
ance. A sketch or drawing of your 
meter needs will bring you a prompt 
quotation and delivery schedule from 
Supreme. 

)t # 
VIDEO GENERATOR à • •• 



ADVANCE 
RELAYS 

FOR EVERY APPLICATION 

DM2C 
(Formerly 3048F) 

PC1C 
(Formerly 9538) 

PV1A 
(Formerly 961C) 

AT2C 
'Formerly 400) 

AH2C 
(Formerly 1000) 

LE2C 
(Formerly 6048) 

0E2B 
(Formerly 750A) 

• SV1C 
• ( Formerly 1200) 

1- • 
• 

AM2C 
(Formerly K150412F) 

MG2C 
(Formerly K1504) 

• CRIC 
(Formerly 7200) 

ADVANCE 

- 
R E LAYS 

PC2C 
(Formerly 9648) 

COMMUNICATIONS 

AIRCRAFT 

ELECTRONICS 

INDUSTRIAL •-r--=--ir;-"r' IL 

Whatever your relay requirements may 
be, and whatever you need in the way of 
specialized facilities, ADVANCE is 
equipped to help you. 
Here are capable personnel and modern 
machines of a specialized organization 
with a 37-year record of successful 
operation. 
Here are unexcelled facilities for the 
development and production of preci-
sion relays for general industry. 

TYPE USE CONTACTS COILS DIMENSIONS 

DM Time Delay 10 Amps DPDT 
6-12-24-110-220 A.C. 
6-12-24-48- 
110-220 D.C. 

1% 2% 3% 

PV Power Transfer 30 Amps SPDT 
1 to 440 VAC 
1 to 220 VDC 

1% 2 3 

AH Antenna 1/2 KW 3PDT 
1 to 440 VAC 
1 to 220 VDC 1 6 1% 2% 

OE Overload 10 Amps DPDT 
1 to 440 VAC 
1 to 220 VDC 2% 2% 4% 

AM Antenna 14 KW DPDT 
1 to 220 VAC 
I to 150 VDC 1% 1,(6 1% 

PC Power Transfer 10 Amps 4PDT 
1 to 440 VAC 
i to 220 VDC 1% 1% 2% 

AT Antenna 1 KW DPDT 1 tO 440 VAC 
1 to 220 VDC 

1% 23% 31,f6 

LE Latching 10 Amps DPDT A2650juseAtAabtl0e 500 MA 2y8 2y2 3.541 

SV Sensitive 1 Amp SPDT 
i to 40,000 
OHMS 11/2 2 25(6 

MG Miniature 13% Amps 3PDT 
I to 220 VAC 
1 to 150 VDC 1% 1% 113f6 

PC Power Transfer 10 Amps 4PDT 
11. ttoo 42240o vvAoco 1 6 1% 2% 

CB Coaxial 8/10 KW SPDT : :o o 424200 VDC 
3%4 13f6 3e(6 

Illustrated are a few typ'cal examples of 
the ADVANCE relay line. The complete 
line includes sensitive, midget, midget 
telephone, keying, instrument, time de-
lay, overload, transmission line, hermet-
ically sealed and ceramic insulated types 
and variations. 
For accurate circuit behavior ... lower 
unit cost ... increased efficiency ....and 
uniformly high quality relays — 
specify ADVANCE. 

Write for new, descriptive Catalog containing detailed information 

about ADVANCE Relays and facilities. 

ADVANCE ELECTRIC AND RELAY COMPANY 
2435 NORTH NAOMI STREET, BURBANK, CALIFORNIA 

Sales Representatives in Principal Cities of U. S. and Canada 



BOB 
HENRY 

SAYS 

"When you deal with Bob Henry I want you to be entirely satisfied, 
get the lowest wholesale price, the quickest service, the best trade-in and 
the best time sale plan financed by me with the least red tape and the 
lowest carrying charges. I want everything to be entirely satisfactory. 
It will pay to contact me by mail, phone, or telegraph about any equipment. 

"I want you to say, 'You can bet on Bob Henry for the best.' " 

Butler 1, mi:souri 

Phone: 395 HENRY RADIO STORES 
11240 Olympic Blvd. 

LOS ANGELES 64 

BRadshow 2-2917 

LARGEST DISTRIBUTORS OF SHORT WAVE RECEIVERS" 



YOU CAN BET ON 
FOR THE THE BEST- HE HAS IT! 

• 

31 REASONS WHY hallutrafters SX88 
IS HAM NEWS AT BOB HENRY'S: 

1. Heavy gauge steel welded chassis 
for mechanical stability. 

2. Full precision gear drive for main 
and band spread tuning. 

3. Six position Band Width Control 
(selectivity) from 250 cycles to 10 
kc. 

4. 10 watt inverse feed back and push-
pull audio output. 

5. Exhalted B.F.O. for tops in single 
side band reception. 

6. Buffer amplifier in B.F.O. circuit. 
7. Antenna trimmer. 
8. Amplified and delayed A.V.C. 

9. Built-in 100 kc calibration crystal. 
10. Second conversion oscillators crys-

tal controlled. 

11. Inertia tuning ( fly wheels both 
dials). 

12. Full frequency coverage from 535 
kc to 33 mc. 

13. Calibrated electrical band spread 
160, 80, 40, 20, 15, 11, and 10 meters. 

14. Logging scales on each tuning shaft. 
15. Dial locks on each tuning shaft. 
16. Tuning dial indicators resettable 

from front panel for maximum cali-
bration accuracy. 

17. Auxiliary A.C. socket on rear of 
chassis. 

18. Illuminated band-in-use indicator. 

19. Illuminated S meter. 

20. Dual S meter calibration S units 
and microvolts. 

21. Auxiliary power socket plus .6 amps 
at 6.3 volts and 10 ma at 150 volts 
for accessories. 

22. Standard 834'" by 19" panel for rack 
mounting if desired. 

23. 50 kc i.f. output jack via cathode 
follower for teletype converter, etc. 

24. Five position response control ( tone 
control). 

25. Two r.f. stages ( Bands II to VI). 

26. 17 tubes plus voltage regulator, bal-
last tube and rectifier. 

27. Automatic noise limiter circuit. 

28. Phono Jack. 

29. Audio output transformer for 3.2, 
8, 500/600 ohm loads. 

30. Fuse for overload protection. 

31. Auxiliary sensitivity control per-
mits monitoring of local transmis-
sions in standby position. 

PRICE $499.50 SUBJECT TO CHANGE WITHOUT NOTICE. 

BOB HENRY SAYS-" I offer you the lowest prices, 
the easiest terms, top trade-ins, my personal atten-
tion to your sati4action. Get my offer before 
you buy." 

Butler 1, Missouri 

Phone: 395 

HENRY RADIO sToREs,14,0A.Ni7EpLiEc,B61v4c1. 
'LARGEST DISTRIBUTORS OF SHORT WAVE RECEIVERS'' 



YOU CAN BET ON trb c\.4 
FOR THE BEST HE HAS IT! 
THE NEW 

"COMMUNICATOR" 

Ideal for Amateur • Civil Defense • C.A.P. Com-
mercial Activities • Fixed-Mobile • Airport Unicorn. 

Superheterodyne receiver is complete with 6l3Q7 Caseode 
rf stage, 3 stages if, and employs the famous GONSET 
NOISE CLIPPER circuit,. Tuning eve metering on all 
stages ineluding transmitter antennit, circuit (indicates 
max, transmitter output). No external meter required. 
Transmitter employs 8 me. erystals for stability. Modu-
lator tun be used for P.A. system, for emergency and Cl) 
work. $209.50 Including Federal Excise Tax (less micro-
phone and crystal). For deluxe model with Squelch add 

THE 

THE NEW 

"SUPER CEIVER fI 
MOBILE RECEIVER 

The Super-ceiver combination consists of three elements: IIF tuning 
head, which may be a Super-Six or other standard, good quality con-
verter, a control box and the all-important Model 3041 unit, the heart 
of the combination. The latter is actually a crystal controlled, super-
heterodyne receiver with input circuits fixed-tuned to the output fre-
quency used for the average converter. ( 1430 kc for Super Six? Six 
band operation, ( 10-11-15-20-40-75) when used with "Super Six.' 

"Finger-tip control" with remote control head 2" high to match 
Super Six converter. 
COMPACT! Model 3041 unit is 6h" wide, 6,..1" deep and 5)4" 
high. Control head is 5" wide, 3h" deep, 2" high. 

Convertible (dual) 6-12 volt pack. $119.50 Including Federal 
Exei,e Tax. ( Priee does not inelude Soper Six invertir 

"SUPER 6" THE "COMMANDER" 

A Six Band Amateur Converter covers the amateur 10, 
11, 15, 20, 40 and 75 meter phone bands with lots of 
bandspread. Also covers 6 mc. (49 meter) nighttime and 
15 mc. ( 19 meter) daytime Short Wave broadcast bands, 
therefore ideal for BC reception in remote areas where 
standard broadcast reception is poor. Very high sensitiv-
ity on an 8 ft. whip antenna. Low drift, noise factor, and 
image response. Net $52.50. 

SOI HENRY SAYS— 

"I offer you the lowest prices, the easiest terms, 
top trade-ins, my personal attention to your satisfaction. 
Get my offer before you buy." 

se oPe 

35-50 watt MULTI- BAND TRANSMITTER 
FREQUENCY RANGE: 1.7 to 54 Me. continuous. 
TUBES: R.f. — 6A07, 6146. A.f. — I2AT7, 2-6AG5's 
POWER REQUIREMENTS: 300 volts d.c. at 200-225 ma. (phone) 
and 6.3 volts a.c. or d.c. at 3.15 amp. 35 watts input on phone, 50 
wattion C. W. 
MODULATOR: Class Allr beam tetrodes and integral high level 
speech clipping (requires no adjustment) permit heavy modulation 
without splatter. 
MICROPHONE INPUT: Any standard carbon or p.a. type high 
impedance dynamic or crystal. No optional model or preamp re-
quired for crystal mike. 
ANTENNA FEED: All conventional feed lines including COAX, RIB-
BON, and OPEN LINE, or DIRECT TO MARCONI ANTENNA. 

SIZEt Very compact: Ws" high by 8,Je wide by 73e deep. Suitable 
for under dash mounting. 
(Completely wired and tested, with all tubes, and including two 
high-Q final tank coils which cover 10-11, 15, 20, 40, 75, and 80 meters. 
Final coils for other frequencies are available separately.) Model 
;3016 — Net $124.50 

Butler 1, Missouri 

Phone: 395 HENRY RADIO STORES 
112 4 0 Olympic Blvd. 

LOS ANGELES 64 

BRodshow 2-2917 

''LARGEST DISTRIBUTORS OF SHORT WAVE RECEIVERS' 



YOU CAN BET ON 
FOR THE BEST HE HAS IT! 

FROM RADIO COMPANY, 

BOB HENRY OFFERS : 

32V-3 VFO TRANSMITTER 

A bandswitehing, gang-tuned amateur transmitter. Rated at 
150 watts input on CW, 120 watts phone, this little receiver-
size rig has the kick of a kangeroo, and its excellent audio 
provides extraordinarily good readability. The :32V-3 covers 
the >30, 40, '.!1), 15, 11 and 10 meter ham bands. It is thor-
oughly filtered and shielded to minimize the possibility of 
TVI. Price $775.00 

75A-3 RECEIVER 
Makes use of the new Collins mechanical filter which repre-
sents an entirely new approach to the attainment of selec-
tivity. The 75A-3 is a double conversion superheterodyne for 
top performance on the 160, 80, 40;20, 15, 11 and 10 meter 
bands. Only the band in use is shown on the slide rule dial. 
The bandspread dial is accurately calibrated directly in kilo-
cycles. Vernier zt.ro set control on front panel. 75A:à less 
speaker $530.00. Speaker in cabinet $20.00. 8R1 crystal 
calibrator 825.00. 148C-1 NBFM adapter $22.50. 880 cycle 
filter $55.00. 6kc filter $55.00. 
75A-2 RECEIVER Same as the 75A-3 except without 
mechanical filter. Price $420.00 

KW-1 TRANSMITTER 
Engineered for maximum power allowed by your license. Its 
input is a full 1000 watts on phone or CW. The entire trans-
mitter, including power supply, is in one attractive cabinet. 
Complete bandswitelnng of the exciter, drive and power 
amplifier by a single control on the front panel. It covers all 
bands from 10 through 160. TVI reduction is accomplished 
by well engineered shielding and filtering. It's as easy to 
handle as a 32V-3. Price $3850.00 

BOB HENRY SAYS— 

"I offer you the lowest prices, 
the easiest terms, top trade-ins, my personal 
attention to your satisfaction. 
Get my offer before you buy." 

/IQ 

11240 Olympic Blvd. 
Butler 1, Missouri HENRY RADIO STORES LOS ANGELES 64 

BRadshow 2-2917 

"LARGEST DISTRIBUTORS OF SHORT WAVE RECEIVERS" 



Shunte 1 PANEL METERS 

MODEL 550-AC MODEL 650-DC 

POPULAR WITH HAMS BECAUSE THEY'RE ... 
Rugged  - Exceptionally high ratio, torque to weight, for fast pointer response. 

Sturdy construction throughout. Molded inner unit with internal and 
external locking nuts for maximum rigidity. 

Good Looking Dials are metal so they stay attractive in spite of age and moisture. 
Metal cases throughout with rich telephone black finish. Concealed 
coils and good, readable scales. 

Well Designed AC meters are double-vane repulsion type using hair-spring and 
jeweled bearing. Most DC meters are polarized-vane solenoid type. 
High internal resistance voltmeters available in popular ranges. 
Accuracy well within 5%. 

Guaranteed For one year from date of purchase against defective workmanship 
and material, and will be repaired or replaced if' sent to the factory 
postpaid with 40¢ handling charge. 

Priced Right For instance, the meters pictured above are priced at 
Model 950, 0-100 DC Ma $1.60 
Model 650, 0-10 DC Amps  1.55 
Model 550, 0-150 AC Volts  3.30 

Other meters are correspondingly reasonable in price. You get the 
benefit of low costs made possible by large quantity production. 

A Complete Line All of these features are available in 323 ranges and types; AC, DC, 
Voltmeters, Ammeters, Milliammeters, Resistance Meters. For in-
stance, DC Milliammeters are made in 65 types and ranges. The 
newest meters are a 0-3 DC Milliammeter with 500 ohms internal 
resistance and built-in zero adjustor with ten times the sensitivity of 
previous 0-3 DC Milliammeters, also a 0-1 DC Milliammeter with 
1000 ohms internal resistance and zero adjustor. 

Available. .  Stocked by leading electronic parts distributors in a wide variety of 
types and ranges. For prompt shibment, contact the authorized 
Shunte distributor nearest you. 

THEY'RE TODAY'S BEST VALUE 
Ask for Catalog Sheet F-560111, latest revision 

e SHURITE METERS • 89 Hamilton Street, New Haven 8, Conn. 

• 
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Flybacks: Universal replacement with complete installation data. 
Exact replacement for the "big 10" *where necessary. 

*RCA— Zenith—Motorola—Admiral— etc. 

Transformers: Complete coverage of the replacement market. 

1F-RF Coils: A complete line constantly expanding to meet 
current and future needs. 

Merit Replacement Data: #405 TV "Rep!" Guide—#3 Auto Radio 
replacement guide—#10 comparative transformer part 
nos.—#14 comparative coil part nos. 

• Listed in John Rider's Tek-File and Howard Sams' Counter Facts 
- and Photo Facts—Tape Marked* to help you. 
*originated by Merit 

1 Merit Coil and Transformer Corp. 4425 N. Clark Street, Chicago 40. 



D. BRILL 
has 

Complete 
Stocks 

C-TYPE A lt 

With Leads 

S-TYPE 
Lug terminals 

200 Page W. D. BRILL Buying Guide 

Write for your FREE copy of the latest 
W. D. BRILL Catalog — the complete 
Buying Guide for all Amateur and Indus-
trial Electronic Equipment. Features 
the widest selection and largest stocks 
of equipment — includes the CHICAGO 
Transformers you need. Get and use your 
200 page W. D. BRILL Catalog now. 
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H-TYPE 
Meets all 
MIL- T-27 

specs 

c DUI 
AMATEUR & INDUSTRIAL 

"Sealed- in- Steel" TRANSFORMERS 

THE WORLD'S TOUGHEST 

Hermetically- Sealed Units 

WE STOCK THE COMPLETE LINE 

We can supply the complete line of 
CHICAGO " Sealed-in-Steel" 

Transformers — units designed to fit 
today's amateur circuits . . . units to 
meet all MIL-T-27 specifications 
for military requirements ... units for 
a wide range of industrial 
applications. Whatever your 
transformer needs, there's nothing 
tougher, nothing better than 
CHICAGO " Sealed-in-Steel" units — 
and BRILL has them in stock for 
quick shipment. Order from your 
BPILL Catalog for prompt delivery. 

1954 
CATALOG OF 
INDUSTRIAL 
ELEGRONIES 

RADIO AND 
TELEVISION PARTS 

UST EQUIPMENT 

FIAM GEAR 

W. D. BRILL COMPANY 
198 10th STREET 

OAKLAND 7, CALIF. 

Phone: TEmplebor 2-6100 



THE NEW MODEL 770-A 

The FIRST Pocket-Sized 

VOLT- OHM MILLIAMETER 
USING THE NEW " FULL-VIEW" METER 

75 D.C. 

30 A.C. 
Is D.C. 

15 A.C. 
7.5 D.C. 

MODEL - 770.41 

SPECIFICATIONS 

5 A.C. VOLTAGE RANGES. 

0-15/30/150 3001500 3000 
Volts 

D.C. VOLTAGE RANGES: 
0-7 5/15/75/150/750/1500 
Volts 

2 RESISTANT RANGES: 

0-10,000 Ohms 0-1 Megohm 

71% MORE SCALE AREA! 
Yes, although our new FULL-VIEW D'Arsonval type meter 

occupies exactly the some space used by the older stand-

ard 2'2" Meters, it provides 71% more scale area. As a 

result, all calibrations are printed in large easy-to-read 

type and for the first time it is now possible to obtain 

measurements instead of approximations on a popular 

priced pocket-sized V.O.M. 

3.Qative£ 
* Compact—measures 3'8" x 578" x 2'4" 

* Uses " Full View" 2°. accurate, 850 Micro-

ampere D'Arsonval type meter 

* Housed in round-cornered, molded case 

* Beautiful black etched panel. Depressed letters 

filled with permanent white, insures long-life 

even with constant use. 

3 D.C. CURRENT RANGES: 

0-15/150 Ma. 0-1.5 Amps 

3 DECIBEL RANGES 

—6 db to H-18 db 

+34 db to + 58 db 

+14 db to 38 db 

The Model 770-A comes complete with 

self-contained batteries, test leads and 

all operating instructions. 

'15" NET 
SUPERIOR INSTRUMENTS CO. 
Dept. HB-54 * 2435-41 WHITE PLAINS ROAD * NEW YORK 67, N.Y. 

PLEASE PLACE YOUR ORDER WITH YOUR REGULAR RADIO PARTS JOBBER. IF YOUR 

i 

JOBBER DOES NOT HANDLE OUR LINE PLEASE SEND YOUR ORDER DIRECT TO US 
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COMPLETE OUTFITTERS 

for the HAM . . . 

COMMUNICATIONS 

AND 

ELECTRONIC 

ENGINEERS 

EUGENE G. WILE 
218-220 South 11th Street Philadelphia 7, Pa. 

Kingsley 5-8370 

Distributors of 

Nationally Advertised Lines of 

RADIO. TELEVISION and ELECTRONIC Parts 
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ADVANCE! Raise your earning power- learn 

RADIO-TELEVISION- ELECTRONICS 
by SHOELMETHOD 
HOME TRAINING 

GOOD JOBS AWAIT THE 
TRAINED RADIO-TV TECHNICIAN 

There is a place for you in the great Radio-Television-
Electronics industry when you are trained as National 
Schools will train you at home! 
Trained technicians are in growing demand at good pay 

—in manufacturing, broadcasting, television, communica-
tions, radar, research laboratories, home Radio-TV service, 
and other branches of the field. National Schools Master 
Shop-Method Home Training, with newly added lessons 
and equipment, trains you in your spare time, right in 
your own home, for these fascinating opportunities. 
OUR METHOD IS PROVED BY THE SUCCESS OF 
NATIONAL SCHOOLS TRAINED MEN, ALL OVER 
THE WORLD, SINCE 1905. 

EARN WHILE YOU LEARN 
Many National students pay for all or part of their train-
ing with spare time earnings. We'll show you how you can 
do the same! Early in your training, you receive "Spare-
time Work" Lessons which will enable you to earn extra 
money servicing neighbors' and friends' Radio and Tele-
vision receivers, appliances, etc. 

T. R. F. Receiver 

Signal Generator Audio Oscillator 

National Schools Training is All-Embracing 
National Schools prepares you for your choice of many 
job opportunities. Thousands of home, portable, and auto 
radios are being sold daily—more than ever before. Tele-
vision is sweeping the country, too. Co-axial cables are 
now bringing Television to more cities, towns, and farms 
every day! National Schools' complete training program 
qualifies you in all fields. Read this partial list of opportu-
nities, for trained technicians: 

Business of Your Own • Broadcasting 
Radio Manufacturing, Sales, Service • Telecasting 
Television Manufacturing, Sales, Service 
Laboratories: Installation, Maintenance of Electronic Equipment 
Electrolysis, Call Systems 
Garages: Auto Radio Sales, Service 
Sound Systems and Telephone Companies, Engineering Firms 
Theatre Sound Systems. Police Radio 
And scores of other good jobs in many related fields. 

TELEVISION TRAINING 
You get a complete 
series of up-to-the-
minute lessons cov-
ering all phases of re-
pairing, servicing and 
construction. The same 
lesson texts used by resi-
dent students in our 
modern and complete Television broadcast studios, lab-
oratories and classrooms! 

You also 

receive this 

Multitester 

off& 
Superheterodyne Receiver 

FREE! RADIO-TV BOOK 
AND SAMPLE LESSON I 
Send today for 

National Schools' new, 
illustrated Book of Oppor-

tunity in Radio-Television-

Th is Electronics, and an actual 

course Sample Lesson. No cost— 

also offered no obligation. Use the 
in Spanish coupon now—we'll 
and Portuguese. answer by refute 

airmail. 

APPROVED FOR 
VETERANS 
AND 

NON-VETERANS 

Check coupon Oelow 

LEARN BY DOING 
You receive and keep all the 
modern equipment shown 
above, including tubes and 
valuable, professional qual-
ity Multitester. No extra 
charges. 

Both 
Resident and 
Home Study 
Courses Offered! 

NATIONAL SCHOOLS 
LOS ANGELES 37, CALIFORNIA • ESTAIIIISHED 1505 
IN CANADA: 193 E•NASTINGS STREET,VANCOUVER,O.C. 

FIND OUT NOW—MAIL COUPON TODAY! 
NATIONAL SCHOOLS, Dept R-15-123 
4000 South Figueroa Street 
Los Angeles 37, California 
Send FREE Radio-TV Electronics book and FREE sam-
ple lesson. I understand no salesman will call on me. 

NAME 

ADDRESS 

Mail in envelope 
or paste on 
postal card. 

 AGE 

I CITY 70NE STATE 

O Check here if released from service less than 4 years ago. 
Check here if interested in Resident School Training at Los Angeles. 
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NYLON Lacing Cords 
and Flat Braided Tapes 
meet Army, Navy and Civilian "Specs" 

Intensive research in the laboratories of The 
Heminway & Bartlett Mfg. Co. has resulted in the 
development of fungus-proof Nylon Lacing Cords 
(also known as Tying Twines) and Flat Braided 
Tapes. These new products are especially impor-
tant to you because of their special synthetic resin 
coating which resists the growth of mold and 
micro-organisms — factors most often responsible 
for the deterioration of old-type linen and cotton 
lacing cords and tapes and the subsequent corro-
sion and failure of electronic equipment. 

Heminway & Bartlett's new, special-finish 
Nylon Lacing Cords and Flat Braided Tapes are 
much faster and easier to lace. They have high 
abrasion resistance . . . low moisture absorption. 
They retain the desirable malleability of wax and 
yet have a melting point of over 190°F. In addition, 
they are non-toxic to humans. 

Heminway & Bartlett's Nylon Lacing Cords 
and Flat Braided Tapes are sold through leading 
distributors throughout the U. S. If your regular 
distributor does not have them in stock, write us 
for the name of the nearest distributor who carries 
them. 

EST. 1888 

Lacing Cord or Tying Twine 
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HEMINWAY & BARTLETT 
The Heminway & Bartlett Mfg. Co., 500 Fifth Ave., New York 36, N.Y. 

Sales Offices: Chicago, Philadelphia, Boston, St. Louis, 
Cinceati, San Francisco, Los Angeles, Charlotte, N.C., 
GloVesville, N. Y. 

Foreign Agent: Turner, Halsey Co., Inc., 40 Worth Street, 
New York, N.Y. Cable Address: THECOTEX 



PRECISE MEASUREMENTS COMPANY 
942 KINGS HIGHWAY 

ONE HUNDRED 
THOUSAND VOLTS! 
At Fifty Thousand Ohms/Volt 
KILOVOLTER Model 4000 

• Shielded Polystyrene Probe 
• Choice of Ranges 
• Simple Foolproof Circuits 

Measures television and X-ray voltages 
with extra high input impedances. All volt-
age is dissipated in the shielded poly-
sterene probe. "Normal- Reverse- key 
is provided so that probe may be 
used regardless of polarity of volt-
age under test. Indicator has large 
clear scale for easy reading. Addi-
tional low leakage path, special 
insulated probe is supplied on all 
100 KV models. 

Model 
4000 
4000-A 
4000-8 
4000-C 

Range 
Kilovo:ts 
0-25/50 
0-100 

0-50/100 
0-10/50/100 

Pr c, 
$67.50 
80.03 
85.00 
95.00 

BROOKLYN 23, NEW YORK 

HIGH VOLTAGE 

Model 
6000 
6000-A 
6005 
6005-A 
6010 
6010-A 
6015 
6015-A 
6025 
6025-A 

Also available with two meters (as illustrated) thus current and voltage can be 
read simultaneously. Perfect for breakdown and leakage measurements. 
Current limiter circuits protect meter on shorts. Price $ 35 additional. Specify 
50 pumps, 100 parnps or 1 mil meter. Same delivery time. 

Regulated Power Supplies. Any model can be lad with built-in regu-
lation circuits. Output remains within 51, over most of the range. Same delivery 
time. Closer regulation on special order. 

With Meter 

With Meter 

With Meter 

With Meter 

With Meter 

POWER SUPPLIES 

A precision, well constructed 
high voltage supply for 
television, meter testing 
and calibration, electro-
static painting, breakdown 
tests nuclear physics and 
wherever high potentials at 
low currents are needed. 
Output is well filtered di-
rec• current. Adjustable by 
means of a control on the 
fro, panel. Available with 
or w.thout meter. Input volt-
age is 115 y., 60 cycles. 

Maximum Voltage 
2,500 
2,500 
5,000 
5,000 
10,000 
10,000 
15,000 
15,000 
25,000 
25,000 

Price 
$60.00 
80.00 
75.00 
95.00 
85.00 

105.00 
95.00 
115.00 
115.00 
155.00 

TRANSPARENT CIRCUIT STAMPS 

Actual Size 
Cr- 0 

7 8 9 10 12 1-8 Stamp 
Provide clear sharp impressions of all the most used radio and electrical circuit 
symbols. Sores considerable drawing and drafting time and provides a neater 
looking appearance. Used by leading manufacturers and laboratories. Stamps 
are crystal clear and easily lined up by looking right through them. Available 
in two popular sizes. May be purchased separately or in complete set. When 
ordering, specify stamp number and size. 

Size A CIRCUIT STAMP SET (12 stamps) $8.50 
Size A Individual Circuit Stamps each .85 
Size B CIRCUIT STAMP SET (12 stamps) 10.00 
Size B Individual Circuit Stamps ecch .95 

Bak/Iced, begi 
• 

Tel. ES 5-9435 

MICRO CIRCLE 
CUTTER 

Cuts Metals 

Woods • Plastics 

For quickly cutting those 
extra large hole sizes. 
Perfect for making washers. 

Model Shank Size 
9 Round 10' . 

10 Round 15" 
Extra cutting bits 50c each. 

MICRO CIRCLE CUTTER 
Cuts holes in all types of metals from stainless 
steel to magnesium. Perfect for plastics and wood. 
Especially recommended for cutting meter holes 
in panels. 

Built-in micrometer type size control for precise 
settings. Extra heavy construction of the main 
beam and body make it useful for production 
jobs as well as experimental work. All are 
equipped with a 1/4 " high speed steel cutting bit. 

Model Type 
1 Round Shank (for drill press or hand drill) 
1-A Square Tapered ( for hand brace) 
3 Round Shank 
6 Morse No. 2 Taper Shank 

Extra cutting bits 60c 

Size 

4" 

Price 
$12.50 
13.00 

Price 
$5.00 
5.00 
7.50 
8.50 

SCALE PRINTING 

MACHINE 

Prints lettering, numbers and divi-

sions on meter scales, metal, paper, 

plastics. For making experimental 

name plates, decals, etc. Perfect 

lettering is assured by use of stand-

ard printers type. Many leadirg 

instrument manufacturers and lab-

oratories are using our machines. 

The Model 1500 Scale Printer is 

illustrated. Send for Catalog A-4. 

HIGH VOLTAGE TRANSFORMER 

Small physical size is the result of engineering 

studies into this problem. Used for Oscilloscopes, 

Photoflash Units, and Miniature High Voltage 

Power Supplies. Primary has tap for rectifier tube. 

Several diagrams furnished. Provides 4500 Volts 

D.C. Price $ 13.00. 

Part No 
3 KVT 

Primary 
115 Volts 60 
Cycle with 11/4 
Volt Tap. 

Secondary 
3200 Volts AC 
at 1 Ma 

Size 
2" high x 21/4 " wide. 
Base 21/4 " 
Mtg. Centers 21/4 " 

MINIATURE HIGH VOLTAGE CONVERTER 
Connect primary to batteries and obtain high voltage output. Single compact 
unit contains both an efficient vibrator and special step-up transformer. Use 
for photoflash, isolated power supplies and where high potentials and small 
size are required. Easily rectified with any of these tubes: 1X2A, 1B3GT, 
5642 or 1654. Diagrams for complete power supplies furnished with each 
unit. 
Part No. Primary Secondary Price 
MVT 2 to 6 Volts 2,000 to 7,000 Volts $8.30 

DC or 60 Cycle AC 

ELECTRO-GRAPHIC RECORDER 
As a result of a number of field tests, we are in the process of adding a number 
of new features to the ever popular Model 50 Electro-Graphic Recorder. This 
direct writing instrument will continue to be the some compact size and 
rugged construction. 

INSTRUMENTS BUILT TO SPECIFICATI ONS. Precise Measurerner Is Company equipment is used by leading industrial concerns, rese,rdr 

laboratories, government and serious amateurs everywhere. Your Local Distributor will be glad to show you our products. 
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FOR ECONOMY and OK n DER HUSKY RELAYS! DEPENDABILITY... 
MN, 

For quality, efficiency and reliability — select the relay 
you need from Price Electric's complete line. A few of the 
many types available appear on this page. A more complete 
listing and description is available in our Relay Reference 
Folder, which will be sent free upon request. 

Series 8200, High Current 
CONTACTS: 4 PNO. Either one or two 
contacts rated up to 150 amp at 28 
V.D.C. Balance rated at 25 amp 115 
V.A.C. 
COIL VOLTAGE: 6 to 48 V.D.C. 
SHOCK: 70 G 
VIBRATION: 30 G at 10 to 500 CPS 
SIZE: We" L x 2-1/16" W 
2-9/16" H 

Series 5724.1HS 

(AN 3304-1) 
(MIL-R-6106) 
CONTACTS: 4 from C, rated 
3 Amps at 115 Volts AC, 
non-inductive. 
COIL VOLTAGE: 26.5 Volts 
DC. 
ALSO AVAILABLE AS 
MIDGET OPEN STYLE 
RELAY 

MIDGET, Series 1050 
CONTACTS: D.P.D.T., rated 2 Amps at 
115 Volts AC, non- inductive. 
COIL VOLTAGE: 3 to 
24 Volts DC. 
MAXIMUM COIL RE-
SISTANCE: 8500 
Ohms. 
AVAILABLE 
HERMETICALLY 
SEALED 
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HUSKY relays consistently meet the 
most exacting specifications and per-
form their required functions under 
the most adverse conditions. 

SYNCHRONOUS TIME 
Series 4050 
CONTACTS: S.P.N.O. to \ 
D.P.D.T. rated 10 Amps at 115 
Volts AC, non-inductive. 
COIL VOLTAGE: 115 Volts, 60 
cycle AC or 230 Volts, 60 cycle 
AC. 
TIME INTERVALS (FIXED): 
15 sec. to 15 min. 

AVAILABLE HERMETICALLY 
SEALED 

MINIATURE TELEPHONE TYPE 
Serles 5500 

OPERATING VOLTAGES: 6 to 48 volts DC. 
MAXIMUM COIL RESISTANCE: 5000 
ohms. 
CONTACT CAPACITY: Standard contacts 
are rated at 3 amps 115 volts AC or 24 volts 
DC, non- inductive. 
CONTACT COMBINATIONS: Up to 6 Form 
A, or 4 Form C ( total of 12 springs). 
AVAILABLE HERMETICALLY SEALED 

HIGH SHOCK RELAY, Series 4850 
CONTACTS: 4 PDT rated 5 amperes at 125 V.A.C. non-Inductive 
COIL VOLTAGE: 6 to 115 V.D.C. 
SIZE: We" L 1 1.5/16" W x 1-9/18" H 

Series 8000 
ROTARY RELAY 

CONTACTS: 11 P.D.T., 
make-break or break-make 
TORQUE: 71/1 inch ounces 
COIL VOLTAGE: 6 to 115 
V.D.C. 

TYPE 6351 CO-AXIAL 
CONTACTS: SPDT rated at 
750 watts (RF load). Auxil-
iary SPNO-SPNC rated at 2 
amps at 115 V.A.C. 
COIL VOLTAGE: AC- 115 
or 230 Volts. DC-6 to 110 

CORPORATION 

FREDERICK, MARYLAND 

4imit 
RELAY 
REFERENCE FOLDER 
A handy guide to Husky 
relays, containing 
photographs and specifi-
cations of 42 types. 
Helps you find the type 
relay you need. In Just a 
few seconds. Address re-
quest to Dept. AR54. 



GEIGER COUNTERS 

75H 120C 200C 
75N83 12008 20008 
90H8 120H 200N 
100C 120N8 200N8 
10008 150N 230N 
100N 150H8 240C 
100N8 153C 240N 

HIGH VOLTAGE RECTIFIERS 

AVT-13 

5551/652 
5552/651 
5553/655 

2.148 
2.155 
2156 

2498 
249C 
2558 
2668 
315A 

AVT-I4 

IGNITRONS 

5554/679 
5555/6538 

MAGNETRONS 

4.147 
4.152 
4J57 

4.158 
4.159 
725A 

MERCURY RECTIFIERS 

575A 
673 
8578 
866A 

866AX 
8698 
872A 
8008 

PENTODES 

828 6083/AX-9909 

SecendwyEmsionPentade 

EFP60 

Subminiature Pintades 

6007/5913 6008/5911 

TETRODES 

AX4-I25A/6155 5895/AX-9905 
4X150A 6075/AX-9907 
AX4-250A/6156 6076/AX-9907R 
807 6097/AX-9908 
813 

TWINTETRODES 

5894/AX-9903 6360 
6252/AX-9910 832A 

THYRATRONS 
Hydrogen 

4C35 6268/AX-9911 
5C22 6279/AX-9912 

Inert Gas 

21)21 

Mercury 

FG17/1701/967/ 5559 
5557 5869/AGR-9950 
FG105/AX105 5870/AGR-9951 
678 

Xenon 

3828 4832 5685/C6J 

HF125 
HF200 
207 
211 
212E 
212F 
232C 
242C 
HF250 
250TH 
25011. 
25IA 
279A 
2840 
HF300 
311CH 
342A 
343A 
343AA 
450TH 
450TL 
3X2500A3 
3X2 500F3 
EC55/5861 
HF20IA/468 
5866/AX-9900 
5867/AX-9901 

TRIODES 

473 8896 
498 889RA 
50111 891 
502 891R 
502R 
504R 
508/6246 
75011 
805 
810 
833A 
834 
838 
845 
849 
849A 
849H 
851 
858 
859 
880 

892 
892R 
893A 
893AR 
HF-3000 
Z83200 
5604' 
5619 
5658 
5666 
5667 
5736 
5771 
5920 
8002 
8002R 

5868/AX-9902 
5923/AX-9904 
5924/AX-9904R 
6077/AX-9906 
6078/AX-9906R 

VACUUM CONDENSERS 

VC6/20 VC50/32 
VC6/32 VCI00/20 
VCI2/20 VC100A/20 
VC12/32 VCI00/32 
VC25/20 VC100A/32 
VC25/32 VC250/20 
VC50/20 

VOLTAGE REGULATORS 

4X- 150A —mul 

9906R 

VC25 

AMPEREX 
TUBES ® 

Better Built for 

Dependable Performance 
and Operating Economy! 

889RA 

AX5551 

6333 

FOR ALL 
INDUSTRIAL and 
COMMUNICATIONS 
REQUIREMENTS 

5894 

813 

Specialists in electronic tube design and 

construction, our over-all laboratory facilities in our new, modern 

plant with its latest, up-to-the-minute equipment for precision quality 

control are recognized as outstanding. 

AMPEREX Tubes are designed, not only for every phase of com-

munications, but for applications in all fields where electronic 

equipments are used . . . industrial, radiation detection, electro-

medical ... etc.... to assure yourself of unvarying performance 

and more all-around value for your money... be sure to specify 

AMPEREX. 

See Your Local Radio Parts Distributor 

AMPEREX ELECTRONIC CORP. 
230 DUFFY AVENUE, HICKSVILLE, LONG ISLAND 

In Canada and Newfoundland: Rogers Majestic Limited 

• 
RITIPEREX 
1111111—IMLM 

^...,-.. 



Starting with the fundamentals, you'll understand 

from step-by-step explanations and illustrations, just 
how each unit in the TV receiver functions, how it is 
set up by the various manufacturers, what flaws may occur in it, 
what points in the circuitry cause these flaws, how they affect the 
other components in the unit, and how they show up on the TV 
screen. All faults likely to occur, including those hard-to-find 

troubles are fully dealt with. And you won't be confused by un-
necessary theory. Only the essentials actually needed for practical 

servicing are given, in clear, easy-to-follow terms. 

Hundreds of Helpful Illustrations 

Original photographs, especially made for this book, show you what appears on the 
screen when there is a defective picture tube, diathermy interference and dozens 
of other causes of imperfect pictures. Scores of scope patterns aid you in signal 
tracing and analysis of circuit performance. Hundreds of large, clear schematics. 
many from the major manufacturers, show you every detail of circuit arrangement. 

A Complete Master Trouble Index 
makes it easy for you to locate the source of 
trouble quickly. It's in the form of a handy 
chart listing the various hums, sound distor-
tions, streaks, bars, focus defects and 100 
other trouble symptoms in sound and pic-
ture together with the possible causes of 
each and the page on which servicing in. 
structions are given. $5.50 

You'll 
learn 

with new 
data on 

transistors, 
«mode tuner,, 

other new 
developments 

• simple signal tracing procedures 
• how to improve reception in the fringe 

areas 

• how to use the oscilloscope and other 
test equipment 

• how to trouble-shoot keyed A.G.C. and 
synchroguide circuits 

• how to align I.F. stages 

• and many tricks for diagnosing troubles 
in minimum time 

MATTHEW MANDL is author of the -Tele-
vision Servicing Clinic- in Radio-Electronici 
and of regular articles on the technical and 
servicing problems of radio and television in 
other leading trade magazines; technical and 
engineering consultant; former operator of a 
radio station and owner of his own servicing 
business. 

reliable books for Radiomen 

Radio and TV Mathematics 
by Bernhard Fischer. -By far the best book for preparation for FCC 
exams," writes one radioman. -A book for the place of honor beside 
its natural partner, the slide-rule." says Radio Electronics Here are 
step-by-step solutions for every question requiring mathematics in 
the FCC study guide, as well as hundreds of other circuit problems 
in radio, TV and industrial electronics. Whatever YOUR problem. 
whether to correct the power factor of a motor, or to find the im-
pedance and length of a matching stub between a TV antenna and 
its transmission line, or any of hundreds of other problems, here is 
your solution. $6.75 

Television for Radiomen 

TV and FM Antenna Guide 
by E. M. Noll and M Afandl. A basic course on antenna 
theory combined with a complete handbook on all types of 
antennas, including all commercial models, high-gain anten-
nas for fringe areas, antennas for special locations and for 
the new UHF allocations. Shows you all techniques for get-
ting the most out of the antenna system. Based on extensive 
testing done by the authors. $5.25 

by Edward M Noll. "By the rime you are through with this book, you Il have a GOOD founds-
tion in TV,- writes a radio and TV engineer, "You'll discover that the author has treated a 
much written-about subject in a refreshingly original manner. - Written by a man nationally 
known for his many helpful articles on TV operation and servicing, this book explains very 
fully and clearly the principles of transmission and the construction, function and operating 
principles of every circuit and element in TV reception. You'll acquire the fundamental knowl. 
edge you MUST have to qualify for the many good jobs waiting for you in television. $S 00 

An Introduction to Practical Radio 
by D. J. Tucker. One of the best fundamentals ' books ever published, widely praised by 
authorities. -The chapter on Kirchoff's laws is a model," writes the reviewer in Electronics, 
"Also goes further into the use of vectors for solving a-c circuit problems—a must for today's 
radio technicians." $5 00 

At your dealer; or from ehe eyeeager 60 Fifth Ave., New York 11 
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flilenttators for high quality audio 

...where 

performance counts 

...use Cinema's 

best 

FACTORY REPRESENTATIVES 

THROUGHOUT THE NATION 

EXPORT AGENTS 
Frazer & Hansen, Limited 

301 Clay Street 

San Francisco, Calif., U.S.A. 

PRECISION AND GENERAL 
PURPOSE ATTENUATORS 

Instantaneous control, whether in the lab-

oratory or in the speech input console, must 

be dependable. Use the attenuators backed 

by 18 years experience. Write for catalogue 

18AB today. 

CINEMA ENGINEERING CO. 
DIVISION AFRO VOX CORPORATION 

1100 CHESTNUT • BURBANK, CALIFORNIA 



No sea THE BEST TU BOON TO BUY! 

New material on: 

TV Tuners 

Keyed AGC systems 

DC Video Amplifiers 

Coscode Amplifiers 

45-mc Video I.F. systems 

New illustrations, new 

diagrams, new whole 

chapters on UHF and 

COLOR TELEVISION! $6.75 

TELEVISION SIMPLIFIED 
by Milton S. Kiver is now 
in its 4th revised, reset and 
enlarged edition. No other 
book has received such wide 
acclaim in the television field. 
Basic principles are explained 
in language free of involved 
theory or mathematics, from 
the analysis of circuits and op-
erating fundamentals of 
V.H.F.-U.H.F., TV and F-M, to 
the repairing of television sets 
and the explanation of an ac-
tual troubleshooting system. 

Let these other KIVER books help you with special problems 

TELEVISION & FM RECEIVER SERVICING by MILTON S. KIVER 3rd ed. $4.20 
The most famous servicing book on the market today, now up-to-date and one third larger 
than before. Includes all practical information on troubleshooting, antennas, installations, 
alignment, testing, patterns, circuits and servicing. 

FM SIMPLIFIED by MILTON S. KIVER 2nd edition $6.50 
"To bridge the gap between AM and FM techniques, it explains fully and in simple lan-
guage the theory of FM propogation and FM receiver and transmitter circuits including 
detailed descriptions of circuits in commercial FM receivers and methods of servicing 
them."—Radio Electronics 

UHF SIMPLIFIED by MILTON S. KIVER $4.50 

Starting out from the principles of ordinary radio circuits, this book proceeds step-by-step 
to a thorough understanding of U.H.F. radio and equipment that is clear, easy to remem-
ber and apply. 

MODULATION THEORY by HAROLD S. BLACK 363 pp. $8.75 

The very latest of the extensive series to come out of the Bell Telephone Laboratories de-
signed to give both students and engineers a broad knowledge of all systems. It covers 
sampling, multiplexing and statistical properties of noise and message material. 

THE RADIO MANUAL- 4th edition 
by G. E. STERLING and R. E. Monroe 890 pp. $12.00 
This giant volume covers the entire field of radio—from elementary electrical 
and radio theory to the most advanced applications in AM, FM, TV, Marine 
Radio, Navigational Aids, Emergency Services and the State, Federal and 
International laws. More than 800 illustrations, photographs and schematic 
drawings cover every type of modern equipment. 

MICROWAVE THEORY AND TECHNIQUES 
by HERBERT J. REICH and others. 914 pp. $12.50 
From an introductory treatment of vector methods, static and dynamic electromagnetic 
fields to an up-to-date coverage of the entire microwave field, this heavily illustrated 
volume thoroughly covers principles, problems, experiments and references. 

at book and radio supply dealers everywhere, or write to 

D. VAN NOSTRAND COMPANY, INC. 250 Fourth Avenue, New York 3 



Mounts • Antennas • Coils 

Model 132-C Model 126 Model 132 

Model 140Model 142 

New Siandards in Performance 
and Reliability 

100 Reg. 

Separate Springs 
for Antenna Mounts 

100X 
Heavy Duty 
100WX 

Heavy Duty 

Increase your OSO and DX quotas with ... 

Neel Hy 4.40 ., 
• Requires little or no tuning 

• Air Spaced Coil Windings 

• Protective Coated Coils 

• Coils instantly j h ble 

• Weather sealed ... lightweight 

20 Meter 

40 Meter 

75 Meter 

MOUNTS 
00E1 

Antenna 

Coils 

Amateur's 

Net 

$695 

MOUNT SPECIFICATIONS 

aa'•..- "4- NET PRICE 

126 or 126C. 
126X• or 126XC• 
132 or I32C 
1320 or 132XC 
13255. or 13255C• 
13705S• or 137XS5C• 
138 
138X 
140 
1400 
14055 
140X55 
142 

Body Mount-Straight Spring-Swivel lose 0 8.75 
Body Mount-Heovy Duty-Straight Spring-Swivel Bose  9.40 
Body Mount-Double Topered-Snrtna Swivel Brno  8.75 
Body Mount-Heavy Duty-Double Tapered-Spring Swivel Base  9.85 
Body Mount-Special Steinke.  12.95 
Body Mount-N.D. Special Stemless  14.95 
Bumper Mount- Straight Spring (same as 140 with Weight spring)  6.55 
Bumper Mount-Heavy Duty-Straight Spring (same es 140 with M.D. Straight Swing) 7.63 
Bumper Mount-Double Tapered Spring  6.55 
Bumper Mount-Heavy Duty-Double Tapered Spring  7.65 
Bumper Mount-Special Stainless  9.65 
bumper Mount-Special Heavy Duty Stainless  10.95 
Bumper Mount- Less Spring, with Intel 00000 for Direct mounting by Series 100 Ant  
or 92 Ent. and 106 Ant   3.75 
°Coale Type SS-Special Stainless SOS-Heavy Duty Special Stainless 
X-Hoovy Duty SC-Hoary Duty Coax IOW-Heavy Duty Special Stainlen Coats 

Model 
92 

Model 
90 _ 

ALL SPECIAL 
ALUMINUM 
ALLOY RODS 

COAXIAL 
FITTING 

MITAI 
tO0 

INSULATOR 

(011 

TONNE(11011 

METAL 
SUM 

Model 
GP-4 

CERAMIC TOP 
INSULATOR 

MAST Al ANTED 
ANGLE BRACKETS 

BOLT CLAMPS 

Model 
300 

n e AMSTAR( 
MEIN UK 
TIN MOUNTING 

I 
/ ° 

1 MOUNTING 

r_) MI 7 
MOWING 

TWO METER COAX 

No.214 
Fly "Er- AB 

Mt WWI 

II/0/ 

fleM 

MM Mena 
Mar Len 

MUI 
MI 

,(M10(4 

Model 
613 

NEW MODEL Na. 1324 JUNIOR BUMPER MOUNT Sense design as our standard No. 132 MASTER 
MOUNT but of slig tip less size. Built to APPROVED AND ACCEPTED MASTER SPECIFICATIONS for quality at 
materials, workmanship and finish. ATTRACTIVELY PRICED AT ONLY $4.17. 

NEW MODEL No. 140-1 JUNIOR BUMPER MOUNT Same design as our standard No. 140 MASTER MOUNT 
but of slightly less sire yet of same high quality spring construction and finish. Competitively priced at on 
ATTRACTIVE NET OF ONLY $4.17. 

COAXIAL CONVERSION KIT No. 118. Fits No. 132 and No. 1181 Fits 1321 Models Net $1.00 

 E SPRINGS FOR ANTENNA MOUNTS 100 Regular  Net $4.30 

100 X-Heovy Duty Net $5.50 100SS-Stainless Steel Net $5.50 
EXTENSIONS 

88 Lower Section for All lend Antenna 84.25 
90 Extension for 100 Series Whips   3.25 
92 18.e" ExMnsion for 106 Series Whips ...   3.25 
94 Extension for 106 Series Whips  4.25 
99 Tennajuster for Whip Adjustment on AB/W An4nne  1.95 

ANTENNAS 
MODEL 

STAINLESS STEEL 
100.60S 
100.725 
100-785 
100-86S 
103-905 
100.96S 

106.60S 
106.725 
106.785 
106-865 
106.905 
106.965 

OVERALL 
LENGTH 

90" 

60" 
72" 
78" 
66" 
90" 

WHIP ANTENNA SPECIFICATIONS 

NET 
EASE SPECIFICATIONS PRICE 

Threoded 34" Stud to fit all Mounts $4.95 
Threoded /A" Stud to fit all Mounts 1  4.95 
Threaded TS" Stud to fit ell Mounts  5.00 
Threaded 1/4 " Stud to fit all Mounts  5.15 
Threaded 1/4 " Stud to fit all Mounts  5.20 
Threaded he" Stud to fit oll Mounts  5.25 

Ploie End 34" Dia. (Fits Model 92 Est)   $4.15 
Plain End 34" Diu. (Fits Model 92 Eat.)  4.15 
Plain End 34" Dia. (Fits Model 92 Ent  )   4.20 
Plain End 34" Dia. (Fits Model 92 Ea  4.35 
Plain End 34" Die. (Fits Model 92 Eat.)  4.40 

Plain End 34" Die. ( Fits Model 92 Eat.)  4.50 

SILICON-cmtOmE your ANTENNAS 

NEW 9 SERIES-with %' Threaded Studs 

Model No. 
9.60T 
9-72T 
9.847 
9.96T 

N.e. 8 SERIES-WITHOUT STUDS 

1 Overall Length Net Price 
02.97 

72" 3.24 
84" 3.30 
96" 3.75 

*del Na. 
8.60 
8.72 
8.84 
8.96 

Overall length 
60" 
71" 
84" 
96" 

Non Pric• 
$2.82 
3.08 
3.13 
3.55 

All Prices Shown are 
Amateurs' Net 
Order from your dealer 
or write direct. 
Dealers' inquiries invited. 

TWO METER COAX ANTENNAS 
No. 214-MASTER DE LIME- e superior new, ruggedly. 
constructed, veto ally polarized entwine with frequency 
bone of 140 to 1 0 MC. Completely woterproofed. Atmen 
tire, highly oohs cd chrome finish enhonces appeorance 

of cry vehicle. Furnished with approx. 10' of 72 when Coos 
Coble. MOUNTING TYPES: Type 1 - Side,Mount with 2 

brockets furnis ed- NET. $15.95. Type 2- MASTER 
MOUNT (No. 1320 or 140X). Mounts sold separately. Corn. 
plots ontennof $ 17.43. Mounting «hosts to 17". 

Ne. 613- NEW IMPROVED MASTER VHF ROOF TOP 
ANTENNA. This ow high performance antenna features 
on improved type positive.lock co.:oriel connector De. 
signed for police, fore, taxi cabs end ornoteurs using 140 

MC to 165 MC. Stainless steel wire with threaded lining. 
Easily chonged without disturbing mounting. Comes with 
10' coax cable ... Net $4.95. 

Able 

...dià P.O. BOX 1817 • LOS ANGELES 36, CALIFORNIA 

MASTER MOBILE HT "0"-A8 ANTENNA. For top ell-
wound performance, complete your rig with o precision 
Master Hy "0". This center loaded enterra comes with 
choice of one coil ... 20, 40 or 75 meter. Fits ony Most« 

Mount or SAE thread. Shipping wt. 3 lbs  
Height 8' 10". Weight 28 oz. Net $13.95 

Barn Mount 0220 (Heavy Duty) recommended. Extro coils. 

S Res 
"MASTERPLANE" MODEL 300 ANTENNA. The MASTER-
PLANE à a "drooping" type ground plane plus lour 
straight 'edicts to give o low ongle of todietion for on 
olwost perfect circle radiation pattern. Outperforms ony 
type of vertical dipole. Matches 52 or 72 ohm coax 
through threaded fitting at bottom end. Con be used with 
medium or low powered • transmithers horn .140.162 MC. 
Shipping Wt. 2Y, lbs. Net uses 
MODEL OF-4 DROOPiNG TYPE GROUND PLANE AN-
TENNA. For 2.rneter operetion. Hos four "drooping" 
meets . rd 'notches 52 ohm co.:idiot sable. Atrachoble to 
side of building. Sturdy constructions special olloys used 
to withstand corrosion and weeds«. Ceromic insulotor. 

U.bolts and mounting brackets furnished. Shipping Wt. 
I lb. Net $ 5.95 

Alcuseà. 94,1c. 

WAREHOUSE AND SHIPPING ADDRESS: 1306 BOND STREET 

179 



Inde'lA CARDWELL CAPACITORS 

we ee 
Whether it be 

PRECISION VARIABLES 

. . . Such as this temperature-compensated 

unit which make possible the famous fre-

quency meters BC-221, 7S-173/UR, and 

TS- 174/U. 

HIGH-POWER TRANSMITTING UNITS 

k-7.7s 

1, J 41-r 

etie 

— 

3.1" 

Like this 1-inch air gap 100 mmfd. 

unit with special electrostatic shields 

and corona cups to minimize losses 

at peak voltages up to 20KV. 

MEDIUM-POWER TRANSMITTING UNITS 

Designed for efficient high-frequency use 

in services ranging from " ham" rigs to TV 

transmitters. 

COMPACT LOW-POWER "TRIM-AIRS" 

cl'. For years the favorit s of designers, 

experimenters, and hams because of 

their extreme adaptability to indivi-

dual needs. 

CARDWELL MAKES THE FINEST 

Based on more than 35 years experience in development and production 
of the components required to do a special job well, Cardwell continues 
to manufacture high quality air-dielectric capacitors to fill almost every 
need. In addition to the units shown above, plug-in fixed air capacitors, 
disc-type neutralizers, insulated shaft couplings and other variable 
capacitors are available as described in Catalog 50A 

Specify 

CARDWELL QUALITY PRODUCTS 
Ask us about our Printed Circuit 

facilities, UHF TV converters, 

TV IF strips and UHF TV tuners. 

THE ALLEN D. CARDWELL MFG. CO. 

PLAINVILLE, CONN. 

WRITE FOR OUR DETAILED CATALOG NO. 50A 
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Index 
Charts and Tables 

Alignment Chart, Crystal- Fit t et .   
Alphabet, Greek  538 
Amateur Frequency-Band .  14 
Amateur's Code, 'I'le  8 
Antenna and Feeder Lengths . 332-333, 336, 344, 345 
Antenna Diameter vs. Length    339 
Antenna Gain.    345, 346, 347, 349 
. \ ntenna Length Factor    341 
Attenuation of Transmission Lines  3 
liandpass Filters    541.'1 
Bandwidth, Typical I.F.   . 77, 95 
Beam Element Lengths   35o 
Breakdown Voltages   •'• 
Call Areas  5:a, 
Capacitance of Short Vertical Antennas  -152 
Capacitance, Top-Loading  454 
Cathode and Screen-Dropping Resistors for 

R.F. and I.F. Amplifiers  89 
Cathode-Modulation Performance Curves ..   276 
Characteristic Impedance 313,314 
Circuit and Operating Values for Converter 
Tubes  85 

C-1. Computation  474 
Coaxial Line Data 313,314 
Color Code for Radio Parts 518,519 
Condenser Color Code  518 
Conductivity of Metals  18,542 
Continental Code  13 
Conversion of Fractional and Multiple Units  20 
Copper-Wire Table  539 
Corner-Reflector Antenna Feed Impedance... 419 
Countries List, ARRL    536 
Coupling-Coefficient Curves  46 
Coupling to Flat Lines  323 
Crystal Diodes.     V-65 
Crystal-Filter Alignment Chart  302 
Decibel  537 
Decimal Equivalents of Fractions  515 
Dielectric Constants  23 
Drill Sizes  513 
Driving-Power/Plate-Circuit-Efficiency Curve 139 
Effect of Ground on Horizontal Antennas  331 
Electrical Conductivity of Metals  542 
Field Strength Meter Calibration Curve .   476 
Filters, Bandpass  541 
Folded Dipole Nomogram    318 
Frequency-Spectrum Nomenclature.   18 
Gain of Directive Antennas 346, 347, 349, 350 
Gauges, Standard Metal  038 
Germanium Crystal Diodes.     V-65 
Half-Wave Antenna Lengths  333 
Impedance Step-Up in Folded Dipoles  318 
Index, Modulation  285 
Inductance and Capacitance for Ripple Reduc-

tion  210 
Inductance, Capacitance and Frequency 
Charts.  542, 543 - . 

Inductance of Small Coils   543 
International Amateur Prefixes  536 
International Morse Code   13 
1.-C Computation  474 
I. /R Time Constant  30 
Linear Amplifier Tube-Operation Data  296 
Loading-Coil Data  453 
Log, Station  525 
Long-Wire Antenna Lengths.   336 
Metals, Relative Resistivity of.   18 
Miniductor Data  543 
Mobile-Antenna Data   453 
Modulation Index  285 
Modulator Characteristic Chart.  268, 271 
Musical Scale.   538 
Mutual Conductance  63 
Nomenclature of Frequencies  18 
Open Stubs, Position and Length  317 
Operating Values, Converter Tubes. 85 
Peak-Rectifier-Current/D.C.-Low-Current 

Ratio  210 
Percentage Ripple Across Input Condenser... 210 
Phase-Shift Network Design Data   298 

PAGE 

Phonetic Code   5G23E 

Pilot-Lamp Data  543 
Plate-Circuit-Efficiency/Driving-Power Curve 139 
Puncture Voltages, Dielectric    23 
Q Signals  535 
RC Time Constant  30 
(ST System   535 
tadiat ion Angles .     333 
tadiat al Patterns  333,337 
tadiaii. ,n Resistance  332, 336,340 
teact al, ,,• ( hange with Antenna Length ... . 342 

hart    542 
Ma t ii, - I, ii , , .f Amateur-Band Harmonics. . 495, 511 
Zeaeta, e (  

,ece-t '‘, tit ' led Voltage-Amplifier Data  241 
;esist i\ it of Metals, Relative   18 
lc-ist or t Ii 'r t ttle   519 
tespqmse, It   540 
Rhombic Antenna Design  344 
Schematic symbols    . 2 
Screen-Dropping and Cathode Resistors for 

R.F. and I.F. Amplifiers  89 
Selenium Rectifiers    V-65 
Shorted Stubs, Position and Length  317 
Signal-Strength, Readability and Tone Scales  535 
St :united Component Values.   517 
St andard Metal Gauges  538 
St anding-Wave Ratio  315 
Station Log  525 
Stub Position and Length  317 
SWR Calibration    477 
Tank-Circuit Capacitance 137, 142 
Tap Sizes   513 
Time, Condenser Charge and Discharge  30 
Time Constant, CR  29 
Time Constant, /./R  30 
Top-Loading Capacitance    .. 454 
Transformer Ratios  42584 
Transistors   V-63 
Transistor Symbols  69 
Transmission-Line Data  314 
Transmission-Line Losses   315 
Transmission Lines, Spacing 313, 314 
Tuned-Circuit Response.   540 
V-Antenna Design Chart.     344 
Vacuum Tubes and Semiconductors (Index to 

Tables)  V-1 
Velocity Factor and Attenuation of Transmis-

sion Lines  314 
Voltage Decay   537 
Voltage-Output/Transformer-Voltage Ratio  209 
Volt-Ohm-Milliammeter Range Calibration  461 
Word Lists for Accurate Transmission  523 
WWV Schedules  466 

Formulas 

A.C. Average, Effective and Peak Values .... 17 
Antenna Length   332, 337, 348, 414, 415 
Capacit It of Condenser  24 
Capavit : tore Measurement    474 
Capat•it ive Reactance   33 
Cathode-Ifias Resistor  65 
Characterist it. Impedance  314 
Coaxial-Line Matching Section.   352 
Critical Inductance  210 
Decibels, Gain in    537 
Delta- Matching Transformer Design   335 
Efficiency, Power 22-23 
Energy, Electrical  23 
Feed-Back Percentage    .. 261 
Feeder Length  314 
Filter Design 210-211, 540, 541 
Folded Dipole, Driven-Element Length  415 
Frequency, Resonant    41 
Frequency-Wavelength Conversion  18 
Grid Impedance.     141 
Ground-Plane Antenna Design 341-342 
Half-Wave Phasing Section, Length  348 
High-Pass Filter 540, 541 
Impedance Matching   39, 40 



PAGE 

Impedance Ratios   39, 311 
Impedance, Resistive at Resonance 43, 44 
Index, Modulation  285 
Inductance Calculation  27 
Inductance Measurement  473 
Inductive Reactance   33 
Input Capacitance, Tube .  62 
LC Constant  44 
Lecher Wires  464 
Lissajous Figures, Frequency 482-483 
Low-Pass Filter 540,541 
L/R Time Constant  30 
Modulation Impedance 257,269 
Modulation Index   285 
Modulation Percentage  266 
Modulation Transformers, Turns Ratio  257 
Multiplier, Meter  460 
Ohm's Law (A.C.) 34,35 
Ohm's Law (D.C.) 19-20, 22 
Output Condenser for Modulated Amplifier 

Plate Power Supply.   268 
Parasitic Element Spacing.   349 
Power   22 
Power-Supply Output Voltage   213 
Power-Supply Transformer Voltage  213 
Q 42, 44, 540 
Q-Section Transformer 316-317 
Quarter-Wave Phasing Section Length  348 
RC Time Constant  29 
Reactance  34 
Regulation  208 
Resistance Measured by Voltmeter  460 
Resonance  41 
Resonant Frequency  41 
Rhombic Antenna   345 
Ripple   211 
Screen-Dropping Resistor   66 
Series, Parallel and Series-Parallel Capaci-

tances 25, 26 
Series, Parallel and Series-Parallel Inductances 28 
Series, Parallel and Series-Parallel Resist-

ances 20-22 
Shunts, Meter  458 
Standing-Wave Ratio 310, 478 
Surge Impedance 307, 314 
Time Constant, CR, L/R 29,30 
Transformer Current  38 
Transformer Efficiency.   38 
Transformer Turns, Primary  213 
Transformer Voltage  38 
Transformer Volt-Ampere Rating  213 
Transmission-Line Length  314 
Transmission-Line Output Impedance  311 
Turns Ratio 38,257 
Voltage Decay Time  537 
Voltage Dividers  214-215 
Voltage-Dropping Series Resistor  214 
Voltage Regulation  208 
Voltage-Regulator Limiting Resistor  215 
Waveguide Dimensions  425-426 
Wavelength    ... 18 
Wavelength-Frequency Conversion  18 

"A" Battery  
" A "-Frame Mast  
A-1 Operators Club 
A.C.    16, 31-40 
A.C.-D.C. Converters  225 
A.C. Line Filters  494 
AM (see " Amplitude Modulation") 
ARRL Emblem Colors   530 
ARRL Operating Organization 529-533 
AT-Cut Crystals   131 
Absorption Frequency Meters . 462-463 
Absorption of Radio Waves   72 
" Acorn" Tubes   426-427 
Additive Frequency Meter   462 
Air-Insulated Lines.   312 
Alignment, Receiver 102-103 
Alternating Current 16, 32-40 
Alternations  16 
Aluminum Finishing   515 
Amateur Band Operating Characteristics . . . 70, 361-

364, 421 

Text 
52 

354 
533 

Joining the League  
Ampere  
Amplification 
Amplification Factor .   
Amplified A.V  C   
Amplifier Classifications.   
Amplifier, Linear.   
Amplifier, Speech  ..   ... 239-244 
Amplifiers (see basic classifications, e.g , " Re-

ceivers," " Transmitters," " Radioteleph-
ony," and " V.H.F.") 

Amplifiers, Class A, B, C 58-60, 294 
Amplitude, Current    ... 15-16 
Amplitude Modulation 51,265 
Angle of Radiation 330,331 
Anode  52 
Antenna Construction 353-360 
Antenna Couplers 117-118, 321-329 
Antenna for 80 and 40 Meters.     156 
Antenna Input Impedance   316 
Antenna Length . . . . 332-334, 337, 341, 343, 414-416 
Antenna Masts 353-355 
Antennas, Mobile  452-456 
Antennas, Receiving 352-353 
Antenna Switching   353 
Antennas for Restricted Space 338-340 
Antennas for V.H.F. 412-420 
Antennas, Vertical 340-343 
Antennas for 160 Meters 342-343 
Antinode    309 
Antistatic Powder  435 
Array  345 
Arrays in Combination  352 
Assembling a Station 
Atmospheric Bending 
Atoms  
Audio-Amplifier Classifications  
Audio-Circuit Rectification 
Audio Converters  
Audio Frequencies .   ... 17 
Audio Harmonics, Suppression of  258 
Audio Image.     94 
Audio Limiting   92-93 
Audio Oscillators.  470-471 
Audio Power    269 
Auroral Reflection 75,363 
Autodyne Reception. . .    76,80 
Automatic Volume Control  ...   .. 90-91 
Autotransforiner  40 
Average-Current Value  17 
Awards 531-533 
" B " Battery    52 
BT-Cut Crystals     131 
Back-E.M.F  26 
Back Resistance    69 
I3ackwave    229 
Baffle Shields    50 
Balanced Circuit  50 
Balanced Modulator 291-292 
Balun     ..  320, 374-375, 414 
Band-Changing Receivers  82 
Bandpass Filters   540,541 
Bands, Amateur..  14 
pandspreading 82-83 
Bandwidth  77 
Bandwidth, Antenna  331 
Base, Transistor    69 
Basic Radio Propagation Predictions  362 
Battery    16 
Bazooka ...  320, 374-375 
BC!    . 491-494 
Beam Antennas  337-338, 343-352 
Beam Tetrodes    63 
Beat Frequencies.. . . .   51 
Beat Note  76 
Beat Oscillator  90 
Bending, Tropospheric   72-75, 364 
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Amateur Bands 13-14 
Amateur Radio Emergency Corps  528 
Amateur Operator and Station Licenses  17 
Amateur Regulations 13-14 
Amateur's Code, The   8 
American Radio Relay League: 

Headquarters 12-13 
Hiram Percy Maxim Memorial Station..   12, 

530-531 
533 
17 

54, 55-61, 69 
55 
91 

58-60 
294 

 485-490 
72-75,364 

16 
58-60 

492-493 
86 
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Bent Antennas 339,342-343 
Bias  56-67,139-140,230,258 
Bias, Cathode  65 
Bias Modulation    . 271-273 
Bias Supplies   217-219 
"Birdies"   84,103 
Bleeder   208,211 
Blocked-Grid Keying  229 
Blocking Condenser  48,153 
Body Capacity.     81 
Booms, Rotary Beam  357-360 
Brass Pounders League  ...   533 
Breakdown Voltage .   25 
Break-In   229-230,236-234,297,521-524 
Bridge Rectifiers   206 
Bridge-Type Standing-Wave Indicators.. . . 476-481 
Broadband Antennas  420 
Broadcast Interference, Elimination of . . . . 493-494 
Broadside Arrays 345,347 
Buffer Amplifier 129,268 
Buffer Condenser  225-226 
" Bundler"  427 
Butterfly Circuits    423 
Button, Microphone  238 
Buzzer Code-Practice Set    14 
By-Pass Condenser  . 49,153 
By-Passing . 49,153,500-501 
"C" Battery  55 
C (Capacitance)  23 
CR and LIB Time Constants 29-31,537 
Cable Lacing  517 
Canadian Director  12 
Capacitance and Condensers 23-26 
Capacitance: 

Distributed  49 
Feed-Back  62 
Inductance, and Frequency Charts 542,543 
Interlectrode   61,62,145 
Measurement 473-474 
Specific Inductive    23 
Tube Input.   . 61-62 
Tube Output  63 

Capacitance-Resistance Time Constant  29 
Capacitive Coupling 45,143,502-503 

Reactance 32-33 
Carbon Microphone   238 
Carrier 51,265 
Carrier Suppression .    291-292 
Cascade Amplifiers   58 
Cascode R.F. Amplifier  366 
" Catcher"   427-428 
Cathode .    52-53 
Cathode-Bias Calculation    65 
Cathode-Ray Oscilloscopes  481-484 
Catwhisker .    69 
Cavity Resonators 424-426 
Cell  16 
Center-Fed Antenna 334-337 
Center Loading    454 
Center-Tap, Filament .     64 
Center-Tap Full-Wave Rectifier 205-206 
Center-Tap Keying   230-231 
Center-Tap Modulation   276-277 
Channel  265 
Characteristic Curves   54-55 
Characteristic Impedance  307,314 
Characteristics, Crystals    131 
Characteristics, Dynamic.     55 
Characteristics of Amateur Bands 70,361 
Characteristics of Radio Waves 70-72 
Charges, Electrical 15,16 
Chassis Layout   513-514 
Chirp, Keying  133-134,229 
Choke: 

Coil 26,210 
Filter    210 
Radio-Frequency   48,153 
Swinging    211 

Choke-Coupled Modulation   270-271 
Choke-Input Filter 210-212 
Circuit Tracking 83,98 
Clapp Oscillator  133 
Class A Amplifiers 58 
Class AB Amplifiers  60 
Class B Amplifiers 59-60 
Class B Modulators  257-2È1 
Class C Amplifiers.     " 60 
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Clicks, Keying 229,231-233 
Clipping-Filter Circuit 247-249 
Clipping, Speech   245-249 
Closed Stub  317 
Club Affiliation    530 
Coaxial Antennas  419 
Coaxial-Electrode Tubes  385 
Coaxial-Line Circuits 421-422 
Coaxial-Line Matching Section 351-352 
Coaxial Plug Connections 516-517 
Coaxial Transmission Lines.  312,313-314 
Code (Continental) and Code Practice 13-14 
Code Proficiency Certificate  532 
Coefficient of Coupling.  29,46 
Coefficient, Temperature  19 
Coil (see " Inductance ") 
Cold-Cathode Rectifiers  206 
Collinear Arrays   345-346 
Color Codes, RTMA  518-519 
Colpitts Circuit    . 67,132-133 
Combined A.C. and D.0  48-50 
Combination Arrays  352 
Compact Antennas  342-343 
Complex Waves 17,37 
Component Values  517 
Compression, Speech Amplifier 244-245 
Concentric-Line Matching Section.   351-352 
Concentric Transmission Line  312 
Condenser .     23 
Condenser-Input Filter 209-210 
Condensers: 
Bandspread  82 
Buffer   225-226 
By-Pass 49,153 
Ceramic  518 

25 
209-212 

Electrolytic.   
Filter  
Fixed 24-25,501,518 
Main-Tuning    82 
Neutralizing  145 
Padding  83 
Trimmer    83 
Variable 24-25 

Conductance    16 
Conductance, Mutual  55 
Conductivity 15,16,542 
Conductor Size, Antennas   333 
Conductors  16 
Cone Antennas  420 
Constant, Time 29-31,91 
Constants, LC  44 
Constant-Voltage Transformers 221-222 
Construction, Antenna 353-360 
Construction Practice 512-519 
Continental Code 13-14 
Control Circuits, Station 486-487 
Control Grid    54 
Controlled Carrier.   275 
Conversion Efficiency    84 
Converters, D.C.-A.0  225 
Converters, Audio  86 
Converters, Frequency 83-84,99 
Converters, V.H  F  369-378,440-444 
Copper-Wire Table  539 
Cores 26,27-28,213 
Corner Reflector Antenna   419 
Counterpoise  343 
Countries List, ARRL   536 
Coupled Circuits   44-47 
Couplers, Antenna 117-118,321-329 
Coupling  29 
Coupling: 
Antenna to Receiver 81,321-322,384 
Amplifier-Output   136-138 
Antenna to Transmitter 322-327 
Capacitive 45,143,502-503 
Choke   57 
Circuits 44-47,57 
Close    29 
Coefficient of   29,45 
Condenser  57 
Critical   46 
Impedance   57 
Inductive 45,142 
Interstage 141-144 
Link.  47,142,323-324,325-326 
Loose  29 
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143-144 Diode Detectors   77-78 
57, 241 Diodes.   53 

Dipole, Folded 317-318, 351, 413 
Dipole, Half-wave.   332 
Direct Current.    16-17 
Direct Feed for Antennas  334 
Directive Antennas. 337-338, 343-352 
Directivity, Antenna 334, 337-338, 34a-352 
Director, Antenna  349 
Directors, ARRL  12 
Discharging, Condenser  23 
Discriminator  101 
Dissipation, Grid.   139 

  492 Dissipation, Plate and Screen 138-141 
Distortion, Harmonic 56-57 
Distributed Capacitance and Inductance . . .  49 
Dividers, Voltage 214-215 
Divisions, AREL.    12 
Door-Knob Tube  430 
Doubler, Frequency    129 
Doublet, Folded  317-318, 351, 413 
Doublet, Half-Wave   332 
Double-Humped Resonance Curve 46-48 
Double-Sideband Reduced-Carrier   292-293 
Double Superheterodyne  84 
Drift, Frequency 67-65, 132, 134 
Drift Space -127 -125 
Drill Sizes (Table)  513 
Driven-Element Directive Antennas  345 
Driver .    59, 129 
Driver Power  138-139, 239 
Driver Regulation   294 
Drivers for Class B Modulator 257-264 
Driving-Power Plate-Circuit-Efficiency Curve 139 
Dummy Antenna 152, 502 
Duplex-Diode, Triodes and Pentodes -------- 66 
DX Century Club 531-532 
DX Operating Code  524 
DXCC 531-532 
Dynamic: 

Characteristics  55 
Instability 67-68 
Microphones   239 

Dynamotors  224-225 
Dynatron-Type Oscillator  428 
E (Voltage)  17 
E Layer  73 
E.M.F., Back  26 
E.M.F., Induced    .. 26 
Eddy Current 28, 40 
Effective Current Value  17 
Efficiency   • .22-23 

Amplifier   138-139 
Conversion  84 
Transformer   38, 39 

Electric Current  16 
Electrical Charge  15 
Electrical Laws and Circuits 15-51 
Electrode  52 
Electrolytic Condensers  25 
Electromagnetic: 

Deflection  481 
Field  15 
Waves   15, 17 

Electromotive Force ( E.M.F.)  16 
Electron-Coupled Oscillator 130, 133 
Electron: 
Gun  481 
Lens   482 
Transit Time 426-427 

Electronic: 
Conduction  16 
Keys   237 
Switching  66 
Voltage Regulation  .215-217 
Electrons .   ... 16 
Electrostatic: 
Coupling  . ..45-46 
Deflection 481-482 
Field  15 
Shield  124, 502-503 
Waves  71-72 

Element Spacing, Antenna   345 
Elements, Antenna  345 
Elements, Vacuum Tube   52 
Emergency Communication 527-529 
Emergency ( on, munierdions   528 

Pi-Section  
Resistance  
Transformer 45-46, 57, 241 
To Transmission Lines  136-138 
To Wave Guides and Cavity Resonators . . . . 426 
Tuned  137, 138, 322-323 

Critical: 
Angle    73 
Coupling   46 
Frequency  73 
Inductance  210 

Critical Coupling  46 
Cross-Modulation .   . 97, 492, 508 
Cross-Talk  
Crystal: 

Diodes ..  68-69, V-65 
Filters  95 
Grinding 131-132 
Microphones 238-239 
Oscillators 129, 130-132, 386-387 
Resonator    47 

Crystal Characteristics.     131 
Crystal-Controlled Converters .. . 121-124, 369-374 
Crystal-Controlled Oscillators .   129, 

130-132, 386-387 
Crystal Detector   77 
Crystal Fitter, Tuning with 95, 100 
Crystal, Germanium 68-69 
Crystals, Overtone 386-387 
Crystals, Piezoelectric 47-48, 131-132 
Current: 

Alternating  16, 32-40 
Antenna  336 
Direct  16 
Distribution, Antenna   336 
Eddy 28, 40 
Effective  17 
Electric   15-16 
Feed for Antennas .   334 
Gain .  ...•  69 
Lag and Lead 31, 33-36 
Line  307 
Loop  309 
Magnetizing  38 
Measurement 458-459 
Node s    309 
Plate    53 
Pulsating    53 
Values . . ........ . . 17 

Current-Intensity Modulation  . 427-428 
Curve, Resonance    . 41-43, 46-47 
Curves, Tube-Characteristic  55 
Cut-Off Frequency   540, 541 
Cut-Off, Plate-Current 54-56, 63, 139-141 
C.W. Procedure .    520-521 
C.W. Reception  99-100 
Cycle 16, 31 
Cyclic Variations in Ionosphere 74-75 
Cylindrical Antennas  420 
D Region  73 
Data, Miscellaneous 535-543 
D.0 16-17 
D.C. Instruments 457-462 
Dead Spots .   81 
Decay, Voltage  537 
Decibel  537 
Decoupling 88-89, 239-241 
Deflection Plates   481-482 
Degeneration   60-61 
Degree, Phase    31 
Deionizing Voltage  66 
Delayed A.V  C   90 
Delta Matching Transformer 319-320, 

335, 351, 413 
Demodulation   51, 77-82 
Density, Flux  15 
Design of Speech Amplifiers  . 242-243 
Detection 51, 76-82 
Detectors   77-82 
Deviation Ratio   285 
Diagrams, Schematic Symbols for  2 
Diamond Antenna 344-345 
Dielectric    23 
Dielectric Constants  23 
Dies    513 
Difference of Potential .   15, 16 
Diffraetion of Radio Waves.   71 



Emergency Coordinator.   
Emergency Power Supply  
Emission: 

Electron  52 
Secondary.   62 
Thermionic  53 

Emitter, Transistor.   69 
End Effect  332 
End-Fire Arrays 345, 346-348 
Energy 22-23 
Excitation 138-139 
Exciter Units (see " Transmitters") 
Exciting Voltage  58 
Extended Double-Zepp Antenna  342 
FM (see " Frequency Modulation") 
F-Layer  73, 362 
Fade-Outs, Radio    75 
Fading  74 
Farad     24 
Faraday Shield.     124 
Feed-Back  60-61, 96-97, 260-261 
Feed, Series and Parallel 48-49 
Feeders and Feed Systems 307-329, 334-336 
Feeding Close-Spaced Antenna Arrays .... 351-352 
Feeding Half-Wave Antennas   334-336 
Feeding Long-Wire Antennas   338 
Fidelity 77, 88, 238 
Field Direction  15 
Field, Electromagnetic  15 
Field, Electrostatic  15 
Field Intensity .  15, 330 
Field, Magnetostatic. 15 
Field Strength    330 
Field-Strength Meter   . 475-476 
Filament 52-53 
Filament Center-Tap 64-65 
Filament Hum 64-65 
Filament Supply  213 
Filament Voltage.   139 
Filter Component Ratings  212 
Filter, Crystal    95, 100 
Filter Resonance  212 
Filters  540, 541 
Audio 245-246 
High-Pass 509-510, 540, 541 
Keying 231-233 
Line  494 
Low-Pass 504-507 
Power-Supply 20s-212 
It.F 231 -233 

Filtering, Audio   244-245 
Finishing Aluminum  515 
First Detector  83 
Fixed Condenser 24-25 
Flat Lines.   311 
Flux Density, Magnetic 15, 28-29 
Flux, Leakage  39 
Flux Lines  15 
Fly-Back    482 
Focusing Electrode    482 
Folded Dipole  317-318, 334-335, 351, 413 
Force, Electromotive  16 
Force, Lines of.   15 
Form, Log   525 
Form, Message  526 
Forward Resistance  69 
Free-Space Pattern    333 
Frequency  16 
Frequency Measurement: 

Absorption Frequency Meters   462-463 
Frequency Standards   . 467-468 
Heterodyne Frequency Meters 465-466 
Interpolation-Type Frequency Meter . 467-468 
Lecher Wires   464 
WW V Schedules   466 

Frequency and Phase Modulation 284, 388 
Narrow-Band Reactance-Modulator Unit .. 288 
Deviation Ratio.   285 
Discriminai or  101 
Index, Modulation   285 
Methods 286-287 
On V.H.F   388 
Principles  284 
Reactance Modulator 287, 288 
Reception  101 
Transmitter Cheeldng 28e-290 

Frequency-Wavelength Conversion  18 
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  529 
224-228 
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Front-to-Back Ratio  330 
Full-Wave Bridge Rectifiers  206 
Full-Wave Center-Tap Rectifiers 205-206 
Fusing   490 
Gain Control  98, 99, 242 
"Gamma" Match.    318-319, 351 
Ganged Tuning  
Gaseous Regulator Tubes   215 
Gasoline-Engine-Driven Generators 227-228 
Genemotors  228 
Generator  16 
Generator Noise    434 
Germanium Crystals 68-69 
Grid.   54 

Bias 64-65, 139-140, 217-219, 258 
Condenser   67, 153 
Current 54, 139 
Excitation  67 
Keying  230 
Leak   139 
Resistor  57 
Suppressor    62 
Voltage   54 

Grid-Bias Modulation  271-273, 283 
Grid-Cathode Capacitance    . 61-62 
Grid-Control Rectifiers .   66 
Grid-Dip Meters  469-471 
Grid-Input Impedance  141 
Grid-Leak Detectors.  80-82 
Grid-Plate Capacitance  61-62 
Grid-Plate Crystal Oscillator   130 
Grid-Plate Transconductance  55 
Ground   49-50, 331-332 
Ground Effects   331-332 
Ground-Plane Antenna  340-342 
Ground Potential 49-50 
Ground Waves  72 
Grounded Antennas 340-343 
Grounded-Grid Amplifier.  64, 366-367, 387 
Grounds   343 
Guys, Antenna.   355 
Half-Wave Antenna  332 
Half-Wave Line.   387 
Half-Wave Rectifiers  205 
Halyards, Antenna 355-356 
Harmonic  17 
Antenna 336-338 
Distortion 56-57 
Generation   497-498, 508 
Operation of Antennas  336-338 
Reduction 388, 502-508 
Suppression, Audio  258 
Traps 498-499, 510 

Hartley Circuit 67, 68, 132-133 
Hash Elimination  226 
Heater  53 
Heating Effect  17 
Henry    26 
Hertz Antenna.   332 
Heterodyne Frequency Meters 465-466 
Heterodyne Reception  76 
Heterodyning   51 
High-('   44 
High Frequencies   17 
High-Frequency Communication  70-75 
High-Frequency Oscillator 86-87 
High-Frequency Receivers 76-128 
High-Frequency Transmitters 129-204 
H igh-Pass Fil t ers  509-510, 540, 541 
High-Q Circuit 42-43 
II igh-Vacuum Rectifiers 53, 54, 206-207 
High-i, Tubes  55 
Iliram Perey Maxim Memorial Station . . . . 12, 531 
History of Amateur Radio  9-12 
Horizontal Angle of Radiation   330 
Horizontal Polarization of Radio Waves  71 
Hum 64-65, 81, 264, 282 

28 Hysteresis. 
/ (Current) 15-16 
Ignition Interference 433-434 
Image  84-94 
Image Ratio 
Image Response .     492 
Impedance 35-36 
Antenna 316, 330, 331, 337, 413 
Characteristic 307, 314 
Complex  35 

83 

84 
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Grid Input  
Input 
Matching 
Modulating 269-270 
Surge  307 
Transformation  311 
Transformer   . 317-318 
Transformer Ratio 39, 257-258 
Transmission-Line  307 

Impedance-Coupled Amplifiers   57 
Imperfect Ground  331 
Impulse Noise  92 
Index, Modulation  285 
Indicators, Tuning 93-94 
Induced E.M.F  26 
Inductance 26-29 

Capacitance and Frequency Charts .... 542, 543 
Critical  210 
Distributed  49 
Leakage  39 
Measurement  473 
Mutual  28-29 
Optimum Value  210 
Slug-Tuned    83 
Small Coil    543 

Inductance-Resistance Time Constant 30-31 
Inductance in Series and Parallel  28 
Inductive Capacitance, Specific  23 
Inductive Coupling 45, 142, 322-324, 325-326 
Inductive Neutralization  145, 147-148 
Inductive Reactance.  33-34 
Inductor  26 
Infinite Impedance Detector 79-80 
Input Choke    210 
Input Impedance 310-311, 316 
Instability, Receiver 77, 103 
Instantaneous Current Value  17 
Insulators  16 
Interelectrode Capacitances 61-62 
Interference Patterns   496 
Intermediate Frequency  .83-84 
Intermediate Frequency Amplifier 87-91, 94 
Intermediate-Frequency Bandwidths, Table.. 89 
Intermediate-Frequency Noise Silencer  93 
Intermediate-Frequency Transformers 88-89 
Intermittent Direct Current 16-51 
Interpolation-Type Frequency Meter 467-468 
Interruption Frequency  368 
Interstage Coupling 141-144 
Inverse-Distance Law of Propagation  71 
Inverse Peak Voltage  207 
Inversion, Phase  242 
Inversion, Temperature  364 
Ionization 15, 72-75, 363-365 
Ionizing Voltage  66 
Ionosphere   . 71-75, 363-365 
Ionosphere Storms  75 
Ionospheric Propagation 72-75 
Ions 15, 72 
Iron-Core Coils  27-28, 37, 38 
Isolating Amplifiers  133 
'' J" Antenna  413 
Junction Transistors  69 
Keeping a Log   525 
Key Chirps  229 
Key Clicks  229, 231-233 
Keyer Tubes  231 
Keying: 
Backwave  229 
Break-In  . 229-230, 236-237 
Electronic Keys   237 
Key-Click Reduction 231-233 
Methods 229-234 
Monitoring    234 

Kilocycle  17 
Kilohm   20 
Kilovolt  22 
Kilowatt  22 
Kilowatt Hour   23 
Klystrons   427-428 
L (Inductance) 26-29 
LC Constants    44 
L/C Ratios 44, 138, 272 
L/R Time Constant 30-31 
" L "-Section Filters  541 
Lacing Cable    517 
Lag Circuits 231-233 
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141 Lag, Current or Voltage 
 310-311, 316 Laminations  

39, 257-258, 414-415 Laws Concerning Amateur Operations 
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 31, 33-36 
28 
13 

Laws, Electrical.  15-51 
Lazy-H Antenna  347 
Lead, Current or Voltage 31, 33-36 
Lead-In, Antenna  353-354, 356 
Leakage Flux    39 
Leakage Inductance  39 
Leakage Reactance   39 
Lecher Wires   465 
Level, Microphone  238 
License Manual, The Radio Aniateur'a  13 
Licenses, Amateur.   13 
Lighthouse Tubes  366, 385, 427 
Lightning Protection  356 
Limiters, Noise 92-93, 435 
Limiting Resistor  215 
Line Current  36 
Line Filters 
Line-Voltage Adjustment 221-222 
Linear-Amplifier Tube - Operation Data... 296 
Linear Amplifiers ... _ 59-60, 291, 294-297,305-306 
Linear Reactances  317 
Linear Sweep   482 
Linear Transformers    317 
Linearity 56, 268, 270 
Lines, Matched   307-308 
Lines of Force  15 
Lines, Nonresonant and Resonant  311 
Lines, Parallel Conductor  312-313 
Lines, Transmission  307-329 
Link Coupling .17, 112', :322-323, 324-325 
Link Neutralization   147, 148 
Lissajous Figures.  482-483 
Load  22, 55-56 
Load Impedance   257 
Load Isolation, VFO  133 
Load Resistor  53, 55-56 
Loaded Circuit Q 43, 44 
Local Oscillator  83, 86-87 
Locations, \,.H.le    365 
Locking-In   81-82 
Log Station   525 
Logarithmic F.S. Meter  476 
Long-Wire Antennas 336-338 
Long-Wire Directive Arrays  343-345 
Loops.   309 
Losses, Hysteresis  28 
Loudspeaker Coil Color Code    519 
Low-C    44 
Low Frequencies  17 
Low-Level Modulators  284 
Low-Pass Filters 246, 504-507, 540, 541 
Low-p Tubes  55 
Lumped-Constant Circuits 422-423 
MUF (see " Maximum Usable Frequency") 
Magnetic Storms.  75, 364 
Magnetizing Current   38 
Magnetrons 428-429 
Marker Frequencies    467 
Masts 353-355 
Matched Lines 307-308 
Matching, Antenna  316-322, 334-336 
Maximum Inverse Peak Voltage  207 
Maximum Usable Frequency 73, 362 
Measurements: 
Antenna  471-481 
Capacitance 473-474 
Current  458-459 
Field Strength   475 
Frequency  462-471 
Inductance  473 
Modulation  263-264, 278 
Output Power  152 
Phase  31 
Power  473 
Resistance 459-461, 474 
Standing-Wave Ratio 476-481 
Voltage 457-458 

Measuring Instruments  457 
Medium of Propagation  71 
Medium-p Tubes  55 
Megacycle  17 
Megatrons  427 
Megohm   20 
Mercury-Vapor Rectifiers 66, 207 

494 
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Message Form  526 
Message Handling.  525-527 
Meteor Trails 75, 364 
Metering 149-152 
Meters, Volt-Ohm-Milliampere 460-461 
Meter Switching  149-152 
Mho   19 
Microampere   20 
Microfarad and Micromicrofarad  24 
Microhenry.    27 
Micromho  19, 55 
Microphones.   .238-239 
Microvolt    20 
Microwaves (see also " Ultra-High-Frequen-

cies")  421 
Milliammeters 53, 458-459 
Milliampere    ..   17 
Millihenry  27 
Millivolt   20 
Milliwatt  22 
Miscellaneous Data 534-543 
Mixers.    83-84, 367 
Mobile: 
Antennas  452-456 
Equipment  433-456 
Power Supply.     452 
Receivers    . 436-444 
Transmitters 445-452 

Modes of Propagation  424-425 
Modulation, Heterodyning and Beats 50-51 
Modulation: 
Amplitude Modulation   51, 265 
Capability.   268 
Cathode Modulation.    276-277 
Characteristic  268 
Checking AM 'Phone Operation 263-264, 277-283 
Choke-Coupled Modulation 270-272 
Controlled-Carrier Systems   275 
Depth  265-266, 285 
Driving Power  259 
Envelope     266 
Frequency Modulation.  284, 388 
Grid-Bias Modulation  271-273, 282 
Heising Modulation  271-272 
Impedance  269 
Index    285 
Linearity  268 
Methods  268-269 
Monitoring   283 
Narrow-Band Frequency  285 
Percentage of  265-276 
Phase Modulation  285 
Plate Modulation 269-271 
Plate Supply   256, 268, 281 
Power   266 
Screen-Grid Amplifiers   273-275 
Suppressor-Grid Modulation 275-276 
Test Equipment   263-264, 278 
Velocity Modulation.    427-428 
Waveforms 266, 267, 279, 281 

Modulator Tubes  257 
Modulators (see " Radiotelephony")  239 
" Monitone"  235-236 
Monitors  234-238, 283, 487-489 
Motorboating   103 
Mu GO   55 
Mu, Variable  63 
Multiband Antennas 338-339 
Multielement Tubes   66 
Multihop Transmission 74, 364 
Multimeters  460-461 
Multipurpose Tubes   66 
Multipliers, Frequency 129, 148-149 

387, 410-411 
Multipliers, Voltmeter 457-458 
Multirange Meters  460-461 
Musical Scale   538 
Mutual Conductance 55, 63 
Mutual Inductance  28-29 
NFM Reception  101 
Narrow-Band Frequency Modulation  285 
National Traffic System   527 
Natural Resonances  49 
Negative Feed-Back 61, 260-261 
Negative Resistance   68 
Negative-Resistance Oscillators  428 
Network Operation 526-527 
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Neutralization  145-147, 270 
Nodes  309 
Noise Figure.    76-77 
Noise-Limiter Circuits   . 92-93, 435 
Noise, Receiver 76-77, 92-94 
Noise Elimination, Mobile 433-435 
Noise Reduction 92-93, 226, 228 
Nomenclature, Frequency-Spectrum . 17-18 
Nonconductors  16 
Nonlinearity 56, 77, 268 
Nonradiating Loads 321-322 
Nonresonant Lines   311 
Nonsynchronous Vibrators   225 
Nucleus.   16 
Official Bulletin Station  530 
Official Experimental Station   530 
Official Observer Station  530 
Official 'Phone Station  529 
Official Relay Station  529 
Ohm.  18 
Ohm's Law   19-20 
Ohm's Law for A.0 34-35, 36 
Ohmmeters 459-460 
Old 'rimers Club    533 
Open Stub  317 
Open-Wire Line   312-313 
Operating an Amateur Radio Station.. .526, 527, 533 
Operating Angle, Amplifier   60 
Operating a Station 520-533 
Operating Bias .    139-140 
Operating Point.    56 
Operator License, Amateur  13 
Oscillation 61, 66-68, 69, 103 
Oscillations, Parasitic   146-147 
Oscillator Keying  229, 236 
Oscillators  66-68, 69 
Oscillators, Test  468 
Oscilloscope Patterns 264, 278-280, 

302, 483 
Oscilloscopes . 263-264, 481-484 
Output Condenser, Filter.   212 
Output Limiting   245 
Output Power 58, 152 
Output Voltage  240 
Overexcitation, Class B Amplifier  259 
Overmodulation 265, 267, 283 
Overmodulation Indicators   283 
Oxide-Coated Cathode  53 
P (Power) .    22-32 
PM (see " Phase Modulation") 
Padding Condenser  83 
Parabolic Reflectors   420 
Parallel Amplifiers  57, 147-148 
Parallel Antenna T  ' g  324-325 
Parallel Capacitances   25 
Parallel Circuits  25-26, 28, 32 
Parallel-Conductor Line.   312 
Parallel Feed 48-49 
Parallel Impedance 36-37, 43 
Parallel Inductances  28 
Parallel Resistances 20-22 
Parallel Resonance  42-43 
Parallel Tuning  324-325 
Parasitic Elements, Antenna Arrays with . 349-352 
Parasitic Excitation   349 
Parasitic Oscillations 146-147, 149 
Passband, Receiver.   . 77, 78 
Patterns, Oscilloscope 264, 278-280, 302, 483 
Patterns, Radration  333, 337 
Pittterns, T VI  496 
Peak-Current Value  17 
Peak-Voltage Rating  207 
Pencil Tubes 366, 385 
Pentagrid Converters  85-86 
Pentode Amplifiers  63 
Pentode Crystal Oscillators  130 
Pentodes  62-63 
Percentage of Modulation 265-276 
Per Cent Ripple 209-210 
Pgrmeability  27 
Phase  31-32 
Phase Inversion   242 
Phase Modulation (see also " Frequency and 
Phase Modulation")  285-287 

Phase-Modulation Reception  101 
Phase Relations, Amplifiers  56 
Phase Shift   286 
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Phased Antennas  345 
'Phone Activities Manager  529 
'Phone Reception   100 
Phonetic Alphabet  ..     .. 523 
Pilot Lamp Data (Table)    543 
Pi-Section Coupling  144 
Pi-Section Filters  138 
Pi-Section Tank Circuit   138 
Pierce Oscillator.   130 
Piezoelectric Crystals 47-48 
Piezoelectric Microphone  239 
Piezoelectricity  47 
Plane-Reflector Antennas 418-419 
Plate-Cathode Capacitance.  61-62,145 
Plate-Circuit-Efficiency-Driving-Power Curve 139 
Plate-Current Shift   281-283 
Plate  52 

Blocking Condenser  153 
Current  53 
Detectors  79 
Dissipation 138-139 
Efficiency  58,138-139 
Modulation     269 
Neutralization  145 
Resistance  55 
Resistor  57 
Supply, Audio 258,268 

Plate Transformer.    212-213 
Plate Tuning, Power-Amplifier .  149-152 
Plates, Deflection   .481-482 
"Plumber's Delight" Antenna  . 358-360 
Point-Contact Transistor  69 
Polarization.  71,330,332,412-413 
Portable Antennas  . 452-456 
Positive Feed-Back  61 
Pot Tank Circuits  427 
Potential Difference 15,16 
Potential, Ground 49-50 
Powder, Antistatic   435 
Power 22-23 
Power Amplification 58-60 
Power-Amplification Ratio    58 
Power Factor  37 
Power Gain, Antenna   330,337 
Power Input    53 
Power Measurement.    22-23,473 
Power Output  58,152 
Power, Reactive  34 
Power, Reflected   308-309 
Power Sensitivity  58 
Power-Supply Construction Data 222-224 
Power Supplies: 

Bias Supplies   217-219 
Combination A.C.-Storage Battery Supplies 

224-227 
Constructional (see Chapters Five and Six) 
D.C.-A.C. Converters  
Dry Batteries  
Dynamotors  
Emergency Power Supply  
Filament Supply  
Genemotors  
Heavy-Duty Regulated Power Supply  
Noise Elimination 226,228 
Plate Supply 258,268 
Principles  205 
Receivers    106 
Safety Precautions 223-224 
Selenium Rectifiers   ...... . .. . 219-220 
Vibrators  225,226-227 
Vibrator Supplies.  225-227 

Preamplifier, Receiver   98-99 
Prediction Charts  75 
Preferred Values, Component  517 
Prefixes  536 
Preselectors  ..   98 
Primary Coil  37 
Procedure, C.W 520-521 
Procedure, Voice  522-523 
Propagation, Ionospheric.  72-75,362-363 
Propagation Modes .  424-425 
Propagation Patterns 333-338 
Propagation Phenomena 363-365 
Propagation Predictions. 75,363 
Propagation, V.H  F  362 
Protective Bias  139-140 
Public Relations, BCI-TVI   491 

225 
228 

224-225 
224-228 
  213 
227-228 

216 
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Public Service 10-11 
Pulleys, Antenna ...   . . .355-356 
"Pulling"  81-82,84 
Pulsating Current   53 
Puncture Voltage  23,25 
Push-Pull Amplifier   58-59,148 
Push-Pull Multiplier  149 
Push-Push Multiplier   149 
Push-to-Talk   489 
Q 41-48,83,95,135-138,142,272,351,426 
"Q5-er" 95-96 
"Q" Antenna  414-415 
Q, Loaded Circuit 43-44 
Q, Mobile Antenna   453-455 
" Q "-Section Transformer  316,414-415 
Q Signals  535 
QS7'  12 
Quarter-Wave Transformer ....   316 
Quenching    368 
R (Resistance) 18-22 
RC Circuits 29-30,537 
R.F  17 
R.M.S. Current Value  17 
RST System     535 
Radiation, Transmission Line  311-312 
Radiation Angle    .73,330,331 
Radiation Characteristics  334 
Radiation from Transmitter  .499-502 
Radiation Patterns 333,337 
Radiation Resistance 333,337 
Radio Amateur Civil Emergency Service .... 529 
Radio Frequency  17 
Radiotelegraph Operating Procedure 520-521 
Radiotelephone Operating Procedure 522-523 
Radiotelephony: 
Adjustments and Testing . . . ... 263-264,277-283 
Audio-Harmonic Suppression   258 
Checking AM Transmitters .    277-283 
Checking FM and PM Transmitters .. - 289-290 
Constructional: 

40-Watt Class AB' Modulator 252-254 
Simple Grid Modulator  250 
Class B Modulator with Filter    262 
Clipper-Filter Speech Amplifier ...  247-249 
Push-Pull 807 Modulator and Speech 

Amplifier.  255-256 
Screen Modulator  251 
Crystal- Filter SSB Exciter.  302-304 
Narrow-Band Reactance-Modulator Unit" 288 
Phasing-Type SSB Exciter  . 297-302 

259-261 Driver Stages. 
Measurements 263-264,281-282 
Microphones  .238-239 
Modulation  265 
Modulators and Drivers.    257-264 
Monitors   234-236,283 
Output Limiting    245 
Overmodulation Indicators    283 
Principles  265 
Reception  100 
Resistance-Coupled Speech-Amplifier Data  241 
Single-Sideband Transmission  291 
Speech Amplifiers 239-244 
Volume Compression  244-245 

Radio Waves, Characteristics of .. _ 70-72,362-365 
Rag Chewers Club  532 
Range, V.H F   362 
Ratio, Deviation  285 
Ratio, Image   84 
Ratio, Impedance   39-40 
Ratio, Turns  38 
Ratio, Power-Amplification  58 
Ratio, Standing Wave 309-310,476-481 
Ratio, Transformer 257-258 
Ratio, Voltage-Amplification  56 
Ratio, L/C  .44,138 
Reactance, Capacitive  32-33 
Reactance, Inductive  33-34 
Reactance, Leakage  39 
Reactance, Linear  317 
Reactance Modulator  288 
Reactance, Transmission-Line 308-309 
Reactive Power   34 
Readability Scale  535 
Rebound   364 
Receiver Servicing 102-103 
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Receivers, High-Frequency: (see also " V.H.F.") 
Antennas for 352-353 
Constructional: 

1-Tube Converter for 10 and 11 Meters. 119-120 
1-Tube Regenerative Receiver 104-106 
All-Purpose Super-Selective I.F. AmpWier 

125-128 
Antenna Coupling Unit for Receiving... 117 
Bandswitching Preselector for 14 to 30 
Mc   115-116 

Clipper/Filter for C.W. or 'Phone 112-113 
Crystal-Controlled Converters for 14, 21 
and 28 Mc 121-124 

Receiver Matching to Tuned Lines  118 
"Selectoject"  114 
Two-Band Five-Tube Superhet. 107-111 

Reception, NFM, FM and PM  101 
Reception, Singie-Sideband 101-102 
Rectification  . 53-54 
Rectified A.0  53 
Rectifiers 
Rectifiers, Grid-Control 
Rectifiers, Mercury-Vapor 
Rectifiers, Selenium 207, 219-220, V-65 
Reflected Impedance  35 
Reflected Waves 308, 363-365 
Reflection of Radio Waves .. . ...... 71, 72, 363-365 
Reflection from Meteor Trails.   364 
Reflection, Ground 72, 331 
Reflector, Antenna  349 
Reflex Klystrons   .427-428 
Refraction of Radio Waves 71, 72, 365 
Regeneration 60, 61, 99 
Regenerative Detectors 80-82 
Regenerative I.F.  94-95 
Regenerative R.F. Stage, Receiver  96 
Regulation, Driver  294 
Regulation, Voltage  208, 209 
Regulations, Amateur 13-14 
Regulator Tubes   215 
Regulator, Voltage  215, 216 
Relays 231, 489 
Resistance 18-22 
Resistance, Back   69 
Resistance, Forward  69 
Resistance-Bridge Standing-Wave Indicator 

476-480 
Resistance-Capacitance Time Constant 29-30 
Resistance-Coupled Amplifier Data (Chart)   241 
Resistance in Series and l'arallel  20-22 
Resistivity  18 
Resistor  19 
Resistor Color Code  519 
Resistor Wattage   29-23 
Resonance  40-44 
Resonance Curve  . 41-43, 46-47, 540 
Resonance, Filter  212 
Resonance, Sharpness of 
Resonant-Line Circuits  
Resonant Transmission Lines 
Resonator, Cavity . 424-426 
Response, Flat  61 
Response, Frequency 61, 238, 240 
Response, Tuned-Circuit  540 
Restricted-Space Antennas  338-339 
Restriction of Frequency Response 244-246 
Return Trace   482 
Rewinding Transformers   213-214 
Rhombic Antenna 344-345 
Rhumbatrons 427-428 
"Ribbon" Microphone   239 
Ripple Frequency and Voltage  208-209 
Rochelle Salts Crystals  47 
Rotary Antennas  350 
Rotary-Beam Construction   357-360 
Route Manager  529 
S-Meters 93  94 
S Scale    535 
SSB Exciters  297-304 
Safety    489-490 
Saturation   27,212 
Saturation Point   53 
Sawtooth Sweep  482 
Scatter  74,364 
Screen By-Pass Condenser   66 
Screen Circuits, Toned  388 
Screen Dissipation  141 

 66,69,206-210 
66 

66,207 

 41-43,351 
422 
311 

PAGE 

Screen Dropping Resistor  66 
Screen-Grid Amplifiers 134, 141,270 
Screen-Grid Keying  230 
Screen-Grid Modulation.  273-275 
Screen-Grid Tube Protection  141 
Screen-Grid Tubes 62-63 
Screen-Voltage Supply    66 
Second Detector 83-84, 89-90 
Secondary Coil  37 
Secondary Emission   62 
Secondary Frequency Standard 467-468 
Section Communfeations Manager .   529 
Section Emergency Coordinator  529 
Section Nets  530 
Selective Fading  74 
Selectivity 46-47, 76-77 
Selectivity Control  95 
Selectivity, Receiver 77, 94-98 
Selenium Rectifiers 207, 219-220, V-65 
Self-Bias   139-140 
Self-Controlled Oscillators  129 
Self-Inductance  26 
Self-Oscillation 66-67, 96-97 
Self-Quenching   368 
Semiconductors  68-69 
Sending  521 
Sensitivity, Receiver .  76-77, 98-99 
Series Antenna T  ' g 324-325, 340 
Series Capacitances.  25-26 
Series Circuits  . 20-22, 25-26, 28 
Series Feed   48-49 
Series Inductances .   28 
Series-Parallel Resistances 21-22 
Series Resistances   . .20-21 
Series Resonance 41-42 
Series Voltage-Dropping Resistor  214 
Servicing Superhet Receivers   102-103 
Sharp Cut-Off Tubes  63 
Sheet Metal Cutting and Bending   515 
Shielding  • 50, 62, 504-505 
Shields  50 
Shield, Electrostatic 124,503 
Short Skip 363-364 
Shorting Stick   489-490 
Short-Circuiting  23 
Shot Noise   92 
Shunts, Meter 458-460 
Sideband Cutting  88 
Sideband Interference . .  265, 268 
Sidebands   51,265 
Side Frequencies  51,265 
Signal Generators  468-471 
Signal-Handling Capability. 77 
Signal-to-Image Ratio  84 
Signal Monitor    234 
Signal Monitoring   234 
Signal-Strength Indicators 93-94 
Signal-Strength Scale  535 
Signal Voltage  55 
Silencers, Noise   92-93 
Sine Wave   17,31-37 
Single-Ended Circuits  50 
Single Sideband (see also " Radiotelephony") 

Amplification 294-297, 30a-306 
Exciters 297-304 
Signal Reception    86, 101 
Transmission  291-306 
Reception    94 

Single-Signal Reception  94-95 
Skin Effect  19 
Skip Distance 73-74, 362-365 
Slip Zone 0  73 
Skirt Selectivity.   77 
Sky Wave   72-75 

83 
212 
363 
515 
52 
72 

Spark Plug Suppressors 433-434 
Special-Type Tubes  66 
Specific Inductive Capacity.     23 
Spectrum, Frequency    . 17-18, 70 
Speech Amplifiers 239-244 
Speech Amplifier Design 242-243 
Speech Clipping and Filtering.  245-246 

Slug-Tuned Inductance  
Smoothing Choke  
Solar Cycle  
Soldering .   
Space Charge  
Space Wave 
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Speech Compression  244-245 
Speech Equipment   . 238-246 
Splatter    267 
Sporadic-E Layer Ionization 75,363-364 
Sporadic-E Skip.  363-364 
Spreading of Radio Waves  71 
Spurious Responses 84,100,510-511 
Spurious Sidebands  282-283 
Squegging   87 
Stabiiity, Amplifier   144-147 
Stability, Oscillator  68 
Stability, Receiver  .77,103,367-368 
Stability, VFO  134-135 
Stabilization, Voltage  215-216 
Stacked Arrays 346,416 
Stage, Amplifier  59 
Stage, Driver   59 
Stagger-Tuning  .46-47 
Standard Component Values  517 
Standards, Frequency.   468 
Standing Waves.  308-310 
Standing-Wave Ratio  309-310,476-481 
Starting Voltage  215 
Static Characteristics  55 
Static Collectors  435 
Station Control Circuits 486-489 
Station Locations, V.11  F  364 
Straight Amplifier  129 
Stray Receiver Rectification 492-493 
Stubs, Antenna-Matching   317 
Sunspot Cycle  74 
Superheterodyne  83-84 
Superhigh Frequencies (see also " Very High 

Frequencies")  18 
Superimposed A.C. on D.0  48 
Superregeneration  368 
Superregenerative Receiver  368 
Suppressor Grid  62 
Suppressor-Grid Modulation 275-276 
Suppressor, Noise   92-93 
Surface Wave.   72 
Surge Impedance  307 
Sweep Circuits  482 
Sweep Waveforms  482 
Swing, Grid  54 
Swinging Choke  211 
Switch  19 
Switches, Power.     489 
Switching, Antenna.   353 
Switching, Meter.  149-152 
Synchronous Vibrators   225 
" T "-Match to Antennas  318-319 
" T "-Section Filters  541 
Tank-Circuit Q 41-48,132,135-138,423 
Tank Constants 135-138 
Television Interference, Eliminating . . . 388,495-511 
Temperature Effects   19 
Temperature Inversion  364 
Termination, Line 307-308 
Tertiary Winding    89 
Tetrode   62 
Tetrode Amplifiers   141 
Tetrodes, Beam   63 
Thermal-Agitation Noise  76 
Thermionic Emission   52 
Thoriated-Tungsten Cathodes   53 
Thyratrons  66 
Tickler Coil  80-81 
Time Base  482 
Time Constant.  29-31,91,537 
Tire Static  435 
Tone Control  244 
Tools 512-513 
Top Loading    454 
Trace, Cathode-Ray    482 
Tracing Noise  435 
Tracking 83,98 
Tracking Capacity  98 
Training Aids.   530 
Transatlantics  10 
Transconductance, Grid-Plate  55 
Transformation, Impedance    44 
Transformers   37-40 
Transformer Color Codes.   519 
Transformer Coupling  57,240-242 
Transformer, Delta-Matching . . . . 319,335,351,413 
Transformer Efficiency  38-39 

PAGE 
Transformer, " Q "-Section .      413 
Transformer Ratio  I 258 
Transformer Rewinding   . 213-214 
Transformerless Power Supplies 219-220 
Transformers: 

Air-Tuned  88-89 
Constant-Voltage 221-222 
Filament   213-214 

LL inK ear-Circuit  317 
 88-89 

Permeability-Tuned  
Plate  Pla 212-213 
Triple-Tuned  89 
Variable-Selectivity  89 

Transistors  69 
Transit Time  426 
Transmission Lines   307-329 
Transmission Lines as Circuit Elements. . 422-423 
Transmission-Line Construction.  312-313 
Transmission-Line Coupling  . 136-138 
Transmission-Line Feed for Half-Wave 
Antennas 334-336 

Transmission, Multihop .   74 
Transmitters: (see also " Very-High Frequen-
c..iemso"b, ;l'eUl)trahigh Frequencies" and 

Constructional: 
Complete Transmitter Assemblies: 
1-Tube 2-Band Transmitter for the 
Novice.  154-156 

200-Watt Transmitter for 160 and 80 
Meters.   . 177-179 

500-Watt Multiband VFO Transmitter. 172-176 
6-Band Frequency-Multiplier  . 191-195 
6146 Multiband Amplifier 196-197 
Bandswitching 80-Watt Transmitter.  198-200 
Beat-Frequency Exciter   185-187 
Beginner's 35-Watt Transmitter 160-161 
Compact 75-Watt 6-Band Transmitter 162-166 
Completely-Shielded 90-Watt Transmitter 

or Exciter  167-171 
High-Power Tetrode Amplifier 201-204 
Multiband Mobile Transmitter 445-446 
Remotely-Tuned VEO  . 188-190 
Silenced VFO for Break-In C.W 182-184 
Simple VFO 180-181 

Sweep-Tube Transmitter for 3.5 and 
7 Mc 157-159 

Line-Voltage Adjustment.   222 
Metering.  149-152 
Principles and Design   129 

Transverse-Electric and Magnetic Mode . 424-425 
Trapezoidal Pattern .     . 279-280 
Traveling-Wave Tube  429 
Trimmer Condenser  
Triodes  83  54-55 
Triode Amplifiers 149-150 
Triple-Detection Superheterodyne 
Tripler, Frequency 
Tri-Tet Oscillator  
Troposphere Propagation. 
Tropospheric Bending.  72-75,364 
Tropospheric Waves 72,75 
Trouble Shooting (Receivers)    102 
Tube Elements  52 
Tube Keyer  234 
Tube Noise   76 
Tubes, Driver  260 
Tubes, Modulator  257 
Tuned-Circuit Response.     540 
Tuned Coupling.  137-138,322-323 
Tuned Screen Circuits    388 
Tuned-Grid Tuned-Plate Circuit  67-68 
Tuned-Line Tank Circuit    387 
Tuned Transmission Lines  311 
Tuners, Antenna, Construction of: 

Coax-Coupled Matching Circuit 327-328 
Receiver Coupler.  117-118 
" Universal " Antenna Coupler 328-329 

Tuning Indicators 93-94 
Tuning R.F. Amplifiers 149-152 
Tuning Range, Extending the Receiver  99 
Tuning Receivers   81-82,99-100 
Tuning Slug  83 
Tuning Transmitters 149-152 
Turns Ratio  38 
TV!  388,495-511 

96 
 129,149,410-411 

130 
72,75 
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TV Receiver Deficiencies  508 
" Twin-Lamp" Standing-Wave Indicator .... 480-481 
Twin-Lead 312-313 
Ultra-High-Frequencies: 

"Butterfiy" Circuits  423 
Cavity Resonators.  423-426 
Klystrons   427-428 
" Lighthouse" Tubes 366,385,427-430 
Lumped-Constant Circuits   422-423 
Magnetrons   . 428-429 
Megatrons  427 
Tank Circuits .    421-424 
Techniques 429-432 
Transmission-Line Tanks  422 
Traveling-Wave Tubes    429 
Tubes   426-429 
Velocity Modulation  427 
Wave Guides 423-426 

Unbalance in Amplifiers  148 
Unbalance in Transmission Lines .  313,320-321 
Universal Antenna Coupler .   . 328-329 
Untuned Transmission Lines  311 
Upward Modulation 266-267 
" V" Antennas   343-344 
VR Tubes    215 
Vacuum Tubes and Semiconductors 

(Index to Tables)  V1 
Vacuum-Tube Principles  52-68 
Variable Condenser 24-25 
Variable-Frequency Oscillators: 

Audio-I.F.    470-471 
VFOs .    132-135 

. Variable-ii Tubes  63 
Variable Selectivity .    94-98 
Velocity Factor 314-315 
Velocity Microphone  239 
Velocity-Modulated Tubes  427 
Velocity Modulation  427 
Velocity of Radio Waves 18,70-71 
Vertical Amplifiers   482 
Vertical Angle of Radiation.   330 
Vertical Antennas   340-343 
Vertical Polarization of Radio W.... . .. . 71 
Very-High Frequencies (V.H.F. ): 
Antenna Systems.    412-420,452-456 
Constructional: 
Receivers: 

Crystal-Controlled Converter for 432 Mc. 382 
Crystal-Controlled Converters for 50, 

144 and 220 Mc 369-374 
Low-Noise Preamplifier for 144 Mc— 379-380 
Receivers for 420 Mc..  380-383 
R.F. Amplifiers for 420 Mc 381-382 
Simple Converter for 50 and 144 Mc 376-378 
V.H.F. Baluns   374-375 
2-Meter Mobile Converter 443-444 

Transmitters: 
50-144 Mc. Band-Changing Crystal-

Controlled Mobile Transmitter . .. . . 447-450 
144-Mc. Driver-Amplifier  .. 392-396 
420-Mc. Transmitters  409-411 
Complete Transmitter for 144 Through 21 
Mc 389-392 

Transmitter-Exciter for 220 Mc 407-408 
Final Amplifier for 50,28 and 21 Mc.. .  396-399 
V.H.F. Man's VFO  399-401 
Transmitter-Exciters for 50 and 144 Me. 

402-405 
100-Watt R.F. Amplifier for 50 and 144 
Mc   405-406 

Propagation  362 
Receiver Considerations    365 

PAGE 

Station Locations, V.H.F.   364 
Superregenerative Receiver    368 
Transmitter Design  385 
V.H.F. Receiver Design 365-368 

VFO  129 
Vibrator Power Supplies   225-227 
Virtual Height  72 
Voice-Controlled Break-In  297 
Voice Operating 522-523 
Volt  17 
Volt-Amperes 34,37 
Volt-Ampere Rating  213 

55-56,240 
58 

. 25 

Voltage Amplification  
Voltage Amplifier  
Voltage Breakdown  
Voltage Decay  
Voltage Dividers  
Voltage Distribution, Antenna 
Voltage Drop 
Voltage Feed for Antennas  
Voltage Gain 
Voltage Loop 
Voltage-Amplification Ratio 
Voltage-Multiplier Circuits  
Voltage Node  
Voltage Ratio, Transformer  
Voltage Regulation  
Voltage, Ripple  
Voltage Rise  
Voltage-Regulator Interference 
Voltage-Stabilized Power Supplies . . ...... 215-217 
Voltmeters   . 457-458,460-462 
Volume Compression 244-245 
W1AW 12,5 
WAC Certificates  53321 
WAS Award    531 
Watt   22 
Watt-Hour  23 
Watt-Second.     23 
Wave Angle  73,333 
Wave-Envelope Pattern  266 
Wave Front    71 
Wave, Ground 72-73 
Wave Guides 423-426 
Wave Propagation 72-75 
Wave, Sine   17,31-37 
Wave, Sky   72-75 
Waveform   17 
Wavelength  18 
Wavelength-Frequency Conversion ...... .   18 
Wavelength Performance  70 
Wavelengths, Amateur .   14 
Waves, Complex  37 
Waves, Distorted .    36 
Waves, Electromagnetic .     15 
Wavetraps 494,498-499 
Wheel Static.   . 434-435 
Wide-Band Antennas  420 
Wire Table  539 
Wiring Diagrams, Symbols for  ... 2 
Wiring, Station  490 
Wiring, Transmitter 515-517 
Word Lists for Accurate Transmission  523 
Working DX    . 523-524 
Working Voltage, Condenser.   212 
Workshop Practice 512-519 
WWV Schedules  466 
X (Reactance) 32-34 
"Y"-Matching Transformer 319-320 
Z (Impedance).    34-36 
Zero Beat   81-82 

537 
214-215 
333,336 
 21,214 

334 
 57,240 

309 
  56 
219-220 

309 
38 
208 

208-209 
42 
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