
^vv 

e 
» 

& 

A MANUAL OF AMATEUR ^ 

HIGH-FREQUENCV RADIO COMMUNICAT1 

A 

PubSishtd by ibt 

Iamerican radio 

\ RELAY LEAGUE 

; 
' PRICE $1.00 

I ■ «9fl 





I =-1 2 3:^ S f 
3 S' ^ ^ 5 
as-rl'a - z< 

l;um 

'Uuk: 

n _ a " « S 
§s§r«»so 
1=1 Is ill- n =T* i a^o 
Qs|?<a$| 
I-:S| § of. 

;|S°-5'r 

0[il|!l 

m?lVs- 

guHHl. 
r. s s ril:i 

r 
Oo " o S o s 

o a _ a i'« S aa»aa.a-ipT 

ii'nm 
? 

■ ^-3 ? '-- 

thbtf 

l:ht4 O — a 9 • 9 9 
;un*? 
irlsHr 9 <D 2. — 3 

- ^ 3 r i ? 0- 

i: pi i 

q. = a* - o . o s 
s- 2. O ? « f 

m\£ 

piilH 

tm-ti 

z 

I m 
> 
O 
O 
c 
> 
» -H m 
5? 

o 
z 

> 
jo 
jo 

Z 
> 

4 
0 
p 

n 
0 
z 
z 

_ 1/5 < - a P c 
oH8ogr 

• — 2 ? o» -J 7C O — 

1 

« « 

J 
o T 

ifl 

: w 

«• 

i 
n <& 
t v 

w _ 



Radio Amateur's 

HANDBOOK 

A Manual of Amateur High- 

Frequency Radio Communication 

BY THE HEADQUARTERS STAFF 

of the 

AMERICAN RADIO RELAY LEAGUE 

Eleventh Edition 

WEST HARTFORD, CONNECTICUT 

THE AMERICAN RADIO 

RELAY LEAGUE, INC. 

1934 



CONTENTS 

Headquarters Station WlMK Frontispiece 

Foreword  v 

The Amateur — His Code of Ethics viii 

Chapter One — The Story of Amateur Radio  1 

Chapter Two — Getting Started  7 

Chapter Three — Electrical Fundamentals 19 

Chapter Four — Radio Fundamentals 31 

Chapter Five — Receivers 43 

Chapter Six — Monitors and Frequency Meters 67 

Chapter Seven — Planning and Building Transmitters 77 

Chapter Eight — Radio telephony   113 

Chapter Nine — The Ultra-High Frequencies 128 

Chapter Ten — Power Supply 139 

Chapter Eleven — Keying and Interference Elimination 159 

Chapter Twelve — Antenna Systems 168 

Chapter Thirteen — Assembling the Station 184 

Chapter Fourteen — The A.R.R.L. Communications Department 189 

Chapter Fifteen — Operating a Station 196 

Chapter Sixteen — Message Handling 206 

Appendix 217 

Index   234 



Qtije gmateur^ Cobe 

I 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 A.R.R.L. in his behalf to the 
public and the Government. 

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

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

IV The Amateur is Friendly. Slow and patient sending 
when requested, friendly advice and counsel to the 
beginner, kindly assistance and cooperation for the 
broadcast listener; these are marks of the amateur 
spirit. 

V 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 com- 
munity. 

VI The Amateur is Patriotic. His knowledge and his 
station are always ready for the service of his country 
and his community. 
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Chapter 0;/o 

THE STORY OF AMATEUR RADIO 

Amateur radio represents, 
to upwards of fifty thousand people, the most 
satisfying, most exciting of all hobbies. Forty 
thousand of these enthusiasts are located in the 
United States, for it is this country which gave 
birth to the movement and which, since the be- 
ginning, has represented its stronghold. 

When radio broadcasting was first introduced 
to the public a few years ago it instantly caught 
the fancy of millions of people all over the world. 
Why? Because it fired their imagination — be- 
cause it thrilled them to tune in a program direct 
from some distant point, to hear speech and music 
that was at that moment being transmitted from 
a city hundreds and even thousands of miles 
away. To be sure there was also a certain amount 
of entertainment value, and it is true that as the 
years have passed this phase has become upper- 
most in the minds of many listeners; yet the 
thrill of "dx" is still a major factor in the minds 
of hundreds of thousands of people, as witness the 
present growing popularity of international 
short-wave reception of foreign programs. 

That keen satisfaction of hearing a distant 
station is basic with the radio amateur but it has 
long since been superseded by an even greater 
lure, and that is the thrill of talking with these 
distant points! On one side of your radio amateur's 
table is his short-wave receiver; on the other side 
is his private (and usually home-made) shorb- 
wave transmitter, ready at the throw of a switch 
to be used in calling and "working" other ama- 
teurs in the United States, in Canada, Europe, 
Australia, every comer of the globe! Even a 
low-power transmitter using nothing more am- 
bitious than one or two receiving-type tubes 
makes it possible to develop friendships in every 
State in the Union, in dozens of countries abroad. 
Of course, it is not to be expected that the first 
contacts will necessarily be with foreign amateurs. 
Experience in adjusting the simple transmitter, in 
using the right frequency band at the right time 
of day when foreign stations are on the air, and 
practice in operating are necessary before com- 
munication will be enjoyed with amateurs of 
other nationalities. But patience and experience 
are the sole prerequisites to foreign contacts; 
neither high power nor expensive equipment is 
required. 

Nor does the personal enjoyment that comes 
from amateur radio constitute its only benefit. 
There is the enduring satisfaction that comes 
from doing things with the apparatus put to- 
gether by our own skill. The process of designing 
and constructing radio equipment develops real 
engineering ability. Operating an amateur station 
with even the simplest equipment likewise devel- 
ops operating proficiency and skill. Many an 
engineer, operator or executive in the commercial 
radio field got his practical background and much 
of his training from his amateur work. So, in 
addition to the advantages of amateur radio as a 
hobby, the value of systematic amateur work to a 
student of almost every branch of radio cannot 
well be overlooked. An increasing number of 
radio services, each expanding in itself, require 
additional personnel, technicians, operators, in- 
spectors, engineers and executives and in every 
field a background of amateur experience is 
regarded as valuable. 

► How did amateur radio start? What develop- 
ments have brought it to its present status of a 
highly-organized and widespread movement? 

It started shortly after Marconi had astounded 
the world with his first experiments proving that 
telegraph messages actually could be sent be- 
tween distant points without wires. Marconi was 
probably the first amateur — indeed, the dis- 
tinguished inventor so likes to style himself even 
today. But amateur radio as we think of it was 
born when the first private citizen saw in the new 
marvel a means for personal communication with 
others and set about learning enough of the new 
art to build a home-made station, hoping that at 
least one of his friends would do the same so he 
could have someone to talk to. Object: the fun 
and enjoyment of "wireless" communication 
with a few friends. Urge: the thrill of DX (one to 
five miles — maybe!). That was thirty-odd years 
ago. 

Amateur radio's subsequent development may 
be divided into two periods, the first before and 
the second after the World War. 

Pre-war amateur radio bore little resemblance 
to the art as we know it today, except in principle. 
The equipment, both transmitting and receiving, 
was of a type now long obsolete. The range of 
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even the highest-powered transmitters, under the 
most favorable conditions, would be scoffed at by 
the rankest beginner today. No United States 
amateur had ever heard the signals of a foreign 
amateur, nor had any foreigner ever reported 
hearing an American. The oceans were a wall of 
silence, impenetrable, isolating us from every 
signal abroad. Even trans-continental DX had to 
be accomplished in relays. "Short waves" meant 
200 meters; the entire wavelength spectrum 
below 200 meters was a vast silence — no signal 
ever disturbed it. Years were to pass before its 
phenomenal possibilities were to be suspected. 

Yet the period was notable for a number of 
accomplishments. It saw the number of amateurs 
in the United States increase to approximately 
4,000 by 1917. It witnessed the first appearance of 
radio laws, licensing, wavelength specifications 
for the various services. ("Amateurs? — oh yes 
— well, stick 'em on 200 meters; it's no good for 
anything; they'll never got out of their own back 
yards with it.") It saw an increase in the range of 
amateur stations to such unheard-of distances as 
500 and, in some cases, even 1,000 miles, with 
U. S. amateurs beginning to wonder, just before 
the war, if there were amateurs in other countries 
across the seas and if — daring thought I — it 
might some day be possible to span the Atlantic 
with 200-meter equipment. Because all long- 
distance messages had to be relayed, it saw re- 
laying developed to a fine art — and what a 
priceless accomplishment that ability turned out 
to be later when our government suddenly needed 
dozens and hundreds of skilled operators for war 
service! Most important of all, the pre-war period 
witnessed the birth of the American Radio Relay 
League, the amateur organization whose fame 
was to travel to all parts of the world and whose 
name was to be virtually synonymous with sub- 
sequent amateur progress and short-wave de- 
velopment. Conceived and formed by the famous 
inventor and amateur, Hiram Percy Maxim, it 
was formally launched in early 1914 and was just 
beginning to exert its full force in amateur activi- 
ties when this country declared war on Germany 
and by that act sounded the knell for amateur 
radio for the next two and one-half years. By 
presidential direction every amateur station was 
dismantled. Within a few months three-fourths of 
the amateurs of the country were serving with the 
armed forces of the United States as operators 
and instructors. 

► Few amateurs today realize that the war not 
only marked the close of the first phase of ama- 
teur 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 
declaration of the Armistice, in 1918. The gov- 
ernment, having had a taste of supreme authority 
over all communications in wartime, was more 
than half inclined to keep it; indeed, the war had 

not been ended a month before Congress was con- 
sidering legislation that would have made it 
impossible for the amateur radio of old ever to be 
resumed. President Maxim rushed to Washing- 
ton, pleaded, argued; the bill was defeated. But 
there was still no amateur radio; the war ban 
continued in effect. Repeated representations to 
Washington met only with silence; it was to be 
nearly a year before licenses were again to be 
issued. 

In the meantime, however, there was much to 
be done. Three-fourths of the former amateurs 
had gone to France; many of them would never 
come back. What of those who had returned? 
Would they be interested, now, in such things as 
amateur radio; could they be brought back to help 
rebuild the League? Mr. Maxim determined to 
find out and called a meeting of such members of 
the old Board of Directors as he could locate. 
Eleven men, several still in uniform, met in New 
York and took stock of the situation. It wasn't 
very encouraging: amateur radio still banned by 
law, former members of the League scattered no 
one knew where, no League, no membership, no 
funds. But those eleven 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 members to obtain money for 
immediate running expenses, bought the maga- 
zine QST to be the league's official organ and 
dunned officialdom until the wartime ban was lifted 
and amateur radio resumed again. Even before 
the ban was lifted in October,T919, old-timers all 
over the country were flocking back to the 
League, renewing friendships, planning for the 
future. When licensing was resumed there was a 
head-long rush to get back on the air. No doubt 
about it now — interest in amateur radio was as 
great as ever! 

From the start, however, it took on new as- 
pects. The pressure of war had stimulated tech- 
nical development in radio; there were new types 
of equipment, principally the vacuum tube, 
which was being used for both receivers and trans- 
mitters. Amateurs immediately adapted the new 
apparatus to 200-meter work. Ranges promptly 
increased; soon it was possible to bridge the con- 
tinent with but one intermediate relay. Shortly 
thereafter stations on one coast were hearing 
those on the other direct! 

These developments had an inevitable result. 
Watching DX come to represent 1,000 miles, then 
1,500 and then 2,000, amateurs wondered about 
that ole debbil ocean. Could we get across? We 
knew now that there were amateurs abroad. We 
knew, too that their listening for our signals was 
still fruitless, but there was a justifiable suspicion 
that their unfamiliarity with 200-meter equip- 
ment had something to do with it. So in Decem- 
ber, 1921, the A.R.R.L. sent abroad one of our 
most prominent amateurs, Paul Godley, with the 
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best amateur receiving equipment available. 
Tests were run, and thirty American amateur 
stations were heard in Europe! The news electri- 
fied the amateur world. In 1922 another trans- 
Atlantic test was carried out; this time 315 
American calls were logged by European ama- 
teurs and, what was more, one French and two 
British stations were heard on this side. 

Everything now was centered on one objective: 
two-way communication across the Atlantic by 
amateur radio! It must be possible — but some- 
how we couldn't quite make it. Further increases 
in power were out of the question; many ama- 
teurs already were using the legal maximum of 
one kilowatt. Better receivers? We already had 
the superheterodyne; it didn't seem possible to 
make any very great advance in that direction. 

Well, how about trying another wavelength, 
then? We couldn't go up, but we could go down. 
What about those wavelengths below 200 meters? 
The engineering world said they were worthless 
— but then, they'd said that about 200 meters, 
too. There have been many wrong guesses in his- 
tory. So in 1922 the technical editor of QST 
carried on some tests between Hartford and Bos- 
ton on 130 meters. The results were encouraging. 
Early in 1923 the A.R.R.L. sponsored a series of 
organized tests on wavelengths down to 90 meters 
and it was noted that as the wavelength dropped 
the reported results were better. A growing ex- 
citement began to filter into the amateur ranks. 
It began to look as though we'd stumbled on 
something! 

And indeed we had. For in November, 1923, 
after some months of careful preparation, two- 
way amateur communication across the Atlantic 
finally became an actuality when Schnell, 1MO, 
and Reinartz, 1XAM, worked for several hours 
with SAB, Dcloy, in France, all three stations 
using a wavelength of about 110 meters! 

There was the possibility, of course, that it was 
a "freak" performance, but any suspicions in 
that direction were quickly dispelled when addi- 
tional 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 started. 

By 1924 the entire radio world was agog and 
dozens of commercial companies were Dishing 
stations into the 100-meter region. Chaos 
threatened until the first of a series of radio con- 
ferences partitioned off various bands of fre- 
quencies for all the different sendees clamoring 
for assignments. Although thought was still cen- 
tered on 100 meters, League officials at the first of 
these conferences, in 1924, came to the conclusion 
that the surface had probably only been scratched, 
and wisely obtained amateur bands not only at 80 
meters, but at 40 and 20 and 10 and even 5 
meters. 

Many amateurs promptly jumped down to the 
40-mcter band. A pretty low wavelength, to be 

sure, but you never could tell about these short 
waves. What had worked once might work again. 
Forty was given a whirl and responded by en- 
abling two-way communication with Australia, 
New Zealand and South Africa. 

How about 20? It was given a try-out and im- 
mediately showed entirely unexpected possibili- 
ties in enabling an east-coast amateur to com- 
municate with another on the west coast, direct, 
at high noon. The dream of amateur radio — 
daylight DX! 

► From that time to the present represents a 
period of unparalleled accomplishment. The short 
waves proved a veritable gold mine. Country 
after country came on the air, until the confusion 
became so great that it was necessary to devise a 
system of international intermediates in order to 
distinguish the nationality of calls. The League 
began issuing what are known as WAC certifi- 
cates to those stations proving that they had 
worked all the continents. More than a thousand 
such certificates have been issued. Representa- 
tives of the A.R.R.L. went to Paris several years 
ago and deliberated with the amateur representa- 
tives of twenty-two other nations. On April 17, 
1925, this conference formed the International 
Amateur Radio Union — a union of national 
amateur societies. We have discovered that the 
amateur as a type is the same the world over. 

Nor has experimental development been lost 
sight of in the enthusiasm incident to interna- 
tional amateur communication. The experi- 
mentally-minded amateur is constantly at work 
conducting tests in new frequency bands, devis- 
ing improved apparatus for amateur receiving 
and transmitting, learning how to operate two 
and three and even four stations where pre- 
viously there was room enough for only one. 

As investigation of the short-wave territory 
proceeded, commercial engineers finally came to 
the conclusion that the lowest wavelength that 
could be used particularly effectively for long- 
distance communication was in the neighborhood 
of 13 meters. Yet in November, 1928, an amateur 
station on Cape Cod was pouring steady and 
strong signals into New Zealand day after day — 
on ten meters! Sponsored by the A.R.R.L., these 
experimental directive transmissions were also 
reported in England, Canada, and many parts of 
the United States. 

In 1924 first amateur experiments on five 
meters showed that band to be practically worth- 
less for distance transmission; signals at such 
wavelengths could be heard only to "horizon 
range." But the amateur turns even these appar- 
ent disadvantages to use. If not suitable for long- 
distance work, at least it was ideal for "short- 
haul" communication. Beginning in 1931, then, 
we have witnessed tremendous activity in five- 
meter work by thousands of amateurs all over the 
country, and a complete new line of transmitters 
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and receivers has been developed to meet the 
special conditions incident to communicating at 
these ultra-high frequencies. The pioneer work of 
the amateur in this band is showing the way for 
police, airplane and other special types of service 
whose requirements make the territory around 
five meters ideal. 

Most of the technical developments in amateur 
radio have come from the amateur ranks. Many 
of these developments represent valuable con- 
tributions to the art. At a time when only a few 
broadcast engineers in the country knew what 
was meant by "100% modulation" the tech- 
nical staff of the A.R.R.L. was pubhshing articles 
in QST urging amateur 'phones to embrace it and 
showing them how to do it. It is interesting to 
know that these articles were read as widely in 
professional circles as by amateurs with the result 
that dozens of broadcast stations besieged the 
I-eague for information on how this method of 
modulation could be adapted to their own in- 
stallations. When interest quickened in five-meter 
work, and experiments showed that the ordinary 
regenerative receiver was practically worthless for 
such wavelengths, it was the A.R.R.L. that de- 
veloped practical super-regenerative receivers as 
the solution to the receiver problem. From the 
League's laboratory, too, came, in 1932, the sin- 
gle-signal superheterodyne — the world's most 
advanced high-frequency radiotelegraph re- 
ceiver. And in 1933 came another great contribu- 
tion to transmitter practice in the form of the 
tri-tet crystal oscillator, simplifying the high- 
frequency crystal controlled transmitter by 
reducing the number of stages necessary and 
improving transmitter reliability, stability and 
efficiency. 

► Amateur radio is one of the finest of hobbies, 
but this fact alone would hardly merit such whole- 
hearted support as was given it by the United 
States government at recent international con- 
ferences. There must be other reasons to justify 
such backing. There are. One of them 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. The other is best 
described by the words "public service." 

We have already seen 3500 amateurs contribut- 
ing their skill and ability to the American cause in 
the Great War. After the war it was only nat- 
ural that cordial relations should prevail be- 
tween the Army and Navy and the amateur. Sev- 
eral things occurred in the next few years to 
strengthen these relations. In 1924, when the 
U. S. dirigible Shenandoah made a torn- of the 
country, amateurs provided continuous contact 
between the big ship and the ground. In 1925 
when the United States battle fleet made a cruise 
to Australia and the Navy wished to test out 
short-wave apparatus for future communication 
purposes, it was the League's Traffic Manager 

who was in complete charge of an experimental 
high-frequency set on the U.S.S. Seattle. 

Definite friendly relations between the ama- 
teur and the armed forces of the Government 
were cemented in 1925. In this year both the 
Army and the Navy came to the League with 
proposals for amateur cooperation. The radio 
Naval Reserve and the Army-Amateur Net are 
the outgrowth of these proposals. 

The public service record of the amateur is a 
brilliant one. These services can be roughly di- 
vided into two classes: emergencies and expedi- 
tions. It is regrettable that space limitations pre- 
clude detailed mention of amateur work in both 
these classes, for the stories constitute some of the 
high-lights of amateur accomplishment. As it is, 
only a general outline can be given. 

Since 1919, amateur radio has been the princi- 
pal, and in many cases the only, means of outside 
communication in more than thirty storm and 
flood emergencies in this country. The most note- 
worthy were the Florida Hurricane of 1926, the 
Mississippi and New England floods of 1927, and 
the California dam break and second Florida hur- 
ricane in 1928. During 1931 there were the New 
Zealand and Nicaraguan earthquakes and the 
"Viking" explosion disaster in Labrador, and in 
1932 the floods at Caliente, California and in the 
upper Guadelupe valley of Texas. Outstanding in 
1933 was the southern California earthquake. In 
all of these amateur radio played a major rfile in 
the rescue work, and amateurs earned world-wide 
commendation for their resourcefulness in effect- 
ing communication where all other means failed. 

It is interesting to note that one of the principal 
functions of the Army-Amateur network is to fur- 
nish organized and coordinated amateur assist- 
ance in the event of storm and other emergencies 
in this country. In addition, Red Cross centers in 
various parts of the United States are now fur- 
nished with lists of amateur stations in the vicin- 
ity as a regular part of their emergency measures 
program. 

Amateur cooperation with expeditions started 
in 1923, when a League member, Don Mix, of 
Bristol, Conn., accompanied MacMillan to the 
Arctic on the schooner Bowdoin in charge of an 
amateur set. Amateurs in Canada and the United 
States provided the home contact. The success of 
this venture was such that MacMillan has never 
since made a trip without currying short-wave 
equipment and an amateur to operate it. 

Other explorers noted this success and made 
inquiries to the League regarding similar arrange- 
ments for their journeys. In 1924 another expedi- 
tion secured amateur cooperation; in 1925 three 
benefited by amateur assistance, and by 1928 the 
figure had risen to nine for that year alone. Each 
year since then has seen League headquarters in 
receipt of more and more requests for such ser- 
vice, until now a total of approximately a hundred 
voyages and expeditions have been assisted. 
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To-day practically no exploring trip atnrts from 
this country to remote parts of the world without 
making arrangements to keep in contact through 
the medium of amateur radio. 

Emergency relief, expeditionary contact, and 
countless instances of other forms of public serv- 
ice, rendered as they always have been and always 
will be, without hope or expectation of material 
reward, have made amateur radio one of the inte- 
gral parts of our complex national life. 

The American Radio Relay League 
The American Radio Relay League is to-day 

not only the spokesman for amateur radio in this 
country but is the largest amateur organization in 
the world. It is strictly of, by and for amateurs, is 
non-commercial and has no stockholders. The 
members of the league are the owners of the 
A.R.R.L and QST. 

The League is organized to represent the ama- 
teur in legislative matters. It is pledged to pro- 
mote interest in two-way amateur communica- 
tion and experimentation. It is interested in the 
relaying of messages by amateur radio. It is con- 
cerned with the advancement of the radio art. It 
stands for the maintenance of fraternalism and a 
high standard of conduct. One of its principal 
purposes is to keep amateur activities so well 
conducted that the amateur will continue to 
justify his existence As an example of this might 
be cited the action of the League in sponsoring the 
establishment of a number of Standard Fre- 
quency Stations throughout the United States; 
installations equipped with the most modern 
available type of precision measuring equipment, 
and transmitting "marker" signals on year- 
Tound schedules to enable amateurs everywhere 
to accurately calibrate their apparatus. 

The operating territory of the League is 
divided into thirteen United States and six Cana- 
dian divisions. You can find out what division you 
are in by consulting QST or the Handbook. The 
affairs of the league are managed by a Board of 
Directors. One director is elected every two years 
by the membership of each United States division, 
and a Canadian General Manager is elected every 
two years by the Canadian membership. These 
directors then choose the president and vice- 
president, who are also directors, of course. No 
one commercially engaged in selling or manufac- 
turing radio apparatus can be a member of the 
Board or an officer of the League. 

The president, vice-president, secretary, treas- 
urer and communications manager of the League 
are elected or appointed by the Board of Direc- 
tors. These officers constitute an Executive Com- 
mittee to act in handling matters that come up 
between meetings of the Board, their authority 
subject to certain restrictions. 

The League owns and publishes the magazine 
QST. QST goes to all members of the League 
each month. It acts as a monthly bulletin of the 

League's organized activities. It serves as a 
medium for the exchange of ideas. It fosters ama- 
teur spirit. Its technical articles are renowned. 
QST has grown to be the "amateur's bible" as 
well as one of the foremost radio magazines in the 
world. The profits QST makes are used in sup- 
porting League activities. Membership dues to 
the League include a subscription to QST for the 
same period. 

The extensive field organization of the Com- 
munications Department coordinates practical 
station operation throughout North America. 

Headquarters 
From the humble l>eginnings recounted in the 

story of amateur radio, I-oague headquarters has 
grown until now it occupies an entire floor in a 
new office building and employs more than two 
dozen people. 

Members of the League are entitled to write to 
Headquarters for information of any kind, 
whether it concerns membership, legislation, or 
general questions on the construction or opera- 
tion of amateur apparatus. If you don't find the 
information you want in QST or the Handbook, 
write to A.R.R.L. Headquarters, West Hartford, 
Connecticut, telling us your problem. All replies 
are directly by letter; no charge is made for the 
service. 

If you come to Hartford, drop out to Head- 
quarters at West Hartford. Visitors are always 
welcome. 

W1MK 
For many years it was the dream of the 

League's officers that some day Headquarters 
would be able to boast a real "he-station." In 
1928 this dream became an actuality, and the 
League to-day owns and operates the station 
shown in the frontispiece, operating under the 
caUWIMK. 

The current operating schedules of W1MK 
may be obtained by writing the Communications 
Department at Headquarters or by consulting 
the current issue of QST. While much of the 
operating time is devoted to pre-arranged sched- 
ules, the station is always ready at other times for 
a call from any amateur. 

Traditions 
As the League has come down through the 

years, certain traditions have become a part of 
amateur radio. 

The Old Man with his humorous stories on 
"rotten radio" has become one of amateur radio's 
principal figures. Since 1915 his pictures of radio 
and radio amateurs as revealed by stories in QST 
are characteristic and inimitable. There is much 
speculation in amateur circles concerning the 
identity of T.O.M., but in eighteen years of 
writing he has not once given a clue to his real 
name or call. 
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The Wonff-Hong is amateur radio's most sacred 
symbol and stands for the enforcement of law and 
order in amateur operation. It came into being 
originally in a story by T.O.M. For some time it 
was not known just what the WoufT-Hong looked 
like, but in 1919 The Old Man himself supplied 
the answer by sending in to League Headquarters 

IS 

THE WOUFF-HONG 

the one and only original Wouff-Hong, shown 
here. It is now framed and hangs on the wall of 
the Secretary's office at A.R.R.L. Headquarters. 

Joinins the League 
The best way to get started in the amateur 

game is to join the League and start reading 
QST. Inquiries regarding membership should be 
addressed to the Secretary, or you can use the 
convenient application blank in the rear of this 
book. An interest in amateur radio is the only 
qualification necessary in becoming a member of 

the A.R.R.L. Ownership of a station and knowl- 
edge of the code are not prerequisites. They can 
come later. 

Learn to let the League help you. It is organ- 
ized solely for that purpose, and its entire head- 
quarter's personnel is trained to render the best 
assistance it can to you in solving your amateur 
problems. If, as a beginner, you should find it 
difficult to understand some of the matter con- 
tained in succeeding chapters of this book, do not 
hesitate to write the Information Service stating 
your trouble. Perhaps, in such a case, it would be 
profitable for you to send for a copy of a booklet 
published by the League especially for the be- 
ginner and entitled "How to Become a Radio 
Amateur." This is written in simple, straight- 
forward language, and describes from start to 
finish the building of a single simple amateur 
installation. The price is 25 cents, postpaid. 

Every amateur should read the League's mag- 
azine QST each month. It is filled with the latest 
amateur apparatus developments, "dope" on 
current expeditions which use short-wave radio 
for contact with this country, and the latest 
"ham" news from your particular section of the 
country. A sample copy will be sent you for 25c if 
you arc unable to obtain one at your local news- 
stand. 



Chapter Two 

GETTING STARTED 

HaVING related, briefly, the 
origin and development of amateur radio in this 
country, we can now go on to the more practical 
business of describing in detail how to get in on 
the amateur radio of today. Subsequent chapters 
will treat of receiver and transmitter construction 
and adjustment, station operation, etc. This 
chapter deals with the first two h&le noir's of 
every beginning amateur — learning the code and 
getting your licenses. 

A high-frequency (short-wave) receiver alone 
will bring you hours of pleasure and will repay the 
little effort necessary to assemble it. Sooner or 
later, however, it is probable that you will build 
yourself either a radiotelephone or radiotelegraph 
transmitter. While many amateurs build 'phone 
transmitters, the majority both in this country 
and abroad operate radiotelegraph sets. There are 
several reasons for this. First, the code must be 
learned regardless of whether you operate a 
'phone or telegraph set; the United States govern- 
ment won't issue any kind of amateur license 
without a code test. Secondly, radiotelegraph 
apparatus is far less expensive to build and less 
complicated to adjust than radiophone apparatus; 
less equipment and power are required and fewer 
tubes used. And lastly, code signals will usually 
cover four or five times the distance possible from 
the same or more complicated radiophone equip- 
ment, and are less susceptible to interference, 
fading and distortion. 

There is nothing particularly difficult incident 
to taking your place in the ranks of licensed ama- 
teurs. The necessary steps are first, to learn the 
code, second, to build a receiver and a transmitter 
and third to get your amateur licenses and go on 
the air. Don't let any of these worry you. Thou- 
sands of men and women between the ages of 15 
and 60 have mastered the code without difficulty 
by the exercise of a little patience and persever- 
ance; these same thousands have found that only 
a moderate amount of study is necessary to 
prepare for the examination required by the gov- 
ernment of all apphcants for the combination 
station-operator license which every amateur 
must have before actually going on the air. We 
will treat of both of these subjects in detail later 
in this chapter. 

Nor should you doubt your ability to build 
short-wave receivers and transmitters. The 
simpler types of receiver and transmitter de- 
scribed further on in this Handbook can be as- 
sembled and put into operation by anyone capable 
of using a screwdriver, a soldering iron and a little 
common sense. Of course, there are advanced 

forms of amateur equipment that are intricate, 
complicated to build, and more difficult to under- 
stand and adjust, but it is not necessary to resort 
to them to secure results in amateur radio, and it 
would be best to avoid them until the rudiments 
of the game have been learned. 

Our Amateur Bands 

Most people, because they have never heard 
anything else, are prone to think of broadcasting 
as the most important radio service. To such 
people a few nights listening in on the high fre- 
quencies (wavelengths below the broadcast band) 
will be a revelation. A horde of signals from doz- 
ens of different types of services tell their story 
to whoever will listen. Some stations send slowly 
and leisurely. Even the beginner can read them. 
Others race along furiously so that whole sen- 
tences become meaningless buzzes. There are 
both telegraph and telephone signals. Press mes- 
sages, weather reports, transocean commercial 
radiotelephone and telegraph messages, high 
frequency international broadcasting of voice and 
music, transmissions from government and ex- 
perimental stations including picture transmis- 
sion and television services, airplane dispatching, 
police broadcasts, and signals from private yachts 
and expeditions exploring the remote parts of the 
earth jam the short wave spectrum from one end 
to the other. 

Sandwiched in among all these services are the 
amateurs, thousands of whose signals may be 
heard every night in the various bands set apart 
by International Treaty for amateur operation. 
These bands are in approximate harmonic rela- 
tion to each other; their position in the short 
wave spectrum and their relative widths are 
shown in the sketch. 

Many factors have to be considered in picking 
a certain frequency band for a certain job, es- 
pecially the distance and the time of day when 
communication is desired. But in addition to 
daily changes, there are seasonal changes, and 
in addition a long-time change in atmospheric 
conditions which seems to coincide closely with 
the cycle of sun-spot or solar activity which is 
completed approximately each eleven years. 
The reliability of communication on a given 
frequency at a given time of day, the suitability 
of a given band for traffic or DX, the desires of the 
individual amateur in choosing his circle of friends 
with whom he expects to make contact on sched- 
ule, the amount of interference to be expected at 
certain hours, and the time of day available for 
operating — all influence the choice of an operat- 
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ing frequency. Many amateurs can use any one of 
the several available frequency bands at will. 
Let us now discuss briefly the properties peculiar 
to each of them. 

The 1715-kc. band, which carried all our ac- 
tivity before experimenters opened the way to 
each of the higher frequency bands in turn, 

from South Africa, New Zealand and other re- 
mote points, and 'phone signals heard in Europe. 
As the winter evening advances, the well-known 
"skip effect" (explained in detail in Chap. Four) 
of the higher frequencies has made itself known, 
the increased range of the "sky wave" brings in 
signals from the other coast and the increased 
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always served amateurs well for general contact 
between points all over the country. There was 
a short period, during the height of development 
of the higher frequencies, when activity in this band 
dwindled, but it is again greatly on the increase. 

The band is popular especially for radiotele- 
phone work. The very fact that it is less congested 
and occupied makes it an extremely attractive 
band for the amateur operator who would com- 
municate effectively and avoid interference. 
Code practice transmissions are made in this 
baud for beginning amateurs and many begin- 
ners may be heard in this region making their 
first two-way contact with each other. The band 
is one of our "widest" from the standpoint of the 
number of stations that may be comfortably ac- 
commodated. In the next year or so, it may be 
expected to take more of the present properties of 
the 3o00-kc. region, and its use by amateurs 
continue to increase. The band is open to amateur 
television and picture transmission. If you are 
just getting on the air, plan to use this band. If 
you have been working on higher frequencies, 
include this band in your plans for 1934 and 1935 
— or you will be missing an important part of 
amateur radio. 

The SoOO-kc. band has, in recent years, been 
regarded as best for all consistent domestic 
communication. It is good for coast-to-coast work 
at night all the year except for a few summer 
months. It has been recommended for all amateur 
message-handling over medium distances (1,000 
miles for example). Much of the friendly human 
contact between amateurs takes place in the 
3500-kc. band. It is the band from which we have 
made excursions to the higher frequencies on oc- 
casions when foreign contacts were desired. Dur- 
ing the last year or so this band has exhibited 
some of its former DX properties, signals from 
amateur stations in this country being reported 

range also brings in more stations, so that the 
band appears busier. 

The 7000-kc. band has been the most popular 
band for general amateur DX work for some 
years. It is useful mainly at night for contacts 
with the opposite coast, or with foreign countries. 
Power output does not limit the range of a station 
to the same extent as when working on the lower 
frequency bands discussed above. However, the 
band is more handicapped by congestion in the 
early evenings and more subject to the vagaries 
of skip-effect and uncertain transmission condi- 
tions than are the lower frequency bands, but not 
limited in usefulness by these things to the same 
extent as the 14-mc. band. The 7000-kc. band is 
satisfactory for working distances of several 
hundred miles in daylight. It is generally con- 
sidered the most desirable night band for general 
DX work in spite of difficulties due to inter- 
ference. This band may be expected to take on 
better daylight DX characteristics during 1934 
if predictions based on the sun-spot cycle are 
correct, and at the same time, while great pos- 
sibilities will exist for evening work, it is likely 
to be more inconsistent and unreliable during 
the late evenings. 

The 14,000-kc. or 14-mc. band is the very best 
frequency to use to cover great distances in day- 
light. In fact it is the only band generally useful 
for daylight DX contacts (QSO's) over coast-to- 
coast and greater distances. Communication over 
long distances will usually remain good during 
the early evenings and surprising results can be 
obtained then, too. Using these higher frequencies 
there is often difficulty in talking with stations 
within three or four hundred miles, while greater 
distances than this (and very short distances 
within ten or twenty miles of a station) can be 
covered with ease. The reason that 14-mc. signals 
are less useful for general amateur DX late eve- 
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nings is because the "skip" increases during 
darkness until the "sky wave" covers greater 
than earthly distances. The band, while one of 
the very best for the amateur interested in work- 
ing foreign stations without much difficulty from 
domestic interference, is sometimes subject to 
sudden fluctuations in transmitting conditions, 
and this characteristic will become more impor- 
tant perhaps as we return to the general condi- 
tions for radio communication that obtained 
back in 1923 and 1924. a condition now estimated 
to be due by 1934 or 1935. 

The 28,000-kc. {38-mc.) band, opened for ama- 
teur work by the Federal Radio Commission in 
early 1928 at the request of the A.R.R.L. is 
principally an experimental band at the present 
time. It combines both the long-distance char- 
acteristics of the 14-mc. band and some of the 
local advantages of the 56-mc. band, but its 
long-distance characteristics are generally too 
"spotty" for reliable communication. The result 
is that only a few amateurs to-day operate in this 
territory, though it is probable that more atten- 
tion will be given to its short- 
distance properties as the 56-mc. 
bond Alls up. 

The o6,0U0-kc. or 66-mc. band, 
likewise made available for amateur 
experimentation at the request of 
the League, is strictly a local and 
short-distance band, but as such 
possesses many advantages. For dis- 
tances of ten to thirty miles (and 
occasionally more, depending on the 
height of the apparatus) it is ideal; 
the apparatus is cheap, easily con- 
structed, and extremely compact; 
operation is marked by freedom 
from interference and fading. The 
result has been a tremendous in- 
terest in this band by amateurs 
during the past two years and a 
half, and hundreds of stations are 
now operating there with keen en- 
joyment. 

Memorizing the Code 
The first job you should tackle is 

the business of memorizing the code. 
This can be done while you are 
building your receiver. Thus, by the 
time the receiver is finished, you 
will know all the characters for the 
alphabet, the most-used punctua- 
tion marks, and the numerals, and 
will be ready to practice receiving 
in order to acquire speed. Speed 
practice, either by means of a 
buzzer, or by listening in on your 
receiver, can be indulged in in odd 
momenta while the transmitter, in 
turn, is being constructed. The net 
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result of such an organized program should be 
that by the time the transmitter is finished you 
will be able to receive the ten words a minute 
required by the government for your amateur 
operator license, and can immediately proceed 
to studying for the "theoretical" part of your 
license examination without loss of time. 

Memorizing the code is no job at all if you 
simply make up your mind you are going to apply 
yourself to the job and get it over with as quickly 
as possible. The complete Continental alphabet, 
punctuation marks and numerals are shown in 
the table given here. The alphabet and all the 
numerals should be learned, but only the first 
eight of the punctuation marks shown need be 
memorized by the beginner. Start by memorizing 
the alphabet, forgetting the numerals and punctu- 
ation marks for the present. Various good systems 
for learning the code have been devised. They are 
of undoubted value but the job is a very simple 
one and usually can be accomplished easily by 
taking the first five letters, memorizing them, 
then the next five, and so on. As you pro- 

gress you should review all the let- 
ters learned up to that time, of 
course. When you have memorized 
the alphabet you can go to the 
numerals, which will come very 
quickly since you can see that they 
follow a definite system. The punc- 
tuation marks wind up the schedule 
— and be sure to learn at least the 
first eight — the more commonly- 
used ones. 

One suggestion: Learn to think 
of the letters in terms of sound 
rather than their appearance as they 
are printed. Don't think of A as 
"dot-dash" but think of it as the 
sound "dit-dah." B, of course, is 
"dah-ditrdit-dit," C, "dah-dit-dah- 
dit" and so on. 

Don't think about speed yet. 
Your first job is simply to memorize 
all the characters and make sure 
you know them without hesitation. 
Good practice can be obtained, 
while building the receiver, if you 
try to spell out in code the names 
of the various parts you are working 
on at the time. 

Acquiring Speed by Buzzer Practice 
When the code is thoroughly 

memorized, you can start to develop 
speed in receiving code transmis- 
sion. The most enjoyable way to do 
this is to have two people learn the 
code together and send to each other 
by means of a buzzer-and-key out- 
fit. One advantage of this system 
is that it develops sending ability, 

A 
s 
C 
0 
E 
F 
G 
H 
1 
J 
K 
L 
M 
N 
0 
P 
Q 
R 
5 
T 
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too, for the person doing the receiving will be 
quick to criticize uneven or indistinct sending. 
If possible, it is a good idea to get the aid of an 
experienced operator for the first few sessions, so 
that you will know what well-sent characters 
sound like. 

The diagram shows the connections for a buz- 
zer-practice set. When buying the key for this 

PHONES 
BUZZER 

CONTACT KEY 

i, 

III 
DRY CELLS 

CONNECTIONS OF A BUZZER CODE PRACTICE 
SET WITH A TELEPHONE HEAD SET 

Th» Inteniily of (ho lignal can be varied by changing (he 
letting of (he variable eondenier. The 'phone and condenser are 
connected eKher acroii (he coili of (he butter or across (he vi- 
brator contacts. The condenser may be omitted and the tone 
may be changed by changing (he number of dry cells. 

set it is a good idea to get one that will be suitable 
for use in the transmitter later; this will save 
you money. 

Another good practice set for two people 
learning the code together is that using an old 
audio transformer, a type '30 tube, a pair of 
'phones, key, two No. 6 dry cells, tube-socket, a 
20-ohm filament rheostat, and a 22J4-volt B 
battery. These are hooked up as shown in the 
diagram to form an audio oscillator. If nothing 
is heard in the 'phones when the key is depressed, 
reverse the leads going to the two binding posts 
at either transformer winding. Reversing both 
sets of leads will have no effect. 

Either the buzzer set or this audio oscillator 
will give good results. The advantage of the 
audio oscillator over the buzzer set is that it 
gives a fine signal in the 'phones without making 
any noise in the room. 

After the practice set has been built, and an- 
other operator's help secured, practice sending 
turn and turn about to each other. Send single 
letters at first, the listener learning to recognize 
each character quickly, without hesitation. 
Following this, start slow sending of complete 
words and sentences, always trying to have the 
material sent at just a little faster rate than you 
can copy easily; this speeds up your mind. Write 
down each letter you recognize. Do not try to 
write down the dots and dashes; write down the 
letters. Don't stop to compare the sounds of dif- 
ferent letters, or think too long about a letter or 
word that has been missed. Go right on to the 
next one or each "miss" will cause you to lose 
several characters you might otherwise have 
gotten. If you exercise a little patience you will 
soon be getting every character, and in a sur- 

prisingly short time will be receiving at a good 
rate of speed. When you think you can receive 
ten words a minute (50 letters a minute) have 
the sender transmit code groups rather than 
straight English text. This will prevent you from 
recognizing a word "on the way" and filling it 
in before you've really listened to the letters 
themselves. 

Learnins by Listening 

While it is very nice to be able to get the help 
of another person in sending to you while you 
are acquiring code-speed, it is not always possible 
to be so fortunate, and some other method of 
acquiring speed must be resorted to. Under such 
circumstances, the time-honored system is to 
"learn by listening" on your short-wave re- 
ceiver. Nor should you make the mistake of as- 
suming that this is a more difficult and less- 
preferred method: it is probable that the majority 
of amateurs acquire their code speed by this 
method. After building a receiver and getting it 
in operation, the first step in "learning by listen- 
ing" will be to hunt for a station sending slowly. 
With even the simplest short-wave receivers a 
number of high-power stations can be heard in 
every part of the world. It is usually possible to 
pick a station going at about the desired speed 
for code practice. Listen to see if you cannot 
recognize some individual letters. Use paper and 
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CONNECTING AN AUDIO OSCILLATOR (HARTLEY) 
FOR CODE PRACTICE WORK 

pencil and write down the letters as you hear 
them. Try to copy as many letters as you can. 

Whenever you hear a letter that you know, 
write it down. Keep everlastingly at it. Twenty 
minutes or half an hour is long enough for one 
session. This practice may be repeated several 
times a day. Don't become discouraged. Soon 
you will copy without missing so many letters. 
Then you will begin to get calls, which are re- 
peated several times, and whole words like "and" 
and "the." After words will come sentences. 
You now know the code and your speed will 
improve slowly with practice. Learning by this 
method may seem harder to some folks than 
learning with the buzzer. It is the opinion of the 
writer, who learned in this way, that the practice 
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in copying actual signals and having real diffi- 
culties with interference, static, and fading, is far 
superior to that obtained by routine buzzer prac- 
tice. Of course the use of a buzzer is of value 
at first in getting familiar with the alphabet. 

In "learning by listening" try to pick stations 
sending slightly faster than your limit. In writ- 
ing, try to make the separation between words 
definite. Try to "read" the whole of short words 
before starting to write them down. Do the writ- 
ing while listening to the first part of the next 
word. Practice and patience will soon make it 
easy to listen and write at the same time. Good 
operators usually copy several words "behind" 
the incoming signals. 

A word of caution: the U. S. radio communica- 
tion laws prescribe heavy penalties for divulging 
the contents of any radiogram to other than the 
addressee. You may copy anything you hear for 
practice but you must preserve its secrecy. 

Volunteer Code Practice Stations 
Each fall and winter season the A.R.R.L. 

solicits volunteers, amateurs using code only, 
or often a combination of voice and code trans- 
mission, who will send transmissions especially 
calculated to assist beginners. These transmis- 
sions go on the air at specified hours on certain 
days of the week and may be picked up within a 
radius of several hundred miles under favorable 
conditions. Words and sentences are sent at 
different speeds and repeated by voice, or checked 
by mail for correctness if you write the stations 
making the transmissions and enclose a stamped 
addressed envelope for reply. 

The schedules of the score or more volunteer 
code-practice stations are listed regularly in QST 
during the fall and winter. Information at other 
times may be secured by writing Headquarters. 
Some of the stations have been highly success- 
ful in reaching both coasts with code-practice 
transmissions from the central part of the 
country. 

Interpreting What We Hear 
As soon as we finish our receiver and hook it up 

we shall begin to pick up different high-frequency 
stations, some of them perhaps in the bands of 
frequency assigned to amateurs, others perhaps 
commercial stations belonging to different serv- 
ices. The loudest signals will not necessarily 
be those from near-by stations. Depending on 
transmitting conditions which vary with the fre- 
quency, the distance and the time of day, remote 
stations may or may not be louder than relatively 
near-by stations. 

The first letters we identify probably will be 
the call signals identifying the stations called 
and the calling stations, if the stations are in the 
amateur bands. Station calls are assigned by the 
government, prefixed by a letter (W in the 
United States, VE in Canada, G in England, 

etc.) indicating the country. In this country 
amateur calls will be made up of such combina- 
tions as W9GP, W8CMP, W3BZ, W1MK, etc., 
the number indicating the. amateur call area 
(see map) and giving a general idea of the part 
of the country in which the station heard is 

U. S. AMATEUR CALL AREAS 

located. The reader is referred to the chapter on 
"Operating a Station" for complete information 
on the procedure amateurs use in calling, han- 
dling messages, and the like. Many abbreviations 
are used which will be made clear by reference to 
the tables of Q Code, miscellaneous abbrevia- 
tions, and "ham" abbreviations included in the 
Appendix. The table of international prefixes, 
also in the back of the book, will help to identify 
the country where amateur and commercial 
stations are located. 

The commercial stations use a procedure 
differing in some respects from amateur pro- 
cedure, and to some extent the procedure of 
army, naval and government stations is different 
from this, each service having a modified pro- 
cedure meeting its own requirements. On the 
other hand, ■ the' International Radiotelegraph 
Convention•yhas specified certain regulations, 
abbreviatio&s Iwid procedures which govern all 
services and^s.ure basic uniformity of methods 
and wide understanding between stations of all 
nations, regardless of services. 

"Tape" or "machine" transmission and re- 
ception is used to speed up traffic handling to the 
limit fixed by relays and atmospheric conditions. 
Most beginners are puzzled by certain abbrevia- 
tions which are used. Many code groups are sent 
by different commercial organizations to shorten 
the messages and to reduce the expense of sending 
messages which often runs as high as 25 cents a 
word. Unless one has a code book it is impossible 
to interpret such messages. Five- and ten-letter 
cypher groups are quite common and make ex- 
cellent practice signals. Occasionally, a blur of 
code will be heard which results when tape 
is speeded up to 100 words per minute and 
photographic means are used to record the 
signals. 
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Leasue O.B.S. System 

Official Broadcasting Stations of the A.R.R.L. 
send the latest Headquarters' information ad- 
dressed to members on amateur frequencies. The 
messages are often interesting and many of them 
are sent slowly enough for code practice between 
15 and 20 words a minute. Lists and schedules 
appear from time to time in the membership 
copies of QST. 

The very latest official and special information 
of general interest, addressed to A.R.R.L. mem- 
bers, is broadcast twice nightly (except Tuesday, 
Wednesday and Saturday) simultaneously on two 
frequency bands from the Headquarters' amateur 
station, W1MK. The schedule for these trans- 
missions is as follows: 
Sun. 8:30 p.m. EST-13 w.p.m. — 3825 and 7150 kcs. 
Sun. Midnight EST-22 w.p.m. — 3825 and 7150 kcs. 
Mon. 8:30 p.m. EST-22 w.p.m. —3575 and 7015 kcs. 
Mon. 10.-30 p.m. EST-13 w.p.m. — 3575 and 7016 kcs. 
Thurs. 8:30 p.m. EST-13 w.p.m. — 3825 and 7015 kcs. 
Thurs. Midnight EST-22 w.p.m. — 3826 and 7015 kcs. 
Fri. 8:30 p.m. EST-22 w.p.m —3825 and 71.50 kcs. 
FH. 10:30 p.m. EST-13 w.p.m. — 3825 and 7150 kcs. 

As you can see from this schedule, WlMK sends 
these bulletins simultaneously on two different 
frequency bands, so if you are unable to hear the 
station on the 3500-kc. band you may be able to 
pick it up on the 7000-kc. band, and vice verm. 

These transmissions are sent at a moderate rate 
of speed and are frequently used by advanced 
beginners for code practice work. 

Using a Key 
The correct way to grasp the key is important. 

The knob of the key should be about eighteen 
inches from the edge of the operating table and 
about on a line with the operator's right shoulder, 
allowing room for the elbow to rest on. the table. 
A table about thirty inches in height is best. The 
spring tension of the key varies wjth different 
operators. A fairly heavy spring at'the start is 
desirable. The hack adjustment of the key should 
be changed until there is a vertical movement of 
about one-sixteenth inch at the knob. After an 
operator has mastered the use of the hand key the 
tension should be changed and con be reduced to 
the minimum spring tension that will cause the 
key to open immediately when the pressure is 
released. More spring tension than necessary 
causes the expenditure of unnecessary energy. 
The contacts should be spaced by the rear screw 
on the key only and not by allowing play in the 
side screws, which are provided merely for align- 
ing the contact points. These side screws should 
be screwed up to a setting which prevents ap- 
preciable side play but not adjusted so tightly 
that binding is caused. The gap between the con- 
tacts should always be at least a thirty-second of 
an inch, since a too-finely spaced contact will 
cultivate a nervous style of sending which is 

highly undesirable. On the other hand too-wide 
spacing (much over one-sixteenth inch) may re- 
sult in unduly heavy or "muddy" sending. 

Do not hold the key tightly. Let the hand rest 
lightly on the key. The thumb should be against 
the left side of the key. The first and second 
fingers should be bent a little. They should hold 
the middle and right sides of the knob, respec- 
tively. The fingers are partly on top and partly 

ILLUSTRATING THE CORRECT POSITION OF THE HAND 
AND FINGERS FOR THE OPERATION OF A TELE- 

GRAPH KEY 

over the side of the knob. The other two fingers 
should be free of the key. The photograph shows 
the correct way to hold a key. 

A wrist motion should be used in sending. The 
whole arm should not be used. One should not 
send "nervously" but with a steady flexing of the 
wrist. The grasp on the key should be firm, not 
tight, or jerky sending will result. None of the 
muscles should be tense but they should all be 
under control. The arm should rest lightly on the 
operating table with the wrist held above the 
table. An up-and-down motion without any side- 
ways action is best. The fingers should never 
leave the key knob. 

Sending 

Good sending seems easier than receiving, but 
don't be deceived. A beginner shouldn't send fast. 
Keep your transmitting speed down to the receiv- 
ing speed, and rather bend your effort to sending 
welt. 

When sending do not try to speed things up too 
soon. A slow, even rate of sending is the mark of a 
good operator. Speed will come with time alone. 
Leave special types of keys alone until you have 
mastered the knack of properly handling the 
standard-type telegraph key. Because radio 
transmissions are seldom free from interference a 
"heavier" style of sending is best to develop for 
radio work. A rugged key of heavy construction 
will help in this. 

When signals can be copied "solid" at a rate of 
ten words a minute it is time to start practicing 
with a key in earnest. While learning to receive, 
you have become fairly familiar with good send- 
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ing. Try to imitate the machine or tape sending 
that you have heard. This gives a good example 
of proper spacing values. 

When beginning to handle a key do not try to 
send more than six or seven words a minute. A 
dot results from a short depression of the key. A 
dash comes from the same motion but the contact 
is held three times as long as when making a dot. 
A common mistake of beginners is to make it 
several times too long. There is no great space 
between the parts of a letter. Particular care 
should be exercised when sending letters such as 
c to make them "all at once" like this ( ) 
and not irregularly spaced like this ( — -). 

Key practice should not be extended over too 
long periods at first. The control of the muscles 
in the wrist and forearm should be developed 
gradually for best results. 

Individuality in sending should be suppressed 
rather than cultivated. Speed needs to be held in 
check. "Copiability" is what we want. Repeats 
waste valuable time. When you find that you are 
sending too fast for the other fellow, slow down to 
his speed. 

A word may be said about the "Vibroplex" 
and "double-action" keys. The "Vibroplex" 
makes dots automatically. The rate of making 
dots is regulated by changing the position of a 
weight on a swinging armature. Dots are made by- 
pressing a lever to the right. Dashes are made by 
holding it to the left for the proper interval. A 
side motion is used in both types of keys. 

These keys are useful mainly for operators who 
have lots of traffic to handle in a short time and 
for operators who have ruined their sending arm. 
Such keys are motion savers. However, a great 
deal of practice is necessary before readable code 
can be sent. The average novice who uses a "bug" 
tries to send too fast and ruins his sending alto- 
gether. The beginner should keep away from such 
keys. After he has become very good at handling 
a regulation telegraph key, he may practice on a 
"bug" to advantage. 

Obtaining Government Licenses 
When you are able to copy ten words per 

minute, have studied basic transmitter theory 
and familiarized yourself with the radio law and 
the amateur regulations, you are ready to think 
about obtaining your combination amateur 
operator-station license. This is issued you, after 
examination, by the government, through the 
Federal Radio Commission. 

No licenses are necessary to operate receivers in 
the United States, but you positively must have 
the required amateur licenses before doing send- 
ing of any kind with a transmitter. This license 
requirement applies for any kind of transmitter 
on any wavelength. There is no basis for the 
assumption that low-power transmitters, or trans- 
mitters operating on 5 meters or below, need no 
license. They do, most emphatically. Attempts to 

engage in transmitting operation of any kind, 
without holding licenses, will inevitably result in 
arrest, and fine or imprisonment. 

Amateur licenses ore free, but are issued only to 
citizens of the United States; this applies both to 
the station license and the personal operator 
license. But the requirement of citizenship is the 
only limitation, and amateur licenses are issued 
without regard to age or physical condition to 
anyone who successfully completes the required 
examination. There are licensed amateurs as 
young as nine and as old as eighty. Many per- 
manently bed-ridden persons find their amateur 
radio a priceless boon and have successfully 
qualified for their "tickets"; even blindness is no 
bar — several stations heard regularly on the air 
are operated by people so afllicted. 

The amateur license now comes in the form of a 
small card, one side of which bears the station- 
license authorization, and the other the operator- 
license authorization. The station license is the 
station's registration; it licenses a particular 
collection of apparatus at a given address and 
specifies the call to be used. The operator authori- 
zation constitutes a person's personal license to 
operate not only his but all other licensed amateur 
stations. Persons who would like to operate at 
amateur stations, but do not have their own 
station as yet, may obtain an amateur operator 
license without being obliged to take out a station 
license. But no one may take out the station 
license alone; all those wishing station licenses 
must also take out operator licenses. 

The Station License 
The amateur station license is secured by filling 

in, satisfactorily, those parts of the combined 
application form which particularly concern the 
station license. A station license will not be issued 
if the property on which the set is to be located is 
controlled by an alien. We have already men- 
tioned that neither station nor operator licenses 
are issued to aliens. In the case of the station 
license the government goes still further, and re- 
fuses to issue the license even to a citizen of the 
U. S. if the property on which the transmitter will 
be built is under alien control. This does not 
mean that a citizen must own the property on 
which he lives, or rent it from another citizen. 
Rental of property brings it under the control of 
the renter. From this it follows that a citizen 
renting a house or apartment is entitled to have 
a station there, regardless of the citizenship of t he 
actual owner of the property. But this works two 
ways, and a citizen cannot put a station on alien- 
rented property even though the actual owner is a 
citizen; the alien's rental brings the property 
under alien control. 

The station license, never issued except in con- 
junction with an operator license, runs concur- 
rently with it and has the same term — three 
years. It may be renewed, as will be outlined later. 
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The Operator License 

This, as has just been mentioned previously, 
may be obtained either by itself, or in conjunction 
with a station license. In either case the procedure 
is the same and involves filling in the proper por- 
tions of the application form and in successfully 
passing a ten-question examination on trans- 
mitter theory and practice, the U. S. radio law 
and the amateur regulations. We will take up the 
examination later. 

There are three classes of amateur operator 
license, known as the Class A, Class B and Class 
C. Since the privileges and requirements of Class 
B and Class C are the same, it may be said that 
there are two grades of amateur operator license 
— the normal grade (Classes B and C) and the 
advanced grade (Class A). The difference between 
the two grades is that the holder of a Class A 
license, in addition to having the normal privi- 
leges authorized for the lower grade, is further en- 
titled to operate 'phone in the two restricted 
'phone bands, 3,900-4,000 kc. and 14,150-14,250 
kc. This privilege of 'phone operation in these 
two particular bands is denied those who hold 
only the Class B or C license (although they may 
operate 'phone in the sub-bands in Band A and 
Band E and in the entire Band F). Since this 
difference in radiophone privileges is the only 
distinction between the Class A license and the 
other two types, the Class A is often referred to as 
the "unlimited 'phone" license. 

The Class B and C licenses are identical so far 
as privileges are concerned and enable an ama- 
teur to do everything except engage in the re- 
stricted 'phone operation just noted. The reader 
may wonder why we have both Class B and Class 
C if their privileges and requirements are identical 
— as they are. The difference is that the Class B 
license is issued to persons who have personally 
appeared before a radio inspector and have passed 
their code test and written examination in his 
presence, while the Class C code test and exam 
are given by mail. 

Class B (with its personal appearance for 
examination) is compulsory for all persons living 
within 125 miles airline of one of the 32 examining 
centers (see next section) designated by the F.R.C., 
the only exception being in the case of persons 
physically incapable of journeying to the exami- 
nation office. Persons living more than 125 miles 
airline from an examining point are entitled to 
take the mail examination and get a Class C 
license. But it should be pointed out that if a 
Class C license holder violates the regulations, he 
may be called upon to appear at the nearest 
examining point for a personal examination, re- 
gardless of how far away that point may be, and 
that failing to make such an appearance or failing 
to pass the personally-administered exam after so 
appearing, his Class C license will be revoked. 
Thus it behooves every Class C licensee to be 

particularly careful to avoid violation of the 
regulations. 

Applyins for Licenses 
An applicant for amateur licenses who has 

never had previous amateur experience or certain 
forms of commercial license must of necessity 
start out with either the B or C license. First, 
then, let us outline the procedure necessary in 
applying for these. 

The Class B license, as already mentioned, is 
compulsory for all persons living within 125 miles 
of the 32 designated examining centers. Of these, 
20 are the regular inspection offices created by the 
Federal Radio Commission, and a list of them 
appears in the table at the end of the Appendix in 
the rear of this book. Examinations are given at 
these 20 district offices once or twice a week. In 
addition, the following cities have also been des- 
ignated as examination cities: Schenectady, 
Winston-Salem, Nashville, San Antonio, Okla- 
homa City, Des Moines, St. Louis, Pittsburgh, 
Cleveland, Cincinnati, Columbus (Ohio) and 
Washington, D. C. In all these cities but Washing- 
ton examinations are given every three months on 
a date and at an address designated in advance. 
A card to the office of the inspector in whose dis- 
trict is located the particular city in which you 
are interested will bring information on the date 
and place. In Washington examinations are held 
every Thursday at the offices of the Federal 
Radio Commission. 

Now, if you live within 125 miles airline of one 
of the above 32 examining points you should 
write or visit the inspector of the district in which 
you live, asking for an application blank for 
amateur station and operator license and the date 
when examinations will be held in the city at 
which you wish to appear. Fill out the application 
form and mail it hack to the inspector's office, and 
then appear at the specified time for personal 
examination. First the inspector gives you your 
code test; if you are successful in passing this you 
will be given the written exam. After the exam- 
ination is completed you can go home; the in- 
spector sends all the papers to Washington and if 
you were satisfactory your combination license 
comes direct to your home a couple of weeks 
later. 

If you live more than 125 miles airline from any 
of the 32 examining points, write the inspector of 
the district in which you live, asking for a Class C 
amateur operator and station application blank, 
examination, etc. He will send you application 
blanks, a sealed envelope containing the examina- 
tion questions, and instructions for handling the 
latter. Following these instructions, get someone 
of legal age to open the envelope and witness 
your writing of the examination. The witness 
must then make oath that he opened the envelope 
and that you gave yourself the examination with- 
out the assistance of any other person or without 
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recourse to notes or books. You must also get in 
touch with an already-licensed operator (who 
must be the holder of an amateur operator license 
of Class A or Class B or of the old First Class or 
Extra First Class, or of a higher grade of com- 
mercial license) and have him give you the code 
test, making oath afterwards that you can copy 
at least 10 words per minute. This licensed 
operator may also be your witness on the exam- 
ination. All the papers being completed, forward 
them direct to the Federal Radio Commission, 
Washington, D. C. If you were successful in 
passing the examination and if your application 
is satisfactorily filled out, your combination 
license will be mailed to you. 

The application form you will receive is self- 
explanatory and needs no treatment here except 
to say that you should not be concerned over that 
section which requires you to waive claim to the 
use of any particular frequency or of the ether as 
against the regulatory power of the United States. 
This is a form requirement under the law, and 
agreement is required of all licensees, whether 
amateur or commercial. 

Shut-Ins 
No physical infirmity is a bar to issuance of 

amateur operator and station licenses provided 
the applicant can qualify. Invalids and shut-ins 
who live more than 125 miles from the nearest 
examining point will, of course, follow the usual 
mail procedure specified for the Class C license. 
If, however, they live within the 125-mile limit 
but are genuinely incapable of traveling, they 
should write the Federal Radio Commission at 
Washington stating the circumstances. They will 
then be advised what procedure to follow. In all 
probability the distance requirement will be 
waived and the applicant permitted to apply for a 
Class C license. Needless to say, the infirmity 
must be one of a permanent or semi-permanent 
nature; temporary sickness does not entitle one to 
exemption. 

Renewals 
Since all new licenses run concurrently and for 

a period of three years, no amateur getting new 
licenses at this time will have to worry about re- 
newals for some time. When the time does arrive, 
renewals should be applied for at least 60 days in 
advance; if the licensee can show he is eligible 
under the minimum-activity specification of 
Rule 402, by having worked at least 3 other sta- 
tions in the preceding 90 days, he will not have to 
take another examination but will have his. li- 
censes renewed on application. If he has been 
inactive and cannot comply with Rule 402, he 
will not have his licenses renewed and must, in 
addition, wait until 90 days after expiration be- 
fore he can again take the examination. 

For fellows who are licensed now and are 
wondering what the renewal procedure will be 

under the new regs; Since no existing amateur 
station license expires before January 6, 1935, 
any renewal appUcations will come about through 
operator expirations. If you are the holder of a 
Temporary operator license it will be necessary 
for you, when it expires, to take the Class-B or 
Class-C examination, depending upon where you 
live. You have to take the examination regardless 
of whether or not you comply with Rule 402 so 
far as the minimum-activity provision is con- 
cerned. If you are the "holder of a First Class 
operator license and have been inactive, you will 
have to be reexamined for Class B or Class C, 
again depending on where you live. If you have 
met the minimum-activity specification of Rule 
402 you do not have to take the examination; 
depending on where you five, you are eligible for 
Class B or Class C.without reexamination, simply 
fifing the application forms. In any of these cases 
you get the new combination license which re- 
places your old station license as well as renews 
your operator authorization. 

Modificdtions 
The holder of a Class-C license is eligible for 

Class B (thereby eliminating the possibility of 
being called up for personal examination at an 
inconvenient time and distance) whenever and 
wherever he can arrange for personal appearance 
and examination before an inspector. If he has 
had a year's experience as a licensed amateur 
operator he is similarly eligible for Class A. The 
holder of a Class-B license is similarly eligible for 
Class A if he has had a year's experience. Passing 
any such higher grade license results in an en- 
dorsement "modifying" the operator license, 
without, however, changing its date of expiration. 
Rule 402, as to minimum activity, applies in all 
these cases. If you are interested in a higher class 
of license, communicate with the inspector of 
your district. 

If you change your station's location by mov- 
ing to another address in the same city, or to 
another part of the state, or into another state, 
you must apply for a "modification" to author- 
ize the new address. The procedure for this is the 
same as in an original application except that of 
course you do not have to pass the operator ex- 
amination again if you have been operating ac- 
tively. Write your inspector for the usual amateur 
application form and fill it out as before except 
that it is now designated at the top as an applica- 
tion for modification. Mail it back to your in- 
spector if you have a Class B license, or direct to 
the Commission if you are Class C. But Rule 402 
of the F.R C. applies the before-mentioned mini- 
mum-activity standard to modifications as well 
as renewals, since modifications of this type result 
in extensions. You must therefore be able to cite 
at least the minimum required activity or prepare 
to take the operator examination over. You will 
see the reason for this when you get your modi- 
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fication — it will be a new license running for a 
full three years additional. 

Exemptions 
Applicants who within the previous five years 

have held an operator ficense should carefully 
consult Commission Rules 405 and 406, printed 
in the amateur regulations towards the end of this 
booklet. If you now want Class B or Class C and 
within the past five years held an Amateur Extra 
First Class or certain specified grades of commer- 
cial radiotelegraph operator license, you are now 
exempt from the code test and from half of the 
examination. You escape that half relating to 
apparatus and adjustment and take only that half 
relating to laws, treaties and regulations affecting 
amateur licenses. Regardless of the class you now 
want, if within the past five years you held cer- 
tain specified grades of commercial radiotelep/ionc 
operator license or had an amateur license bearing 
endorsement for unlimited amateur radioteleph- 
ony, you are exempt from that portion of the 
examination relating to apparatus and adjust- 
ment. You have to demonstrate your code ability 
but your written examination is confined to laws, 
treaties and regulations affecting amateurs. This 
last exemption is particularly important to the 
Class-A applicant of previous "unlimited" ex- 
perience, since he escapes not only half of the 
basic examination but all of the extra examina- 
tion relating to radiotelephony. 

Passing the Class B-C Exam 
We are now ready to treat briefly of the exami- 

nation itself. The examination for the Class B 
and C licenses concerns itself with two general 
subjects: transmitter theory and practice, and 
radio laws and regulations. No questions are asked 
relative to the theory or adjustment of receivers, 
nor are the questions on transmitting based on 
the particular transmitter which the applicant 
has assembled — all transmitter questions are 
general in nature. 

Ten questions are asked in each exam. The 
Federal Radio Commission has prepared a list of 
several hundred questions from which ten will be 
selected at random for each individual examina- 
tion. To facihtate selection, the Commission has 
established ten classes under the following general 
headings: Power Supply; Frequency Measure- 
ment; Transmitters — Theory; Transmitters — 
Practice; Radiotelephony; Treaty and Laws; 
F.R.C. Regulations, Part I; F.R.C. Regulations, 
Part 11; F.R.C. Regulations, Part III; Penalties. 
All questions in the brackets covering the F.R.C. 
Regulations (Parts 1,11 and III) are based on the 
amateur regulations appearing in the Appendix. 
This Handbook contains all the technical and 
other information necessary to get an amateur 
license. 

With the idea of indicating the type of ques- 
tions asked and the general ground covered by the 

government examinations and to aid the prospec- 
tive amateur, the A.R.R.L. has prepared a book- 
let entitled " The Radio Amateur's License 
Manual," which may be obtained from the 
League for 25 cents postpaid. Every applicant for 
amateur license is urged to possess himself of a 
copy before taking his examination, whether he 
be applying for Class B, Class C or Class A. Sup- 
plementing a study of the material in this Hand- 
book by a study of the questions listed in the 
License Manual (the correct answers are given in 
each case) will insure passing the examination. 

Passing the Class A Exam 
As has been mentioned, only those who have had 

at least one year's experience as licensed amateur 
operators are eligible for the Class A license, with 
the exception of holders of previous commercial 
license specified in Rule 405. The examination for 
Class A is never given by mail; in all cases the 
applicant must appear at one of the specified 
examining points. An applicant who has had the 
required year's experience, but at the moment 
does not possess a Class B license will have to 
take an examination that will consist of the 10 
questions forming the normal Class B-C exami- 
nation plus an additional 10 questions relating 
exclusively to amateur radiotelephony — the 
Class A examination itself being devoted solely to 
'phone. To those already possessed of the lower 
form of license, the Class A exam consists only of 
the 10 questions relating to radiotelephony. As 
in the case of the Class B and Class C test, the 
telephony examination consists of one question 
under each of ten headings: Diagram of a modern 
'phone installation; 'Phone Theory; Methods of 
Modulation; Frequency StabUity; Classes of Am- 
plifiers; Exciting Stages; Audio; Modulated 
Amplifier and Modulator; Frequency Modula- 
tion; Overmodulation. In preparing for this exam, 
it is again recommended that a study of the 
Handbook be supplemented by a study of the 
License Manual. In the License Manual repre- 
sentative questions/with their correct answers, 
are listed for the Class A exam just as for the 
Classes B and C. As for these latter two classes, 
the applicant for Class A need have no fear of the 
examination if he can correctly answer the Class 
A examination questions listed in the License 
Manual. 

Portable Operation 
There was a time when an amateur wishing to 

operate a portable transmitter was obliged to 
take out a separate portable station license. This 
is no longer the case. Instead, the holder of a 
fixed amateur station license is entitled to operate 
portable equipment under that call whenever he 
pleases, so long as he complies with the provisions 
of Rule 384 of the Regulations concerning method 
of signing the call for a portable, and with Rule 
387 regarding advance notification to the radio 
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inspector of the district or districts in which the 
portable will be operated. 

Amateurs who contemplate operating a porta- 
ble station should, however, be sure to provide 
themselves with a photostatic or photographic 
copy of the station authorization side of their 
combination operator-station license card. If the 
owner of the station remains at the fixed set he 
should keep his original combination license with 
him at the fixed location (since this is his only 
operator authorization) and send the photostatic 
copy of the station authorization along with 
whoever is running the outside portable outfit. 
On the other hand, if the station owner himself 
goes out with the portable, he should take his 
original license with him and leave the photo- 
static copy of the station authorization at home, 
with his fixed station. 

Important: In sending your portable set out in 
charge of another operator, or when leaving your 
home set in charge of someone else, be sure that 
such other operator is a duly licensed amateur 
operator and that he has his operator's license 
with him. Permitting any of your equipment to 
be operated by a non-licensed person will get you 
in trouble as well as him. 

Posting of Licenses 

It is not required that your license be posted in 
the room where your transmitter is located, but 
it is required that your license be in your personal 
possession whenever you are operating. When it 
happens that your license has been sent in to the 
Federal Radio Commission for some change or 
modification, you are permitted to continue to 
operate for a period of not more than sixty days 
while the license is away, provided that such 
operation does not extend beyond the date of 
expiration. 

Portable-Mobile Operation 

By definition in the regulations of the Federal 
Radio Commission (see pars. 192 and 192 (a)) a 
portable station is one which may be conven- 
iently moved about, but which is not used while 
in motion; in fact, a portable station may not be 
used while in motion without violating the regu- 
lations. When such a station is used while in 
motion, it is known as a portable-mobile station. 
Amateurs may operate portable stations. But 
they may not operate portable-mobile stations, 
except in the special case of such outfits on air- 
craft, and then only in the frequency bands 
56,000-fi0,000 kc. and 400,000-401,000 kc. When 
such amateur high-frequency aircraft portable 
mobile stations are operated, the calling and 
signing procedure specified for portable operation 
in paragraph 384 of the regulations applies. Be 
sure to comply with paragraph 387, regarding 
notification to the radio inspectors concerned, 
too. 

Amateur Regulations 

Every reader of this book who contemplates 
becoming an amateur should spend such time as 
is necessary to tum back to the appendix and 
study both the extracts from the Radio Law and 
the U- S. amateur regulations which will be found 
there. In general the text is self-explanatory. 

Particularly important sections of the Radio 
Law are as follows: Sec. 4, paragraph (D) which 
specifics for what reasons an operator's license 
may be suspended; Sec. 26, specifying the use of 
the minimum amount of power to carry out 
communication; Sec. 27, relating to the secrecy 
of messages; Sec. 28, prohibiting the transmission 
of false distress signals, and Sections 32 and 33, 
which specify the penalties for violation of the 
regulations and of the basic radio law. 

In the amateur regulations all provisions 
should be studied. Some of the more important 
points are mentioned at this point. 

An amateur is a person interested in radio 
technique solely with a personal aim and 
without pecuniary interest. The right to use 
the amateur frequencies is extended only to 
amateurs and then only for amateur purposes. 
This provision protects us from the attempts of 
commercial enterprises to make use of amateur 
frequencies. Bona fide amateur clubs or organiza- 
tions will have no difficulty in obtaining station 
licenses, providing an official individually accepts 
full legal responsibility for operation of the sta- 
tion. 

Amateur stations shall not transmit or receive 
messages for hire nor engage in communication 
for material compensation, direct or indirect, paid 
or promised. This proviso gives further protection 
against commercial enterprises masquerading 
as amateurs, and defines the test of commercial 
traffic as that involving any sort of "compen- 
sation" for the handling thereof. Accordingly, 
so far as practice within the U. S. is concerned, an 
amateur may handle any traffic he sees fit to 
handle, so long as he receives no compensation of 
any kind. 

The licensee of an amateur station shall keep 
an accurate log of station operation, in which 
shall be recorded the time of each transmission, 
the station called, the input power to the last 
stage of the transmitter, the frequency band used 
and the personal "sine" or identification of the 
operator for each period of operation. Amateur 
stations are authorized to use a maximum power 
input into the last stage of a transmitter of one 
kilowatt. The Radio Act requires that the records 
of a station must be available to the radio author- 
ities on demand. Such logs then assist the in- 
spector in investigating'interference cases, alleged 
off-frequency operation or other violations, deter- 
mining when changes in frequency and power 
were made, which conditions interfere and which 
do not, etc. The A.R.R.L. has designed a log-book 
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especially to take care of this government require- 
ment which will be described when we come to the 
discussion of "Operating a Station." An accurate 
and complete station log is compulsory. 

Except on the 28-mc., 56-mc., and 4f)0-mc. 
bands amateurs are obliged to use "pure d.c." 
throughout their transmitters; this is to minimize 
frequency modulation and prevent the emission 
of broad signals. 

Whenever general interference with broadcast 
reception on receiving apparatus of modern de- 
sign exists, the Commission regulations regarding 
quiet hours must be observed, and these will con- 
tinue in effect until it can be shown that adjust- 
ments or alteration of the transmitting arrange- 
ment or methods of treatment of the receivers to 
do away with the trouble have eliminated the 
difficulty. The quiet hours shall be eight to ten 
thirty p. m. local time, daily, and, in addition, 
quiet hours shall be observed on Sunday morning 
from 10:30 a. m. until 1 p. m. It should be noted 
that if use of one frequency band causes local 
interference but another band does not, the sta- 
tion remains free to operate on the bands that do 
not give rise to this difficulty. Even operation on 
a different frequency in the same band may be 
used for operation if it can be shown that it over- 
comes the trouble. 

Amateur stations are not permitted to com- 
municate with commercial or government sta- 
tions unless authorized by the licensing authority 
except in an emergency or for testing purposes. 
This restriction does not apply to communication 

with small pleasure craft such as yachts and mo- 
tor boats holding limited commercial station li- 
censes which may have difficulty in establishing 
communication with commercial or government 
stations. 

Amateur stations are not allowed to broadcast 
any form of entertainment. 

Canadian Regulations 
Canadian amateurs wishing operators' licenses 

must pass an examination before a radio inspector 
in transmission and reception at a speed of ten 
words per minute or more. They must also pass 
a verbal examination in the operation of amateur 
apparatus of usual types, must have a working 
knowledge of procedure, and must have a little 
operating ability prior to taking the examination. 
Nothing is likely to be asked which is not covered 
in this Handbook. The fee for examination as 
operator is 50 cents and is payable to the Radio 
Inspector who examines the candidate. 

The form for application for station license 
may be obtained either from a local Radio In- 
spector's office or direct from the Department of 
Marine and Fisheries, Radio Branch, Ottawa. 
This consists of a blank form with spaces for 
details regarding the station equipment and the 
uses to which it is to be put. The applicant must 
also sign a declaration of secrecy which, as a 
matter of fact, is executed at the time of obtain- 
ing the operator's license. The annual fee for 
station licenses for amateur work in Canada is 
S2.50. 



Chapter Threes 

ELECTRICAL FUNDAMENTALS 

LTHOUGH it is possible for 
the amateur unversed in electrical fundamentals 
to build and operate a station more or less suc- 
cessfully, better practical results and greater 
personal enjoyment of the game are in store for 
him who knows something of what it's all about. 
Amateur radio is really a part of the great field of 
electrical communication, both wire and radio, 
and hence has its foundations in the electrical 
fundamentals that have been in process of de- 
velopment for hundreds of years. To cover com- 
pletely the basic principles involved is far be- 
yond the scope of any one book, let alone a single 
chapter, so the aim here must be to present only 
those fundamentals that experience has shown to 
be of the greatest practical value to the amateur 
in the building and operating of his station. To 
the avid amateur whose appetite may be whetted 
for more, the books suggested in the Appendix 
are recommended for further study. 

What Is Electricity? 
In the not distant past the nature of electricity 

was considered something beyond understanding 
but in recent years much of the mystery has been 
removed. We know now that what we call elec- 
tricity is the evidence of activity of electrons. 

"Electrons in motion constitute an electric cur- 
rent." 

But what is the electron and what is the source 
of those that constitute electric current? The ac- 
cepted theory is that the electron does not ordi- 
narily exist in an isolated state but normally has 
a sort of family life, in combination with other 
electrons, in the atom. Atoms make up molecules 
which, in turn, make up the substances familiar 
to us, copper, iron, aluminum, etc. Atoms differ 
from each other in the number and arrangement 
of the electrons that constitute them. 

The atom has a nucleus which is considered to 
be composed of both positive and negative elec- 
trons, but with the positive predominating so 
that the nature of the nucleus is positive. For pur- 
poses of identification the positive electrons are 
referred to as protons and the negative electrons 
simply as electrons. The electrons and protons of 
the nucleus are intimately and closely bound to- 
gether. But exterior to the nucleus are negative 
electrons which are more or less free agents that 
can leave home with little urging. Ordinarily the 
atom is electrically neutral, the outer negative 
electrons balancing the positive nucleus. It is 
when something happens to disturb this balance 
and when the foot-loose electrons begin to leave 
home that electrical activity becomes evident. 

Electron Flow—Electric Current 

It is considered likely that there is a continuous 
interchange of electrons between the atoms of a 
solid body, such as a piece of copper wire, but 
that the net effect under ordinary conditions is 
to make the average in any one direction zero. If, 
however, there is an electric field through the 
wire, as when the ends are connected to the 
terminals of a battery, there sets in a consistent 
drift of the negatively charged electrons, from 
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FIG. 301 — HOW CURRENT IS CONDUCTED IN A WIRE 
Elcetrom are relayed from atom to atom, from tha negative 

to the positive and of tha conductor. 

atom to atom, towards the end of the wire con- 
nected to the positive battery terminal, somewhat 
as shown in Fig. 301. This drift of electrons con- 
stitutes an electric current. The rate at which the 
current flows will be determined by the character- 
istics of the conductor, of course, and by the 
strength of the electric field. 

Each electron, and they are all alike irrespec- 
tive of the kind of atom from which they come, is 
unbelievably minute and a measure of electric 
current in terms of number of electrons would 
be impracticable. Therefore a larger unit is used, 
the ampere. 

A current of 1 ampere represents nearly 10™ (ten 
million, million, million) electrons flowing past a 
point in 1 second; or a micro-ampere {millionth of 
an ampere) nearly 10 million electrons per micro- 
second {millionth of a second). 

Conductors and Insulators 
The ease with which electrons are able to be 

transferred from one atom to another is a measure 
of the conductivity of the material. When the 
electrons are able to flow readily, we say that 
the material is a good conductor. If they are 
not able to chase off to another atom quite so 
readily, we say that the substance has more 
resistance. Should it be almost impossible for 
the electrons to break from their normal path 
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around their own nucleus, the material is what we 
term an insulator. Copper, silver and most 
other metals are relatively good conductors of 
electricity; while such substances as glass, mica, 
rubber, dry wood, porcelain and shellac are 
relatively good insulators. 

The resistance of most substances varies 
with changes in temperature. Sometimes the 
variation is so great that a body ordinarily con- 
sidered an insulator becomes a conductor at high 
temperatures. The resistance of metals usually 
increases with an increase in temperature while 
the resistance of liquids and of carbon is decreased 
with increasing temperature. 

Conduction in Liquids and Gases 
Besides the case of conduction in the solid 

copper wire, in which there is electron drift from 
atom to atom but with the individual atoms re- 
maining more or less stationary and each being 
but momentarily deficient in electron content, 
there are other forms of conduction important in 
radio communication. The general case of con- 
duction in liquids is one. 

For instance, take that of conduction in a solu- 
tion of sodium chloride (common table salt) in 
water. In such a solution there are a number of 
molecules of salt that have separated into two 
parts, one of which has the nucleus of the sodium 
atom while the other has the nucleus of the chlo- 
rine atom. But the two parts are not truly atoms 
because the chlorine part has one excess electron 
and is negative in character while the sodium part 
is deficient by one electron and therefore is posi- 
tive in character. No longer true atoms, they are 
now ions and the spontaneous process of disas- 
sodalion in solution is one form of ionization. If 
plates connected to the terminals of a battery are 
now placed in the solution, the positive sodium 
ions travel to the negative plate where they ac- 
quire negative electrons; and the negative chlo- 
rine ions travel to the positive plate where they 
give up their excess electrons; and both again 
become neutral atoms. The energy supplied by the 
battery is used to move the ions through the liquid 
and to supply or remove electrons. Thus there is a 
flow of electric current through the liquid by 
electrolytic conduction. This kind of conduction 
plays a part in the operation of such radio equip- 
ment as electrolytic rectifiers. 

Another type of conduction important in the 
operation of radio equipment is that which takes 
place in gases. This also involves ionization, al- 
though here the ionization is not spontaneous as 
in the electrolytic conduction just described but 
is produced by rapidly moving free electrons col- 
liding with atoms, and hence, is called ionization 
by collision. Such conduction is illustrated by the 
ordinary neon lamp. The bulb contains a pair 
of plates and is filled with neon gas. In addition 
to the molecules of the gas, there will be a few free 
electrons. If a battery of sufficient voltage is con- 

nected to the two plates, the initial free electrons 
will make a dive for the positively charged plate, 
their velocity being accelerated by the electric 
field. In their headlong dash they collide with 
neon atoms and knock off outer electrons of these 
atoms, converting the latter to positive ions. The 
additional free electrons produced by collision 
now join the procession, and ionize more atoms. 
As they are freed, the electrons travel towards 
the positive plate. In the meantime, the more 
sluggish positive ions have been traveling to- 
wards the negative plate, where they acquire 
electrons and again become neutral atoms. The 
net result is a flow of electrons, and hence of 
current, between the electrodes, from negative 
plate to positive plate. The light given off, it may 
be mentioned, is considered incidental to the 
recombination of ions and free electrons at the 
negative plate. This kind of conduction by ioniza- 
tion is utilized in the operation of the gaseous 
rectifiers used in radio power supplies. 

Still another form of conduction very impor- 
tant in radio communication is pure electronic 
conduction. In the case of the copper wire we saw- 
that the individual electrons did not make the 
complete trip from one end of the circuit to the 
other but that the flow was a sort of relay process. 
We also saw that the electrons could not leave the 
wire in random directions but, under the influence 
of the electric field, progressed only from the 

negative towards the 
positive end. They were 
restrained from leaving 
the surfaces of the con- 
ductor. But they can be 
made to fly off from the 
conductor when prop- 
erly stimulated to do 
so, as is illustrated by 
the familiar radio vac- 
uum tube. Here we have 
electrons being freed 
from the cathode, a con- 
ductor that would nom- 
inally retain them, and 
actually traveling 
through vacuum to the 
plate that attracts them 
because it is connected 
to the positive terminal 
of a battery, as illus- 

trated in Fig. 302. The reason that the elec- 
trons are freed from the cathode is that it has 
been heated to a temperature that activates 
them sufficiently to enable them to break away. 
This is known as thermionic electron emission. 
sometimes called simply emission. Once free, most 
of the emitted electrons make their way to the 
plate, although some return, repelled from travel- 
ing farther by the cloud of negative electrons im- 
mediately surrounding the cathode. This electron 
cloud about the emitting cathode constitutes 

Cotcodt 

il«IW 

PuitlVt 
Plate 

Battery 

FIG. 302—ELECTRONIC 
CONDUCTION BY ELEC- 
TRON EMISSION IN THE 

VACUUM TUBE 
Slimulsled by haal, cUc- 

troni fly off from the cathode 
or filament and are attracted 
to the positive plate. 



ELECTRICAL FUNDAMENTALS 21 

what is known as the space charge. A few electrons 
that reach the plate may have sufficient velocity 
to dislodge one or more electrons already on the 
plate. This dislodging of electrons from the plate 
by other fast moving electrons constitutes sec- 
ondary emission. When it occurs there is actually 
simultaneous electron flow in two directions. 
The various phenomena connected with elec- 
tronic conduction, briefly outlined here, are of 
such extreme importance in the operation of 
vacuum tubes that they cannot be emphasized 
too greatly. 

Direction of Flow 
There is one point in connection with current 

flow which is likely to cause confusion in the 
reader's mind if particular attention is not paid 
to it. The drift of electrons along a conductor 
(which constitutes a current flow) is always from 
the negative to the positive terminal. On the other 
hand, the usual conception is that of electricity 
flowing from the positive to the negative terminal. 
The discrepancy results from the fact that the 
pioneer electrical experimenters, having no ac- 
curate understanding of the nature of elec- 
tricity, assumed the direction to be from positive 
to negative. However, just so long as the facts 
are recognized clearly, no confusion need result. 

Electromotive Force — Voltage 
Just as soon as electrons are removed from one 

body and become attached to a second one, there 
is created a firm desire on the part of the es- 
tranged electrons to return to their normal posi- 
tion. For instance, the excess electrons on the 
negatively charged pole of a battery, attempting 
to return to the positively charged pole, create an 
electrical pressure between the two terminals. 
This pressure is termed electromotive force and the 
unit of measurement, widely used in our radio 
work, is the volt. In the ordinary dry cell (when 
fresh) the electromotive force between the two 
terminals is of the order of 1.5 or 1.6 volts. Should 
we have two such cells, and should we connect 
the negatively charged terminal of one to the 
positively charged terminal of the second cell we 
would then have twice the voltage of one cell 
between the remaining two free terminals. In this 
example we have connected the cells in series and 
the combination of the two cells becomes what we 
know as a battery. In the common "B" battery, 
so widely used with radio receivers, a great many 
small cells are so connected in series to provide 
a relatively high electromotive force or voltage 
between the outer terminals. 

Another method of connecting a battery of 
cells together is to join all the positive terminals 
and all the negative terminals. The cells are then 
said to be connected in parallel. The voltage be- 
tween the two sets of terminals will then be just 
the same as that of a single cell but it will be pos- 
sible to take a greater amount of current, from the 

battery than would have been possible from the 
single cell. 

In practical work we use meters to measure 
voltage and current. The voltmeter is connected 
across the points between which the unknown 
voltage exists while the ammeter is connected in 
series with the conductor in which the current 
flows. With this arrangement, the ammeter be- 
comes a part of the conductor itself. In both 
cases, the reading in volts or amperes will be 
indicated directly on the calibrated scale of the 
instrument. 

How Electricity Is Produced 
The ordinary electric cell and the electric gen- 

erator are the sources of current used in ordinary 
practice. The electric cell may take the form of a 
so-called dry cell, a wet cell or perhaps a storage 
cell. In any case, the current is derived by a 
chemical action within the cell. In the first two 
forms mentioned, the action of the fluid (there is 
a fluid even in a "dry" cell) tears down the struc- 
ture of one of the elements or "poles" of the cell, 
producing an excess of electrons in one element 
and a deficiency in the other. Thus, when the 
elements are connected by a conductor, this un- 
balance of electrons results in a flow of electrons 
from one element to the other and the flow is 
what we know as an electric current. In the stor- 
age cell, the chemical change is reversible and the 
cell can be "recharged." The manner in which the 
electric generator produces a current is to be dis- 
cussed at a later stage. 

Direct and Alternating Current— Frequency 
Of course, all electric currents do not flow con- 

tinuously in the same direction along a conduc- 
tor. The currents produced by batteries and by 
some generators flow in this manner, and there- 
fore are termed direct currents. Should the current, 
for some reason or other, increase and decrease at 
periodic intervals or should it stop and start fre- 
quently it is still a direct current as long as the 
flow is always in the same direction, though it 
would be a fluctuating or intermittent one. 

The type of current most generally used for 
the supply of power in our homes does not flow 
in one direction only, but reverses its direction 
many times each second. The electron drift or 
flow in a conductor carrying such a current first 
increases to a maximum, falls to zero, then reverses 
its direction, again rises to a maximum and again 
falls to zero — to reverse its direction again and 
continue the process. In most of the power cir- 
cuits, the current flows in one direction for 
1/120th of a second, reverses, flows in the oppo- 
site direction for another 1/120th of a second 
and so on. In other words, the complete cycle of 
reversal occupies l/60th of a second. The number 
of complete cycles of flow in one second is termed 
the frequency of the current. In the instance 
under discussion we would say that the frequency 
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is 60 cycles per second. All currents which 
reverse their direction in this manner are known 
as alternating currents. We are to find that they 
are not by any means limited to the circuits 
which supply power to our homes. Telephone 
and radio circuits, for instance, are virtually 
riddled with alternating currents having a wide 
variety of frequencies. The currents which are 
produced by the voice in a telephone line may 
have frequencies between about 100 and 5,000 
cycles per second while the alternating currents 
wliich we are to handle in the circuits of a radio 
transmitter may have a frequency as high as 
60 million cycles per second. Because of the high 
frequencies used in radio work the practice of 
speaking in terms of cycles per second is an awk- 
ward one. It is customary, instead, to use kilo- 
cycles per second or, simply, kilocycles (kc.) — 
the kilocycle being one thousand cycles. Yet an- 
other widely used term is the megacycle (mc.) — 
a million cycles. 

Alternating current, unlike direct current, can- 
not be generated by batteries. For the supply of 
commercial power it is almost always produced 
by rotating machines driven by steam turbines. 
In radio work we make use of this current for the 
power supply of our radio apparatus but the 
very high frequency alternating currents in the 
radio transmitter are almost invariably produced 
by vacuum tubes connected in appropriate 
circuits. 

Resistance and Resistors — Ohm's Law 
Now that we have some conception of what an 

electric current really is and of the different forms 

readily than others — they have less resistance. 
Most of the conductors in radio apparatus — 
such as wiring, coils, etc. — are required to have 
the greatest conductivity or the least resistance 
possible. They are of metal, usually copper. But 
many of the conductors are actually placed in the 
circuit to offer some definite amount of resistance. 
They are known under the general terra of resis- 
tors and the amount of resistance they (or any 
conductor) offer is measured in ohms. 

When a current flows in any electric circuit, 
the magnitude of the current is determined by 
the electromotive force in the circuit and the re- 
sistance of the circuit, the resistance being de- 
pendent on the material, cross-section and length 
of the conductor. The relations which determine 
just what current flows are known as Ohm's Law. 
It is an utterly simple law but one of such great 
value that it should be studied with particular 
care. With its formula, carrying terms for current, 
electromotive force and resistance, we are able to 
find the actual conditions in many circuits, 
providing two of the three quantities are known. 
When I is the current in amperes, E is the electro- 
motive force in volts and K is the circuit resistance 
in ohms, the formulas of Ohm's Law are: 
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The resistance of the circuit can therefore be 
found by dividing the voltage by the current; the 
current can be found by dividing the voltage by 
the resistance; the electromotive force or e.m.f. 
is equal to the product of the resistance and the 

current. At a later stage 
it will be shown just how 
valuable may be the 
practical application of 
this law to the ordinary 
problems of our radio 
work. 
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FIG. 303 —RESISTANCES CONNECTEDIN SERIES, PARALLEL, AND SERIES-PARALLEL 

in which electricity is to be found, we may pro- 
ceed to examine its effects in the apparatus which 
is to be used in radio work. 

The most common equipment used in radio 
work is the conductor. We have already men- 
tioned that any substance in which an electric 
current can flow is a conductor and we have also 
pointed out that some substances conduct more 

The resistors used in 
electrical circuits to in- 
troduce a known amount 
of resistance are made up 
in a variety of forms. 
One common type con- 
sists of wire, of some high 
resistance metal, wound 
on a porcelain former. To 

obtain very high values of resistance the wire must 
be extremely fine. Because this introduces manu- 
facturing difficulties, some of the high value re- 
sistors which are not required to carry heavy 
current are made up of some carbon compound 
or similar high resistance material. Resistors, like 
cells, may be connected in series, in parallel or in 
series-parallel. When two or more resistors are 



ELECTRICAL FUNDAMENTALS 23 

connected in series, the total resistance of the 
group is higher than that of any of the units. Should 
two or more resistors be connected in parallel, the 
total resistance is decreased. Fig. 303 shows how 
the value of a bank of resistors in series, parallel 
or series-parallel may be computed. 

Heating Effect and Power 
The heating effect of the electric current is due 

to molecular friction in the wire caused by the 
flow of electricity through it. This effect depends 
on the resistance of the wire; for a given time 
(seconds) and current (amperes) the heat gen- 
erated will be proportional to the resistance 
through which the current flows. The power used 
in heating or the heat dissipated in the circuit 
(which may be considered sometimes as an un- 
desired power loss) can be determined by sub- 
stitution in the following equations. 

Power (watts) = El 
We already know that E=TR 
Therefore, P=lRy.I=PR 

E* 
Also, P=^ 

It will be noted that if the current in a resistor 
and the resistance value are known, we can 
readily find the power. Or if the voltage across a 
resistance and the current through it are known 
or measured by a suitable voltmeter and am- 
meter, the product of volts and amperes will 
give the instantaneous power. Knowing the ap- 
proximate value of a resistor (ohms) and the ap- 
plied voltage across it, the power dissipated is 
given by the last formula. 

Just as we can measure power dissipation in a 
resistance, we can determine the plate power 
input to a vacuum-tube transmitter, oscillator 
or amplifier, by the product of the measured plate 
voltage and plate current. Since the plate cur- 
rent is usually measured in milliamperea (thou- 
sandths of amperes), it is necessary to divide 
the product of plate volts and milliamperes by 
1000 to give the result directly in watts. 

Part C of the diagram, showing the variation 
of output of a generator with different resistance 
loads, suggests how a voltmeter and ammeter 
may be connected for measuring the power out- 
put of the generator or the power dissipated in 
the resistor. The power will be EXl in all cases, 
but this product will be zero in either A or B 
where either I or E ia zero. As shown by the sketch 
the maximum power in the load (but not maxi- 
mum efficiency) is obtained when the load re- 
sistance equals the internal resistance of the 
battery or generator. 

Alternating Current Flow 
In all of these examples we have been assuming 

that direct currents are being considered. When 
we impress an alternating voltage on circuits such 

as those discussed we will cause an alternating 
current to flow, but this current may not be of 
the same value as it would be with direct current. 
In many instances, such as that of a vacuum tube 
filament connected to a source of alternating cur- 
rent by short wires, the behavior of the circuit 
would follow Ohm's Law as it has been given and 
if alternating current meters were used to read 
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the current afld voltage we could compute the 
resistance of the circuit with sufficient accuracy 
for all ordinary practical purposes. Should there 
be a coil of wire in the circuit, however, or any 
electrical apparatus which is not a pure resistance, 
it would not necessarily be possible to apply our 
simple formula with satisfactory results. An 
explanation of the reason for this involves an 
understanding of the characteristics of other 
electrical apparatus, particularly of coils and 
condensers, which have very important parts to 
play in all radio circuits. 

Electromagnetism 
When any electric current is passed through a 

conductor, magnetic effects are produced. Mov- 
ing electrons -produce magnetic fields. Little is 
known of the exact nature of the forces which 
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come into play but it is assumed that they are in 
the form of lines surrounding the wire; they are 
termed lines of magnetic force. It is known that 
these lines of force, in the form of concentric 
circles around the conductor, lie in planes at 
right angles to the axis of the conductor. 

The magnetic field constituted by these lines of 
force exists only when current is flowing through 
the wire. When the current is started through the 
wire, we may think of the magnetic field as com- 
ing into being and sweeping outward from the 
axis of the wire. And on the cessation of the cur- 
rent flow, the field collapses toward the wire again 
and disappears. Thus energy is alternately stored in 
the field and returned to the wire. When a conductor 
is wound into the form of a coil of many turns, the 
magnetic field becomes stronger because there 
are more lines of force. The force is expressed in 
terms of mugnelo-molive force {m.m.f.) which de- 
pends on the number of turns of wire, the size of 
the coil and the amount of current flowing 
through it. The same magnetizing effect can be 
secured with a great many turns and a weak 
current cr with fewer turns and a greater current. 
If ten amperes flow in one turn of wire, the magnet- 
izing effect is 10 am-pere-turns. Should one am- 
pere flow in ten turns of wire, the magnetizing 
effect is also 10 ampere-turns. 

The length of the magnetic circuit, the material 
of which it is made and the cross-sectional area, 
determine what magnetic flux (4>) will be pres- 
ent. And just as the resistance of the wire deter- 
mines what current will flow in the electric 
circuit, the reluctance (ji) of the magnetic circuit 
(depending on length, area and material) acts 
similarly in the magnetic circuit. 

E 
/ = d in the electric circuit; so K 

m.m.f., , • .x 
•l" = m the magnetic circuit. 

The magnetic field about wires and coils may 
be traced with a compass needle or by sprinkling 
iron filings on a sheet of paper held about the coil 
through which current is passing. When there is 
an iron core the increased magnetic force and the 
concentration of the field about the iron are 
readily discernible. 

Permeability is the ratio between the flux 
density produced in a material by a certain m.m.f.' 
and the flux density that the same m.m.f. will 
produce in air. Iron and nickel have higher per- 
meability than air. Iron has a permeability some 
3000 times that of air, is of low cost, and is there- 
fore very commonly used in magnetic circuits of 
electrical devices. The permeability of iron varies 
somewhat depending on the treatment it receives 
during manufacture. Soft iron has low reluctivity, 
another way of saying that its permeability is 
extremely high. The molecules of soft iron are 
readily turned end to end by bringing a current- 

carrying wire or a permanent magnet near. When 
the influence is removed they just as quickly 
resume their former positions. 

When current flows around a soft iron bar we 
have a magnet. When the circuit is broken so the 
current cannot flow, the molecules again assume 
their hit-or-miss positions. Little or no magnetic 
effect remains. When a steel bar is subjected to 
the same magneto-motive force in the same way, 
it has less magnetic effect. However, when the 
current is removed, the molecules tend to hold 
their end-to-end positions and we have produced 
a permanent magnet. Compass needles are made 
in this way. Permanent magnets lose their magnet- 
ism only when subjected to a reversed m.m.f., 
when heated very hot or when jarred violently. 

Inductance 
The thought to be kept constantly in mind is 

that whenever a current passes through a coil it 
sets up a magnetic field around the coil; that the 
strength of the field varies as the current varies; 
and that the direction of the field is reversed if the 
direction of current flow is reversed. It is of inter- 
est now to find that the converse holds true — 
that if a magnetic field passes through a coil, an 
electro-motive force is induced in the coil; that if 
the applied field varies, the induced voltage 
varies; and that if the direction of the field is 
reversed, the direction of the current produced by 
the induced voltage is reversed. This phenomenon 
provides us with an explanation of many electri- 
cal effects. It serves in the present instance to 
give us some understanding of that valuable 
property of coils — self-inductance. Should we 
pass an alternating current through a coil of 
many turns of wire, the field around the coil will 
increase and decrease, first in one direction and 
then in the other direction. The varying field 
around the coil, however, will induce a varying 
voltage in the coil and the current produced by 
this induced voltage will always be in the oppo- 
site direction to that of the current originally 
passed through the wire. The result, therefore, is 
that because of its property of self-induction, the 
coil tends constantly to prevent any change in 
the current flowing through it and hence to limit 
the amount of alternating current flowing. The 
effect can be considered as electrical inertia. 
The formula for computing the inductance of 
radio-frequency coils is given in the Appendix; 
and data for iron-core coils in Chapter Ten. 

The Reactance of Coils 
As we have said, a coil tends to limit the 

amount of current which an alternating voltage 
can send through it. A further very important 
fact is that a given coil with a fixed amount of 
inductance will impede the flow of a high fre- 
quency alternating current much more than a low 
frequency current. We know, then, that the 
characteristic of a coil in impeding an alternating 
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current flow depends both on the inductance of 
the coil and on the frequency of the current. This 
combined effect of frequency and inductance in 
coils is termed reactance, or inductive reactance. 

The inductive reactance formula is: 

A'i = 27r/L 

where: A'i is the inductive reactance in ohms 
jr is 3.1416 
/ is the frequency in cycles per second 
L is the inductance in henries 

Transformers and Generators 
We have stated that if a magnetic field passes 

through a coil, an electromotive force is induced 
in the coil. Not only does this phenomenon pro- 
vide us with an explanation of self-inductance in 
coils but it permits an understanding of how 
transformers and generators operate. Transform- 
ers are very widely used in radio work — their 
essential purpose being to convert an alternating 
current supply of one voltage to one of higher or 
lower voltage. In transmitters, for instance, there 
will be one or more transformers serving to step 
down the 110-volt supply voltage to 7.5, 10 or 11 
volts for the filaments of the transmitt ing tubes. 
Then there will be another transformer to step up 
the 110-volt supply to 500, 1000 or perhaps 
several thousand volts for the plate supply of the 
transmitting tubes. These transformers will con- 
sist of windings on a square core of thin iron strips. 
The 110-volt supply will flow through a primary 
winding and the magnetic field created by this 
current flow, because it is common to all windings 
on the core, will induce voltages in all the wind- 
ings. Should one of the secondary windings have 
twice the number of turns on the primary wind- 
ing, the secondary voltage developed will be 
approximately twice that of the primary voltage. 
Should one of the secondary windings have one 
third of the primary turns, the voltage developed 
across the secondary will be one third the primary 
voltage. Direct current flowing in the primary of 
such a transformer would build up a magnetic 
field as the current started to flow but the field 
would be a fixed one. So long as the primary 
current remained steady there would be no 
voltages developed in the secondaries. This is the 
reason why transformers cannot be operated from 
a source of continuous direct current. 

A somewhat similar arrangement is to be found 
in the alternating current generator — a simpli- 
fied diagram of which is shown in Fig. 305. In 
one common form of alternator, the magnetic 
field is fixed and voltages are induced in the coil 
by its rotation in the field. The result is exactly 
similar to that which would be obtained if the 
coil was fixed and the field rotated around it. As 
the coil turns at a uniform rate from the vertical 
position, it is cut by an increasing number of 
magnetic lines of force and the induced voltage 
increases until it becomes a maximum when the 

coil is horizontal. As the coil continues to rotate 
towards the vertical position the induced voltage 
decreases until it becomes zero when the coil is 
again in the vertical plane. When the coil con- 
tinues its rotation from this position, the direc- 
tion of the field with respect to the turns of the 
coil has now been reversed and the voltage 
between the ends of the coil has therefore been 
reversed also. As the coil continues its rotation, 
the voltage again climbs to a maximum and falls 
to zero when the coil reaches its original vertical 
position. In the actual generator, of course, the 
rotation of the coil (the armature) is very rapid. 
The speed of rotation in the elementary machine 
shown in the diagram would directly govern the 
frequency of the alternating voltage produced. 

In the practical alternator, of course, the 
arrangement is much more complex and the 
electro-magnet which produces the field may have 
many pairs of poles. A similar machine is used to 
generate direct current. The chief difference in it 
is that a commutator is provided on its shaft to 
rectify the output of the armature. This process 
involves changing the direction of every alternate 
half-cycle — so causing all the pulses of voltage 
generated to be in the same direction. 
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Condensers — Capacitance 
In radio circuits condensers play just as im- 

portant a part as coils. Condensers and coils, 
in fact, are almost always used together. The 
condenser consists essentially of two or more 
metal plates separated by a thin layer of some 
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nsulating medium from a second similar plate or 
set of plates. The insulating medium between the 
metal elements of the condenser is termed the 
dielectric. Unvarying direct current cannot flow 
through a condenser because of the insulation 
between the plates. But a steady voltage applied 
to the terminals of such a condenser will cause it 
to become charged. The effect, to return to a dis- 
cussion of electrons, is simply that one element 
of the condenser is provided with an excess of 
electrons — thus becoming negatively charged — 
while the other plate suffers a deficiency of elec- 
trons and is therefore positively charged. Should 
the charging voltage be removed and the two 
elements of the condenser be joined with a conduc- 
tor, a flow of electrons would take place from the 
negative to the positive plate. In other words, 
a current would flow. 

The characteristic which permits a condenser 
to be charged in this manner is termed capadUj 
or capacitance. The capacity of a condenser de- 
pends on the number of plates in each element, 
the area of the plates, the distance by which they 
are separated by the dielectric and the nature of 
the dielectric. Glass or mica as the dielectric in a 
condenser would give a greater capacity than 
air — other things being equal. The dielectric 
constants for different materials and the formula 
used for comput ing t he capacity of condensers are 
to be found in the Appendix. 

The unity of capacity is the fnra/l. A condenser 
of one farad, however, would be so large that its 
construction would be impractical. A more com- 

-u 

FORMS OF CONDENSERS 
Tha variable condenser symbols are interchangeeble. Both are 

widely used. 

mon term in practical work is the microfarad 
(abbreviated jufd.) while another (used particu- 
larly for the small condensers in high-frequency 
apparatus) is the micro-microfarad (abbrevi- 
ated M/ffd.). The /ffd. is one millionth of a farad; 
the /i/xfd. is one millionth of a microfarad. 

A considerable variety of types of condensers is 
used in radio work. Perhaps the most commonly 
known type is the variable condenser — a unit 
comprising two sets of metal plates, one capable 
of being rotated and the other fixed and with the 
two groups of plates interleaving. In this case, the 
dielectric is almost invariably air. The fixed con- 

denser is also widely used. One type consists of 
two sets of metal foil plates separated by thin 
sheets of mica, the whole unit being enclosed in 
molded bakelite. Yet another type — usually of 
high capacity — consists of two or more long 
strips of tin foil separated by thin waxed paper, 
the whole thing being rolled into compact form 
and enclosed in a metal can. Common units of 
this type have capacities of from one to four 
microfarads. 

Alternatins Current in a Condenser 
We can readily understand how very different 

will be the performance of any condenser when 
direct or alternating voltages are applied to it. 
The direct voltages will cause a sudden charging 
current, but that is all. The alternating voltages 
will result in the condenser becoming charged 
first in one direction and then the other — this 
rapidly changing charging current actually being 
the equivalent of an alternating current through 
the condenser. Many of the condensers in radio 
circuits are used just because of this effect. They 
serve to allow an alternating current to flow 
through some portion of the circuit but at the 
same time prevent the flow of any direct current. 

Capacitive Reactance 
Of course, condensers do not permit alternating 

currents to flow through them with perfect ease. 
They impede an alternating current, just as an 
inductance does. The term capacitive reactance is 
used to describe this effect in the case of con- 
densers. Unlike inductances, condensers have a 
reactance which is inversely proportional to the 
condenser size and to the frequency of the 
applied voltage. The formula for capacitive 
reactance is 

X ss ^  
2t/CM. 

Where A'o is the capacitive reactance in ohms 
ir is 3.1416 
/ is the frequency in cycles per second 
Cm. is the condenser capacitance in farads 

Where the capacitance Is in microfarads (/ffd.), 
as it is in most practical cases, the formula 
becomes 

27r/CMM. 

lO6 being 1,000,000. 

Condenser Connections 
Capacitances can be connected in series or 

in parallel like resistances or inductances. How- 
ever, connecting condensers in parallel makes the 
total capacitance greater while in the case of 
resistance and inductance, the value is lessened by 
making a parallel connection. 

The equivalent capacity of condensers con- 
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nected in parallel is the sum of the capacities of 
the several condensers so connected: 

C = Cl+C2+C! 

The equivalent capacity of condensers con- 
nected in series is expressed by the following 
formula which can be simplified as shown when 
but two condensers are considered; 

1 1,1,1. c CiC* 
C C, C, C,' c.+c, 

It is sometimes necessary to connect filter 
condensers in series. This increases the break- 
down voltage of the combination although, of 
course, it decreases the capacity available. Con- 
densers of identical capacitance are most effec- 
tively connected in series for this purpose. Voltage 
tends to divide across series condensers in inverse 
proportion to the capacity, so that the smaller of 
two series condensers will break down first if the 
condensers are of equal voltage rating. Before 
selecting filter condensers the operating con- 
ditions, voltage peaks and r.m.s. values should 
be carefully considered. For complete information 
on this matter the chapter on Power Supply 
should be consulted. 

Distributed Inductance, Capacity and Resistance 
So far we have considered three very important 

properties of electrical circuits and apparatus; 
Resistance, inductance and capacity. Resistors, 
coils and condensers are all built to have as much 
as possible of one of these properties with as little 
as possible of the other two. These "lumped" 
properties can then be utilized in a circuit to 
produce the required effect on the current and 
voltage distribution. In every sort of coil and 
condenser, however, we find not just the one 
property for which the instrument is used but 
a combination of all the electrical properties we 
have mentioned. And for this reason most design 
work is somewhat of a compromise. Every coil 
and transformer winding has resistance and dis- 
tributed capacity between the turns in addi- 
tion to the inductance that makes it a useful 
device. Then, every condenser has some re- 
sistance. Resistors, as another example, quite often 
have appreciable inductance and distributed 
capacity. 

Ohm's Law (or Alternating Current 
We start to realize the importance of these 

characteristics just as soon as we endeavor to 
apply Ohm's Law to circuits in which alternating 
current flows, if inductances did not have any 
resistance we could assume that the current 
through the coil would be equal to the voltage 
divided by the reactance. But the coil will have 
resistance, and this resistance will act with the 
reactance in limiting the current flow. The com- 
bined effect of the resistance and reactance is 
termed impedance in the case of both coils and 

condensers. The symbol for impedance is Z and 
it is computed from this formula: 

Z = VR*+X*- 

where R is the resistance of the coil and where A' 
is the reactance of the coil. The terms Z, R and 
A' are all expressed in ohms. Ohm's Law for alter- 
nating current circuits then becomes 

/ = f Z = y E=IZ 

In finding the current flow through a condenser 
in an alternating current circuit we can often 

J,' 
assume that / = — (A'c being the capacitive re- 

Ae 
actance of the condenser). The use of the term 
Z (impedance) is, in such cases, made unneces- 
sary because the resLstance of the usual good 
condenser is not high enough to warrant con- 
sideration. When there is a resistance in series 
with the condenser, however, it can be taken into 
account in exactly the same manner as was the 
resistance of the coil in the example just given. 
The impedance of the condenser-resistance com- 
bination is then computed and used as the Z term 
in the Ohm's Law formulas. 

The Sine Wave 
In Fig. 305, illustrating the action of the alter- 

nator in generating an alternating voltage, a 
curve indicating the voltage developed by the 
alternator during one complete cycle was shown. 
This curve, as obtained with a theoretically per- 
fect alternator, is known as a sine curve. All the 
formulas given for alternating current circuits 
have been derived with the assumption that any 
alternating voltage under consideration would 
follow such a curve. It is evident that both the 
voltage and current are swinging continuously 
between their positive maximum and negative 
maximum values, and the beginner must wonder 
how one can speak of so many amperes of alter- 
nating current when the value is changing con- 
tinuously. The problem is simplified in practical 
work by considering that an alternating current 
has a value of one ampere when it produces heat 
at the same average rate as one ampere of con- 
tinuous direct current flowing through a given 
resistor. This effective value of an alternating 
current, if it truly follows a sine curve or has a 
sinusoidal wave form, is equal to the maximum or 
peak value divided by 1.41, the square root of 2. 
Similarly, the effective value of an alternating 
voltage is its peak value divided by 1.41. 

Another important value, involved where 
alternating current is rectified to direct current, is 
the average. This is equal to .636 of the maximum 
(or peak) value of either cm-rent or voltage. The 
three terms maximum (or peak), effective (or 
r.m.s.) and average are so important and are en- 
countered so frequently in radio work that they 
should be fixed firmly in mind right at the start. 
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They are related to each other as follows: 

Envxx =ECU X 1.414 =£aveX 1.57 
Ecu =Enu,x X.707 = Euve X1.11 
E*ve =Em,x X.636 =EbiiX.9 

The relationships for current are the same as 
those given above for voltage. The usual alter- 
nating current ammeter or voltmeter gives a 
direct reading of the effective or r.m.s. (root mean 
square) value of current or voltage. A direct 
current ammeter in the plate circuit of a vacuum 
tube approximates the average value of rectified 
plate current. Maximum values can be measured 
by a peak vacuum-tube voltmeter such as is 
described in the chapter on Radiotelephony. 

Phase Angle 
It has been mentioned that in a circuit contain- 

ing inductance, the rise of current is delayed by 
the effect of electrical inertia presented by the in- 
ductance. Both increases and decreases of current 
are similarly delayed. It is also true that a current 
must flow into a condenser before its elements can 
be charged and so provide a voltage difference 
between its terminals. Because of these facts, we 
say that a current "lags" behind the voltage in 
a circuit which has a preponderance of inductance 
and that the current "leads" the voltage in a 
circuit where capacity predominates. Fig. 305 
shows three possible conditions in an alternating 
current circuit. In the first, when the load is a 
pure resistance, both voltage and current rise to 
the maximum values simultaneously. In this 
case the voltage and current are said to be in 
phase. In the second instance, the existence of 
inductance in the circuit has caused the current 

to lag behind the voltage. In the diagram, the 
current is lagging one quarter cycle behind the 
voltage. The current is therefore said to be 90 
degrees out of phase with the voltage (360 degrees 
being the complete cycle). In the third example, 
with a capacitive load, the voltage is lagging one 
quarter cycle behind the current. The phase 
difference is again 90 degrees. These, of course, 
are theoretical examples in which it is assumed 
that the inductance and the condenser have no 
resistance. Actually, the angle of lag or lead de- 
pends on the ratio of reactance to resistance in 
the circuit. 

Power Factor 
In a direct current circuit or in an alternating 

current circuit containing only resistance, the 
jrower can be computed readily by multiplying 
the voltage by the current. But it is obviously 
impossible to compute power in this fashion for 
an alternating current circuit in which the cur- 
rent may be maximum when the voltage is zero; 
or for any case in which the voltage and current 
are not exactly in phase. In computing the power 
in an a.c. circuit we must take into account any 
phase difference between current and voltage. 
This is made possible by the use of a figure repre- 
senting the poner factor. 

The power factor is equal to the actual power in 
the circuit (watts) divided by the product of the 
current and voltage (volt amperes). In terms of a 
circuit property, it is equal to the resistance di- 
vided by the impedance in the circuit. In the case 
of a circuit containing resistance only, the ratio 
and, hence, the power factor, is 1 or 100% (unity). 
If there is reactance only in the circuit (zero re- 
sistance), then the power factor is zero. In cir- 
cuits containing both resistance and reactance 
the power factor lies between these two values. 
As instances, a good condenser should have nearly 
zero power factor, as should a good choke coil. 
Resistors for use in a.c. circuits should, on the 
other hand, have a power factor approaching 
100%. 

Practical Problems 
It is surprising how many practical uses may 

be found for the fundamental information and 
formulas set forth in this chapter. A brief study 
of the equations and explanations with the few 
examples that will now follow will enable you 
to apply Ohm's Law and other electrical relations 
to determining practical things that arise in 
planning, building and operating even the sim- 
plest amateur station equipment. The problems 
which follow will serve as examples of some of the 
different things taken up in this chapter. 

Plate Power Input 
A certain transmitter has an output stage in 

which a single 203-A tube is employed. A high- 
voltage voltmeter is connected across the plate 
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supply circuit and a milliammeter of suitable 
range used in the circuit, so as to measure the cur- 
rent of this tube only. We have seen that P = 
EXl. Therefore, assuming that the meters read 
1125 volts and 125 milliarnperes, the plate input 

125 
power will be 1125X- - =140.6 watts. 

1000 

Resistance ol a Grid Leak 
It is necessary to determine whether a resistor 

has a resistance which would make it suitable 
for a grid leak for a Type 10 transmitter, either 
used separately or in connection with other re- 
sistors of the same type. A 90-volt B-battery and 
a 0-50 ma. scale milliammeter are available. The 
battery is connected to the unknown resistor 
through the meter which is observed to read 10 
milliarnperes. The resistance is next calculated 
from Ohm's Law: ft = P/7.90-^.010 = 9000 ohms. 

Measuring Grid Bias Voltage 
When the grid-leak resistance is known, the 

current through the grid leak measured by a 
milliammeter of suitable range enables us to cal- 
culate the voltage drop across the resistor, which 
is the same as the bias between grid and filament. 
For example, 9000-ohm resistor is used biasing 
a Type 10 tube in the r.f. amplifier stage of a 
small oscillator-amplifier transmitter. A milliam- 
meter connected in series with the resistors reads 
21 milliarnperes. Calculating the voltage drop by 
Ohm's Law iE = RI) we have the bias as 9000 X 
.021, which equals 189 volts (a high value). 

ResisUnce Value for Dropping Plate Voltage 
The transformer output goes to a tube rectifier 

through a filter which has a 70-henry choke in 
one lead. After keying in the negative lead the 
current passes through a 3-henry "keying" 
filter choke to the plates of two Type 10 tubes. 
There is some voltage drop in the rectifier tubes 
and in the resistance of the two choke-coil wind- 
ings. In addition to this, a resistor may be added 
in series with the keying choke winding to drop 
the voltage further so our tube will operate nor- 
mally with about 400 volts d.c. on its plate. The 
proper size of this resistor is quickly found by 
using Ohm's Law. If it is desired to produce a 
drop in voltage of about 100 volts, divide this 
value by the estimated plate current, let us say 
100 ma. or .1 ampere. (R = E/I) 

-y = 1,000 ohms. 

Size Resistor to Handle a Given Current 
In purchasing resistors, be sure they are of 

ample size to dissipate the heat that will be 
produced by the current they will have to carry. 
The power that must be dissipated in heating is 
W = PR (watts). 

1000X1002 = 10 watts, which must be dis- 
sipated by the resistor for dropping the plate 
voltage to two Type 10 tubes. Examining manu- 
facturers' lists, this size can be used, but a 20- 
watt resistor is recommended to give long life and 
keep the maximum temperatures low. It is best 
to allow 40 per cent or 50 jjer cent factor of 
safety, since resistors are usually rated for their 
maximum allowable dissipation mounted in free 
space. Actually, the heat radiation is limited by 
mounting resistors near other apparatus. Heat 
also should be kept away from filter condensers or 
any other apparatus whose life varies inversely 
with temperature. 

Transformer Output Current to Resistance Load 
The transformer is rated at 100 watts (v.a.) 

which means that it will deliver 

Capacities 
A fixed condenser of 250 /jpfd. is connected in 

parallel with two variable air condensers having a 
maximum capacitance of 140 miid. and .0005 
afd., respectively. What is the total capacitance 
obtainable for any adjustment or setting of the 
condensers? First, it is necessary to change the 
ratings to either microfarads or micro-micro- 
farads to get the three units on the same basis 
The answer will be either; 

250+140-1-500 = 890 aafd. (micro-microfarads) 
or 

.00025+.00014+.0005 = .00089 M- (micro- 
farads). 

Assume the three capacities to be connected 
in series. Let us determine the equivalent lumped 
capacity: 

1 = 1 +—+ - = — + -L +_L 
C C, Ci C3 250 140 500 

.004+.00715+.002 - .01315 
C' = 76.1 juMfd. (micro-microfarads). 

Condenser Reactance 
A high-voltage power-supply transformer may, 

under certain conditions, require protection of 
the windings from voltages built up due to leak- 
age of high-frequency currents back through r.f. 
chokes and the filter, or due to r.f. induced in 
power-supply leads located in the field of the 
high-power stage of a transmitter. The same 
circumstances can cause break-down of insulation 
in filament transformers. At any rate it will be 
assumed that we have a 7200-kc. transmitter 
and that it is desired to connect a small condenser 
across the high-voltage winding to bypass cur- 
rent of this radio frequency. Remembering that 
the higher the frequency is, the lower the reactance 
of a cenxdenser, we judge that a small condenser 
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will sufficiently by-pass the radio-frequency 
current, preventing the undesired r.f. voltage 
from building up across our transformer winding 
(or a choke coil, milliammeter or other piece of 
apparatus could be protected similarly). 

Finding a .02-Mfd. mica-insulated transmitting 
condenser available, rated to withstand 2000 
volts, we decide to consider what may happen 
if we connect it across the transformer secondary. 

First of all to see if it will be practical and ac- 
complish the result we want, let's find (a) what 
the reactance of the condenser to the 7200-kc. 
(7,200,000-cycle) voltage which has strayed into 
the circuit will be; and (b) what the reactance 
will be to the 60-cycle source. In the formula the 
units are cycles and farads so we must remember 
to use the proper conversion factors. 

(a)Xc = 1^27r/C 
= 1 ^ 6.28 X 7,200,000 X .02 X10"6 

= 1 6.28X7.2 X.02 
= l/.905 
= 1.105 ohms 

reactance at this frequency. This is an extremely 
low value which will readily by-pass r.f. and 
prevent any harmful voltages building 
up across an inductance. 

diagrams are used in all electrical work because 
they save so much space and time when discussing 
the various circuits. Photographs of apparatus 
show the actual arrangement used but the wiring 
is not as clear as in the schematic diagrams. 
In building most apparatus a schematic diagram 
and a photograph will make everything clear. 
It is suggested that the beginner carefully com- 
pare a few pictures and schematic diagrams if not 
entirely familiar with the latter. 

The symbols used in schematic diagrams 
throughout this book will be easily understood by 
reference to the Fig. below. Most of the diagrams 
shown are plainly labelled or worded so that it is 
only necessary to know the general scheme which 
differentiates coils, condensers, and resistors to 
read the diagram. Reference to the text will help 
in understanding fully what is intended, since 
diagrams and text have been prepared to com- 
plement each other. In general, coils are indicated 
by a few loops of wire, resistances by a jagged line, 
and variable elements in the circuit by arrowheads. 
If a device has an iron core it is usually shown by 
a few parallel lines opposite the loops indicating 
coils or windings. 

SCHEMATIC SYMBOLS USED IN CIRCUIT DIAGRAMS 

(b) A'0 = 1-^-2 ir/C 
= 14-6.28 X 60 X.02X10_< 

= 132,800 ohms 
reactance at 60 cycles. 

Current Throush a Reactance 

The transformer is a small one and so 
we cannot be sure until we figure it out 
whether the secondary current taken 
by the protective condenser and the set 
combined will be likely to overheat the 
transformer or not. The plate trans- 
former we happen to have has a ratio 
of 10:1 and delivers 1100 volts (effective 
value) when run normally. The 60-cycle 
current through the condenser will be: 
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Reading Diagrams — Schematic Symbols 
Schematic diagrams show the dif- 

ferent parts of a circuit in skeleton 
form. Pictures show the apparatus as 
it actually appears in the station or 
laboratory. A little study of the 
used in schematic diagrams will be 

Wires connected 

Wires ensuing but 
not connected 

? 

Fixed 
Condenser L 

T 

-L 
—Afowabie 
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Variable 
Condenser 

Plates 
r* 

Iron Core 
Choke 

Microphone 

symbols 
helpful in 

understanding the circuits that appear in Q.ST 
and in most radio books. The diagrams are easy to 
understand once we have rubbed shoulders with 
some real apparatus and read about it. Schematic 

When you can draw and talk about circuits 
in terms of the various conventional symbols you 
are on what is familiar ground to every amateur 
and experimenter. Then you can meet the dyed- 
in-the-wool expert and understand what he talks 
about. 



Chapter Four 

RADIO FUNDAMENTALS 

A •E/eetnstaiic Fnenju Stored 
/n Condenser 

IN OUR discussion of fundamental 
principles, we have seen how a flow of electrons 
through a wire constitutes an electric current, 
and how this current, under certain conditions, 
gives rise to electric and magnetic effects as 
changes in the current flow take place. In addition 
to the effect which resistance produces in direct 
and alternating current circuits, we have learned 
how an inductance or coil tends to prevent any 
change in the current flowing through it because 
of the existence, around the coil, of a magnetic 
field, which varies in strength with every varia- 
tion in the current flow. We have also seen how 
this field around a coil can link 
with the turns of a second coil, 
so inducing voltages in it — volt- 
ages which vary in accordance 
with the changes in the original 
current flow. Further, we have 
seen how a condenser can he 
charged by an applied voltage 
and how the energy represented 
by this charge can cause a current 
to flow in any conductor which is 
connected across the condenser 
terminals. Lastly, we have 
learned that in an alternating 
current circuit, inductance causes 
the current to lag behind the 
voltage while capacity causes the B-Elect. 
current to lead the voltage. 

Equipped with an under- 
standing of these principles we 
are now ready to study induc- 
tance, capacitance and resistance 
as combined in the circuits of our 
radio transmitters, receivers and 
other equipment. Examination 
of the circuit diagram of almost 
any piece of radio equipment will 
reveal one or more combinations 
of coil and condenser (inductance 
and capacitance) and, hence, 
of inductive reactance and ca- 
pacitive reactance. Let us now consider how they 
work together to form the tuned circuit. 

The Tuned Circuit 
Let us assume that a condenser C and coil L 

are connected as shown in Fig. 401, and that the 
condenser is initially charged as indicated in A, 
one plate having a surplus of electrons and there- 
fore being negative while the other plate, being 
correspondingly deficient in electrons, is positive. 
The instant that the condenser plates are con- 

ooojooo 

Con. 

C - Electramaqnehc Field of Coil Collapses 
Enerqd returned to Condenser, charqinq 
it id reverse of initial polar,Iq. ' 

FIG. 401 — A HALF-CYCLE OF OS' 
CILLATION IN A RESONANT 

CIRCUIT 

nected together through the coil L there will 
start a flow of current as shown by the arrow in B. 
The rate of flow of current will be retarded by the 
inductive reactance of the coil and the discharge 
of the condenser will not be instantaneous even 
though the velocity of flow is constant. As the 
current continues to flow from the condenser into 
the coil, the energy initially stored in the con- 
denser as an electrostatic field will become stored 
in the electromagnetic field of the coil. When 
substantially all the energy in the circuit has 
become stored in tliis field the lines of force 
about the coil begin to collapse, and thus cause 

a continued flow of current 
t- through the circuit, the flow 

being in the same direction as 
the initial current. This again 
charges the condenser hid in 
opposite polarity to the initial 
charge. Then, when all the 
energy again has been stored 
in the condenser, the sequence 
is repeated in the opposite 
direction. The process is one of 
oscillation. During one complete 
cycle the energy is alternately 
stored in the condenser and in 
the coil twice, and there is one 
reversal in the direction of 
current flow. This represents a 
complete cycle of alternating 
current. The process would con- 
tinue indefinitely were there only 
inductance and capacitance in 
the circuit but, as has been 
pointed out in Chapter Three, all 
circuits contain some resistance. 
Therefore during each cycle a 
part of the energy will be dissi- 
pated in the resistance as heat, 
each cycle will be of lesser am- 
plitude than the preceding one 
and the process will finally stop 
because there is no longer energy 

to sustain it. This damping caused by resistance 
is overcome in practical circuits by continuously 
supplying energy to replace that dissipated in 
resistance of one form or another, as will be 
shown later. 

Oscillation Frequency And Resonance 
In such an oscillatory circuit, the larger the coil 

is made the greater will be its inductance and the 
longer will be the time required for the condenser 
to discharge through it. Likewise, the larger the 

xtromoqnet/c Fnerqq Stored In Moqnet'c Field Sweeps Outward. 
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condenser and the greater its capacitance, the 
longer it will take to charge or discharge it. Since 
the velocity of the current flow is substantially 
constant, it is clear that the circuit with the 
larger coil or condenser is going to take a longer 
period of time to go through a complete cycle of 
oscillation than will a circuit where the induc- 
tance and capacitance are small. Putting it 
differently, the number of cycles per second will 

Xi=XC or 2irJL = 
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FIG.405 —CHARACTERISTICS OF SERIES AND PARALLEL 
RESONANT CIRCUITS 

be greater as the inductance and capacitance 
values become smaller. Hence the smaller the coil 
or condenser, or both, in the tuned circuit, the higher 
will be the frequency of oscillation. 

The important practical aspect of all this is 
that in any circuit containing capacitance, 
inductance and not too much resistance, the 
introduction of a pulse of electrical energy will 
cause an alternating current oscillation of a 
frequency determined solely by the values of 
inductance and capacitance; and that for any com- 
bination of inductance and capacitance there is one 
particular frequency of applied voltage at which 
current will flow with the greatest ease. Recalling 
the explanations of inductive reactance and ca- 
pacitive reactance given in Chapter Three, this 
becomes readily understandable. It has been 
shown that the inductive reactance of the coil and 
the capacitive reactance of the condenser are oppo- 
sitely affected with frequency. Inductive react- 
ance increases with frequencj-; capacitive react- 
ance decreases as the frequency increases. In any 
combination of inductance and capacitance, 
therefore, there is one particular frequency for 
which the inductive and capacitive reactances are 
equal and, since these two reactances oppose 
each other, for which the net reactance becomes 
zero, leaving only the resistance of the circuit to 
impede the flow of current. The frequency at 
which this occurs is known as the resonant 
frequency of the circuit and the circuit is said to be 
in resonance at that frequency or tuned to that fre- 
quency. 

In practical terms, since at resonance the in- 
ductive reactance must equal the capacitive 
reactance, then 

In the simple tuned circuit just discussed the 
elements, inductance and capacitance, were 
considered with respect to each other but not in 
combination with other circuit elements as they 
are usually encountered in practical applications. 
In our radio transmitters, and in receivers as well, 
the tuned circuit is invariably associated with a 
source of electrical energy and also is usually 
coupled to still other circuits to which it transfers 
energy. 

All practical tuned circuits can be treated as 
either one of two general types. One is the 
series resonant circuit in which the inductance, 
capacitance, resistance and source of voltage are 
in series with each other. With a constant-voltage 
alternating current applied as shown in A of Fig. 
402 the current flowing through such a circuit will 
be maximum at resonant frequency. The magni- 
tude of the current will be determined by the 
resistance in the circuit. The curves of Fig. 402 
illustrate this, curve a being for minimum resist- 
ance and curves h and c being for greater 
resistances. 

The second general case is the parallel resonant 
circuit illustrated in R of Fig. 402. This also con- 
tains inductance, capacitance and resistance in 
series, but the voltage is applied in parallel with 
the combination instead of in series with it as in 
A. Here we are not primarily interested in the 
current flowing through the circuit but in its 
characteristics as viewed from its terminals, 
especially in the parallel impedance it offers. The 
variation of parallel impedance of a parallel 
resonant circuit with frequency is illustrated by 
the same curves of Fig. 402 that show the varia- 
tion in current with frequency for the series 
resonant circuit. The parallel impedance is maxi- 
mum at resonance and increases with decreasing 
series resistance. Although both series and paral- 
lel resonant circuits are generally used in radio 
work, the parallel resonant circuit is most fre- 
quently found, as inspection of the diagrams of 
the equipment described in subsequent chapters 
will show. 

High parallel impedance is generally desirable 
in the parallel resonant circuit and low series 
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impedance is to be sought in series resonant cir- 
cuits. Hence low series resistance is desirable in 
both cases. Al frequencies other than resonance 
frequency, the series resonant circuit has capacitive 
reactance for frequencies below resonance arid 
inductive reactance for frequencies above resonance 
frequency, while the parallel resonant circuit offers 
inductive reactance al frequencies below- resonance 
and capacitive reactance for frequencies above 
resonance. 

It is to be noted that the curves become 
"flatter" for frequencies near resonance fre- 
quency as the resistance is increased, but are 
of the same shape for all resistances at frequencies 
further removed from resonance frequency. 
The relative sharpness of the resonance curve 
near resonance frequency is a measure of the 
sharpness of tuning or selectivity (ability to dis- 
criminate between voltages of different fre- 
quencies) in such circuits. This is an important 
consideration in tuned circuits used for radio 
work. Since the effective resistance is practically 
all in the coil, the condenser resistance being 
negligible, the efficiency of the coil is the impor- 
tant thing determining the "goodness" of a tuned 
circuit. A useful measure of coil efficiency, and 
hence of tuned circuit selectivity, is the ratio of 
the coil's reactance to its effective resistance. 
This ratio will be recognized as an approximation 
of the reciprocal of the circuit property of power 
factor discussed in Chapter Three, and is desig- 
nated by Q. 

2irfL 

li 
Q = - 

A Q of 100 would be considered high for coils 
used at the lower amateur frequencies, while the 
Q of coils for still lower frequencies may run into 
the hundreds. 

Coupled Circuits 
Resonant circuits are not found in an isolated 

state in very many instances but are usually 
associated with other resonant circuits or are 
coupled to other circuits. It is by such coupling that 
energy is transferred from one circuit to another. 
Such coupling may be direct, as shown in A, B 
and C of Fig. 403, utilizing as the common coupl- 
ing element, capacitance (A), resistance (B) or in- 
ductance (C). These three types of coupling 
are known as direct capacitive, direct resistive or 
direct inductive, respectively. Current circulating 
in the LiC'i branch flows through the common 
element (C, R or L) and the voltage developed 
across this element causes current flow in the 
CjLj branch. Other types of coupling are the 
indirect capacitive and magnetic or inductive shown 
below the others. The coupling most common in 
high-frequency circuits is of the latter type. In 
such an arrangement the coupling value may be 
changed by changing the number of active turns 
in either coil or by changing the relative position 

of the coils (distance or angle between them). The 
arrangement then performs in a manner similar 
to the transformer described in the previous 
chapter. 

All of the above coupling schemes may be 
classified as either tight or loose. Coupling can- 
not, however, be measured simply in "inches" 
separation of coils. The separation between the 
coils (distance and angle between axes) and the 
inductance in each determine the coefficient of 
coupling. Many turns in two coils very close 
together give us tight coupling and a big transfer 
of power. Few turns at right angles or far apart 
give us loose coupling with little actual energy 
transfer. "Tight" coupling is not necessarily the 
best coupling, it should be kept in mind. Too- 
tight coupling will give a double-humped reso- 
nance effect and should be avoided. 

Radio Frequency Resistance — Skin Effect 
The effective resistance of conductors at radio 

frequencies may be hundreds of times the 
"ohmic" resistance of the same conductors as it 
would be measured for direct current or low 
frequency alternating current. This is largely due 
to the skin effect, so called because the current 
tends to concentrate on the outside of the con- 
ductor, leaving the inner portion carrying little 
or no current. It is for this reason that hollow- 
copper tubing is widely used in the coils and con- 
nections of high-frequency circuits. However, the 
current may not be distributed uniformly over the 
surface. With flat conductors the current tends to 
concentrate at the edges and with square con- 
ductors it tends to concentrate at the corners. 
Hence the popularity of round copper tubing in 
radio transmitters. In addition to the skin effect, 
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FIG. 403 — COMMON TYPES OF COUPLED CIRCUITS 

dielectric losses due to insulators and resistance 
losses in other conductors in the field of the 
conductor contribute to its effective resistance. 
The effective resistance is measured as the power 
in the circuit divided by the square, of the maximum 
effective radio-frequency current. 

Circuite with Distributed Constants — The Antenna 
In addition to resonant circuits containing 

lumped capacitance and inductance, there are 
important tuned circuits in which no condensers 
and coils are to be found. Such circuits utilize the 
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distributed capacitance and inductance that are 
inevitable even in a circuit consisting of a single 
straight conductor. Our transmitting and receiv- 
ing antennas are such circuits and depend on 
their distributed capacitance and inductance for 
tuning. A peculiarity of such a "linear" circuit 
is that when it is excited at its resonant frequency 
the current or voltage, as measured throughout 
its length, will have different values at different 
points. For instance, if the wire happens to be one 
in "free space" with both ends open circuited 
(in other words, a Hertz antenna), when it is 
excited at its resonant frequency the current will 
be maximum at the center and zero at the ends. On 
the other hand, the voltage will be maximum at the 
e/ids and zero at the center. The explanation of this 
is that the traveling waves on the wire are re- 
flected when they reach an end. Succeeding 
waves traveling toward the same end of the wire 
(the incident waves) meet the returning waves 
{reflected waves) and the consequence of this 
meeting is that currents add up at the center and 
voltages cancel at the center; while voltages add 
up at the ends and currents cancel at the ends. 
A continuous succession of such incident and 
reflected waves therefore gives the effect of a 
standing wave in the circuit. 

Frequency and Wavelength — 
Harmonic Operation 

Instead of specifying the properties of a linear 
circuit such as the antenna in terms of inductance 
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and capacitance it is customary to do so simply 
in terms of length. This is possible because the 
length of such a circuit will be inversely propor- 
tional to its resonant frequency, since the velocity 
of the waves is practically identical for conduc- 
tors of various materials, lengths and diameters. 
This velocity is given as three hundred million 
meters per second, corresponding to 186,000 
miles per second. The wavelength is equal to the 
velocity divided by the frequency, and is usually 
expressed in meters and designated by the Greek 
letter X. In practical terms, 

, 300,000 

A.. ' 
where /kc. is the frequency in kilocycles. 

The length of an antenna is specified in terms 
of the wavelength corresponding to the lowest 
frequency at which it will be resonant. This is 
known as its fundamental frequency or wave- 
length. As will be shown in the chapter on An- 
tennas, this length is (very nearly) a half-wave- 
length for an ungrounded (Hertz) antenna and a 
quarter-wavelength for a grounded (Marconi i 
antenna. Therefore it is common to describe 
antennas as half-wave, quarter-wave, etc., for a 
certain frequency ("half-wave 7000-kc. an- 
tenna," for instance). 

Although a coil-condenser combination having 
lumped constants (capacitance and inductance) 
resonates at only one frequency, linear circuits 
such as antennas containing distributed con- 
stants resonate readily at frequencies which are 
integral multiples of the fundamental frequency 
(or wavelengths that are integral fractions of the 
fundamental wavelength). These frequencies are 
therefore in harmonic relationship to the funda- 
men tal frequency and, hence, are referred to as har- 
monics. In radio practice the fundamental itself is 
called the fust harmonic, the frequency twice the 
fundamental is called the second harmonic, and so 
on. For example, a Hertz antenna having a funda- 
mental of 1790 kc. (in the amateur 1750-kc. band) 
also will oscillate at the following harmonic fre- 
quencies: 3580 kc. (2nd), 5370 kc. (3rd), 7160 kc. 
(4th), 8950 kc. (5th), 10,740 kc. (6th), 12,530 kc. 
(7th) and 14,320 kc. (8th). Hence the one an- 
tenna can be used for four amateur bands, 
resonating at its first, second, fourth and eighth 
harmonics. A "free" antenna (Hertz) may be 
operated at the fundamental or any harmonic 
frequency, odd or even; a grounded (Marconi) 
type only at its fundamental or harmonics that 
are odd multiples of the fundamental frequency. 

Fig. 404 illustrates the distribution of the stand- 
ing waves on a Hertz antenna for its fundamental, 
second and third harmonics. There is one point of 
maximum current with fundamental operation, 
there are two when operation is at the second 
harmonic and three at the third harmonic; the 
number of current maxima corresponds to the 
order of the harmonic and the number of standing 
waves on the wire. As noted in the figure, the 
points of maximum current are called anti-nodes 
(also known as "loops") and the points of zero 
current are called nodes. 

Because the velocity of the waves on the con- 
ductor (antenna) is essentially the same as that 
for the radio waves in space, wavelength is used 
interchangeably with frequency in describing not 
only antennas but also for tuned circuits, com- 
plete transmitters, receivers, etc. Thus the terms 
"high-frequency receiver" and "short-wave 
receiver", or "75-meter fundamental antenna" 
and "4()00-kilocycle fundamental antenna" are 
synonymous. A chart showing the relationship 
between frequencies and wavelengths, includifig 
those of the amateur bands, is given in the Appen- 
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dix. The resonance equation of a tuned circuit, 
previously given for frequency, is expressed in 
terms of wavelength as follows; 

X = 1. r,i, 
where 

X is the wavelength in meters 
Z-ph is the inductance in microhenries 
Cppfd is the capacitance in micromicrofarads. 

Radiation By Antennas 

So far we have discussed the antenna with re- 
spect to its ability to perform as a resonant cir- 
cuit. We now come to the practical use that is 
made of the energy that oscillates in the antenna. 
It will be remembered that in the preceding chap- 
ter it was shown that current flow in a conductor 
was accompanied by a magnetic field about the 
conductor; and that with an alternating current 
the energy was alternately stored in the field in 
the form of lines of magnetic force and returned 
to the wire. Now this is quite true when the alter- 
nating current is of low frequency, such as the 
60-cycle kind commonly used. But when the fre- 
quency becomes higher than 15,000 cycles or so 
(radio frequency) all the energy stored in the field 
is not returned to the conductor but some escapes 
in the form of electro-magnetic waves. In other 
words, en erg}' is radiated. This we know. Just 
how radiation occurs is not clearly understood 
at the present time. But we know enough for 
practical purposes about what happens in the 
antenna and about how the waves behave after 
leaving the antenna. 

Some radiation will occur with any conductor 
that has high-frequency current flowing in it 
but the radiation is greatest when the antenna is 
resonant to the frequency of the current. If the 
antenna is essentially "in free space" (isolated 
from other wires, pipes, trees, etc., that might 
absorb energy from it), nearly all the energy put 
into it will be radiated as radio waves. As was 
seen in the paragraph on "Radio-Frequency 
Resistance," the radio-frequency resistance is equal 
to the actual power in the circuit divided hy the 
square of the maximum current. Energy radiated 
by an antenna is equivalent to energy dissipated 
in a resistor. The value of this equivalent re- 
sistance is known as radiation resistance. Its 
average value for a Hertz (ungrounded; antenna 
operating at its fundamental frequency is ap- 
proximately 70 ohms; and for a Marconi 
(grounded) antenna operating at its fundamental 
is about half this value, or 35 ohms. Since it is 
impossible to measure radio-frequency power 
directly with ordinary instruments, the approxi- 
mate value of the power in an antenna can be 
computed by multiplying its assumed radiation 
resistance by the square of the maximum current 
(the current at the center of a fundamental 
Hertz antenna). 

Antenna power (watts)**Radiation resistance 
(ohms) XCnrrent Squared (Amperes1) 

The antenna must, of course, be coupled to the 
transmitting equipment that generates the radio- 
frequency power. Practical methods of doing this 
are described in Chapter Twelve, together with 
details of the antenna systems most useful in 
amateur transmission. 

The receiving antenna is the reciprocal of the 
transmitting antenna in operation. Whereas 
radio-frequency current in the transmitting an- 
tenna causes the radiation of electro-magnetic 
waves, the receiving antenna intercepts such 
waves and has a voltage induced in it. This volt- 
age causes a flow of radio-frequency current of 
identical frequency to the radio receiver and 
through its tuned circuits. Generation of radio- 
frequency power by the transmitter and recep- 
tion of radio-frequency waves will now be dis- 
cussed further. 

The Vacuum Tube — Rectification 
The most universally used device in radio 

communication is the vacuum tube. It works to 
change alternating to direct current in our power 
supplies, to amplify sound from a whispgr to a 
roar, to generate the radio-frequency power used 
in transmission and to amplify and detect weak 
radio waves in our receiver. Vacuum tubes appear 
in many sizes and in a variety of structures. But 
all operate on the same principle. Most commonly, 
the vacuum tube has a glass bulb from which 
practically all air and other gas has been re- 
moved, and within which there are two or more 
elements, ranging from a filament (cathode) and 
plate on up to these two in combination with 
three, four and even more elements. 

The simplest type of vacuum tube is that shown 
to illustrate electronic conduction in Chapter 
Three. It has but two elements, cathode and 
plate, and is therefore called a diode. As was ex- 
plained, the hot cathode emits electrons which 
flow from cathode to plate within the tube when 
the. plate is positive with respect to the cathode. The 
t ube is a conductor in one direction only. If there 
should be a battery connected with its negative, 
terminal to cathode and positive to plate, this 
flow of electrons would be continuous. But if a 
source of alternating current is connected be- 
tween the cathode and plate, then electrons will 
flow only on the positive half-cycles of alter- 
nating voltage. There will be no electron flow, and 
hence no current flow, during the half cycle when 
the plate is negative. Thus the tube can be used 
as a rectifier, to change alternating current to 
pulsating direct current. This alternating current 
can be anything from the 60-cycle kind to the 
highest radio frequencies, making it possible to 
use the diode as a rectifier in power supplies 
furnishing direct current for our transmitters and 
receivers, as described in Chapter Ten, or even to 
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use it as a rectifier (detector) of radio-frequency 
current in receivers. 

How VdcuumTubes Amplify — TubeCharacteristics 
If a third element, called the control grid or 

simply the grid, is inserted between the cathode 
and plate of the diode, the tube becomes a triode 
(three-element tribe) and acquires utility for 
more things than rectification. This grid is usu- 
ally in the form of an open spiral or mesh of fine 
wire. With the grid connected externally to the 
cathode and with a steady voltage from a d.c. 
supply applied between the cathode and plate 
(the positive of the plate or "B" supply is always 
connected to the plate), there will be a constant 
flow of electrons from cathode to plate, through 
the openings of the grid, much as in the diode. 
But if a source of variable voltage is connected 
between the grid and cathode there will be a 
variation in the flow of electrons from cathode to 
plate (a variation in plate current) as the voltage 
on the grid changes about a mean value. When the 
grid is made less negative with respect to the 
cathode there will be an increase in plate current ; 
when the grid is made more negative with respect 
to the cathode there will be a decrease in plate 
current. This occurs because the electron flow to 
the plate is encouraged when the grid swings posi- 
tive, while electrons leaving the cathode are re- 
pelled from traveling to the plate when the grid 
swings negative. The important thing about this 
is that when a resistance or impedance is con- 
nected in the plate circuit, the variation in plate 
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current will cause a variation in voltage across 
this load that will be a magnified version of the 
variation in grid voltage. In other words there is 
amplification and the tube is an amplifier. 

The measure of the amphfication of which a 
tube is capable is known as its amplification fac- 
tor, designated by m (mu), an important lube 
characteristic. Another important characteristic 
involving plate current change caused by grid 
voltage change over a very small range is a tube's 
mutual conductance, designated by gm and ex- 
pressed either in milliamperes plate current 
change per volt grid voltage change (ma. per 
volt), or as the current to voltage ratio in mhos 
(inverse of obmsi. Since the plate current changes 

involved are often very small, the mutual con- 
ductance is also expressed in micro mhos, the ratio 
of amperes plate current change to volts grid 
voltage change, multiplied by one million. Still 
another important characteristic used in describ- 
ing the properties of a tube is the plate resistance, 
designated rp. This is the ratio of a small plate 
voltage change to the plate current change it 
effects. It is expressed in ohms. These tube char- 
acteristics are inter-related and are different with 
tubes of different types, being dependent pri- 
marily on the tube structure (spacing between 
elements, spacing and size of wires in grid, etc.). 

Amplifier Operation 

The operation of a vacuum tube amplifier is 
graphically represented in Fig. 405. The sloping 
line represents the variation in plate current ob- 
tained at a constant plate voltage with grid 
voltages from a value sufficiently negative to 
reduce the plate current to zero to a value slightly 
positive. It should be kept in mind that grid 
voltage is with reference to the cathode of fila- 
ment. This is known as the static grid-voltage plate- 
current characteristic. Notable things about this 
curve are (hat it is essentially a straight line (is 
linear) over the middle section and that it bends 
towards the bottom (near cut off) and near the 
top {saturation). In other words, the variation in 
plate current is directly proportional to the varia- 
tion in grid voltage over the region between the 
two bends. With a fixed grid voltage (bias) of 
proper value the plate current can be set at any 
value in the range of the curve. 

With negative grid bias as shown in Fig. 405 
this point (the operating point) comes in the 
middle of the linear region. If an alternating 
voltage (signal) is now applied to the grid in 
series with the grid bias, the grid voltage swings 
more and less negative about the mean bias volt- 
age value and the plate current swings positive 
and negative about the mean plate current value. 
This is equivalent to an alternating current 
superimposed on the steady plate current. With 
this operating point it is evident that the plate 
current wave shapes are identical reproductions 
of the grid voltage wave shapes and will remain so 
as long as the grid voltage amplitude does not 
reach values sufficient to run into the lower- or 
upper-bend regions of the curve. If this occurs the 
output waves will be flattened or be distorted. If 
the operating point is set towards the bottom or 
towards the top of the curve there will also be 
distortion of the output wave shapes because part 
or all of the lower or upper half-cycles will be cut 
off. This kind of distortion may be undesirable 
or desirable, as will be shown later. 

The major uses of vacuum tube amplifiers in 
radio work are to amplify at audio frequencies 
(approximately 100 to 10,000 cycles per second) 
and to amplify at radio frequencies (up to 60,000 
kc. or higher). The audio-frequency amplifier is 
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generally used to amplify without discrimination 
at all frequencies in a considerable range (say 
from 100 to 3000 cycles for voice communication), 
and is therefore associated with non-resonant or 
untuned circuits. The radio-frequency amplifier, 
on the other hand, is generally used to amplify 
selectively at a single radio frequency, or over a 
small band of frequencies at most, and is there- 
fore associated with resonant circuits tunable to 
the desired frequency. 

The circuit arrangement of a typical audio- 
frequency amplifier using a triode is shown at A 
in Fig. 406. The alternating grid voltage is applied 
through the transformer T, to the grid circuit, 
in series with the grid bias furnished by a battery. 
The alternating current component in the plate 
circuit induces an alternating voltage in the 
secondary of the output transformer To. This 
output might go on to another similar audio am- 
plifier for further amplification. In lieu of the 
output transformer, a pair of 'phones could be 
connected in place of the primary in the plate 
circuit, in which case the alternating component 
in the plate current would be reproduced im- 
mediately as sound. 

In B of Fig. 406 is shown the circuit arrange- 
ment of an amplifier for radio frequencies. In this 
case the tube is of the screen-grid type, the extra 
element being placed between the control grid 
and plate to prevent the feed-back and oscilla- 
tion that will be discussed in the next section. Its 
operation, however, is similar to that shown in 
Fig. 405. The input and output circuits in this case 
are resonant circuits, tuned to the radio fre- 
quency that is to be amplified. The grid bias, in- 
stead of being furnished by a separate battery, is 
furnished by the voltage drop across the cathode 
resistor resulting from the steady plate current 
flowing through the plate circuit (which includes 
the "B" supply). Since this flow of current is 
from plate to cathode in the external circuit, the 
supply side of the cathode resistor will be nega- 
tive with respect to the cathode and thus apply 
negative bias to the grid. Methods of obtaining 
grid bias are explained further in Chapter Five. 

Generating Radio Frequency Power — Oscillators 
Because of its ability to amplify, the vacuum 

tube can oscillate or generate alternating current 
power. To make it do this, it Ls only necessary to 
couple the plate (output) circuit to the grid (in- 
put) circuit so that the alternating voltage sup- 
plied to the grid of the tube is opposite in phase 
to the voltage on the plate. Typical circuits for 
this condition are shown in Fig. 407. In A the feed- 
back coupling between the grid and plate cir- 
cuits is inductive (by means of coils), while in B 
the coupling is capacitive (through a condenser). 
In the circuit of A the frequency of oscillation 
will be very nearly the resonant frequency of the 
tuned circuit LiCi, while in B the frequency of 
oscillation will be determined jointly by LiCi and 
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LzC'i. To insure the proper phase relationship 
between plate and grid voltage, with the induc- 
tive feed-back of A the grid and plate should be 
connected to the opposite ends of the plate and 
grid coils when these coils are wound in the same 
direction; while in the arrangement of B the 
plate circuit should be tuned to a slightly higher 
resonant frequency than the grid circuit. (Plate 
circuit reactance inductive with respect to the 
grid circuit.) At the high radio frequencies used 
in amateur work the inherent plate-grid capaci- 
tance of the usual triode tube is sufficient for 
feed-hack in the tuned-grid timed-plate type 
circuit of B and the feed-back condenser shown 
connected between grid and plate is not necessary. 

There are many other arrangements of oscilla- 
tor circuits but all utilize either the inductive or 
capacitive feed-back typified in the two shown 
here. Several of these other types are treated in 
Chapter Seven. A special type of oscillator of 
exceptional frequency stability that is becoming 
increasingly popular is the piezo-electric or 
crystal-controlled type. Most commonly it re- 
sembles the tuned-grid tuned-plate circuit of B 
with the exception that the tuned grid circuit is 
replaced by a plate of quartz crystal mounted 
between metal electrodes. This crystal acts like 
a tuned circuit, its electrical equivalent being 
that shown at B of Fig. 408. As shown, it consists 
of a very high inductance (L) in series with a very 
small capacitance (C) and resistance (R). The 
shunt capacitance C'i is that of the electrodes 
between which the crystal is mounted, with the 
quartz as the dielectric. Its exceptional stability 
is attributable to its high ratio of inductive 
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reactance to resistance; in other words, to its high 
Q. This property also makes the crystal useful as 
a very selective tuned circuit or filter for radio 
reception, as it is used in the Single-Signal re- 
ceivers outlined in Chapter Five. Power type 
oscillators and amplifiers are used in combina- 
tion in radio transmitters, both for radioteleg- 
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raphy and radiotelephony, and later chapters 
will describe practical aspects of these appli- 
cations. 

Modulation 

In addition to generating radio-frequency 
energy in the transmitter and radiating it from 
the antenna, it is necessary to do something to 
utilize this energy for communication of intelli- 
gence. This is accomplished by modulating the 
transmitter's output either to form the dots and 
dashes of the telegraph code (by keying) or by 
varying the amplitude of the radio-frequency 
current to conform with the variations in inten- 
sity of the voice. Radio-frequency currents 
modulated by these two methods are represented 
in Fig. 409, a wave modulated for telegraphy by 
keying the transmitter's output into dot and dash 
form being shown in A, and one modulated with 
a sine-wave of audio-frequency current being 
shown in B. The outline of the modulation is 
referred to as the envelope and it is to this that 
the useful output of the receiver must conform. 
Detailed descriptions of modulation methods for 
both telegraphy and telephony are given in 
later chapters. 

Detection of Radio Signals 
After the modulated radio-frequency current 

has made its way into the receiver and perhaps 
through one or more radio-frequency amplifiers, 
it must be demodulated or detected to bring out the 

useful modulation envelope just described. To do 
this it is necessary to rectify the radio-frequency 
current. This might be done with the simple 
diode, as mentioned previously. However, the 
triode is more commonly used in amateur re- 
ceivers because it gives much greater output in 
proportion to its radio-frequency input (is more 
sensitive) than the diode. Triode detectors are of 
two types, one giving what is known as plate 
detection and the other what is known as grid 
detection. 

The circuit arrangement of a typical plate de- 
tector is shown in A of Fig. 410 and its operating 
characteristics are illustrated in A of Fig. 411. 
The circuit LiCi is tuned to resonance with the 
radio frequency and the voltage developed across 
it is applied between the grid and cathode, in 
series with the grid bias battery. A telephone 
headset (or the primary of a transformer feeding 
an audio amplifier) is connected in the plate 
circuit, a small fixed condenser C being connected 
across the plate load circuit to by-pass radio 
frequency. As shown in A of Fig. 411, the nega- 
tive grid bias voltage is such that the operating 
point is in the lower-bend region of the curve, near 
cut-off. Hence only the positive half-cycles of the 
signal voltage are completely effective in causing 
plate current change. With a modulated signal as 
shown there will be a variation in plate current 
conforming to the average value of the positive 
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half-cycles of radio frequency. This variation 
corresponds to the envelope, representing an 
audio-frequency current superimpose*! on the 
steady plate current of the tube, and constitutes 
the useful audio output of the detector. When 
this pulsating current flows through the 'phones 
their diaphragms vibrate in accordance with it to 
give a reproduction of the modulation put on the 
signal at the transmitter. This type of detection 
is called plate detection because the rectification 
takes place in the plate circuit after radio-fre- 
quency amplification from grid to plate. 

The circuit arrangement of a triode used as a 
grid detector (also called grid leak detector) is shown 
in B of Fig. 410. Here again we have an input 
circuit tuned to the frequency of the radio wave 
and connected so that the r.f. voltage developed 
across it is applied between the grid and cathode. 
However, there is no fixed negative grid bias, as in 
the case of the plate detector, but instead a small 
fixed condenser {grid condenser) and resistor of 
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high value {grid leak) in parallel are connected 
between tuned circuit and grid. The plate circuit 
connections are the same as for the plate detector. 

As shown in B of Fig. 411, the operating point is 
near the upper bend of the curve because the 
grid bias is near zero when there is no signal on 
the grid. A modulated radio-frequency voltage 
applied to the grid swings it alternately positive 
and negative about the operating point. The grid 
attracts electrons from the cathode, the conse- 
quent grid current increasing more during the 
positive half cycles than it decreases during the 
negative half cycles of grid swing. Hence there is 
a rectified grid current flow at modulation fre- 
quency whose average value develops a voltage 
across the grid leak. This audio-frequency varia- 
tion in voltage across the grid leak causes cor- 
responding variations in plate current which are 
reproduced in the 'phones. In contrast to plate 
detection, with grid detection the rectification 
takes place in the grid circuit and there is audio- 
frequency amplification to the plate circuit. Grid 
detection is generally used in amateur receivers of 
limited r.f. amplification because grid detectors 
are capable of greater sensitivity for small signals 
than plate detectors using similar tubes. Plate 
detection is more commonly used where detector 
sensitivity is of minor importance. 

Resenerative Detectors 
With both the grid and plate detectors just 

described it will be noted that a condenser is con- 
nected across the plate load circuit to bypass 
radio-frequency components in the output. 
This radio-frequency can be fed back into the grid 
circuit, as shown in C of Fig. 410, and re-amplified 
a number of times. This regeneration gives a tre- 
mendous increase in detector sensitivity and is 
used in most amateur receivers. If the regenera- 
tion is sufficiently great the circuit will break into 
oscillation, which would be expected since the cir- 
cuit arrangement is almost identical with that of 
the oscillator shown in Fig. 407-A. Therefore a 
control is necessarv so that the detector can be 
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operated either regenerating to give tremendous 
amplification without oscillation, or to oscillate 
and regenerate simultaneously. Methods of 
controlling regeneration are given in Chapter 
Five. 

Heterodyne or Beat-Note Reception 
In discussing the detection of signals it has been 

pointed out that the detector output is a replica 
of the modulation applied at the transmitter. In 
the case of radiotelephony this modulation is at 
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FIG. 410 —DETECTOR CIRCUITS OF THREE TYPES 
A — Plate detection; B — Grid detection; C — Regenera- 

tive grid detection. 

audio frequency and the methods of detection 
that have been described will reproduce it satis- 
factorily. But in the case of c.w. radiotelegraphy 
the variations in detector plate current, while they 
correspond with the dots and dashes of the code, 
will not cause an audio-frequency tone in the 
'phones unless they are actually modulated with 
a tone of audible frequency. The most satisfac- 
tory method of giving this tone to c.w. signals is 
by heterodyne action, a form of modulation. The 
idea is illustrated in Fig. 412. When two alternat- 
ing voltages of different frequencies are simul- 
taneously applied to a detector, there appear in 
the detector output circuit current variations of 
both the original frequencies, of their sum fre- 
quency and of their difference frequency. This 
difference frequency Ls the beat note, and if the 
difference between the two original frequencies is 
an audio frequency, the beat note will be of audio 
frequency. One of the original frequencies is, of 
course, that of the radio signal. The other is that 
of a local oscillator. This local oscillator may be 
separate from the detector or a separate hetero- 
dyne. In most cases, however, the detector itself 
also serves as the local oscillator to give the beat 
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note. When so used, such a detector is known as 
an autodyne. A regenerative detector circuit like 
that shown in Fig. 410-C, with the regeneration 
adjusted so that the detector oscillates, is com- 
monly used for amateur c.w. reception. 
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Superheterodyne Reception 
As was mentioned in the section on series and 

parallel resonance, the selectivity of tuned cir- 
cuits is relatively poor at even the lower amateur 
frequencies. At the higher amateur frequencies 
it becomes worse. Therefore it is impracticable to 
obtain really high selectivity in tuned amplifiers 
resonant to frequencies in the amateur bands. 
On the other hand, both higher selectivity and 
greater amplifications per stage can be obtained 
in radio-frequency amplifiers operating at inter- 
mediate frequencies of 500-kc. or so. Such ampli- 
fiers can be utilized for amateur reception by 
converting the amateur frequency signals to the 
lower intermediate frequency. This also is possible 
by the heterodyne method. 

Both the incoming signal and the local oscilla- 
tor signal are introduced in a detector, with the 
local oscillator frequency either intermediate 
frequency higher or lower than the signal fre- 
quency. Since the difference between the two 
frequencies is quite great in this case, it is advis- 
able to use a separate oscillator rather than to use 
the detector as an autodyne. The output of the 
detector is coupled to the i.f. amplifier stages by 
a radio-frequency transformer tuned to the 
intermediate frequency, thus selecting the 
difference frequency component in the detector 
output and eliminating the other components. 

After amplification in the intermediate-frequency 
(i.f.) stages, the signal is detected in normal 
fashion by the second detector. If the incoming 
signal is modulated at audio frequency, the inter- 
mediate-frequency signal will be identically 
modulated and the audio-frequency output of 
the second detector will be normal. For c.w. recep- 
tion it will be necessary to use a second hetero- 
dyne oscillator at the second detector or to operate 
this detector as an autodyne, as with the detector 
in the usual amateur receiver. A receiver operat- 
ing in this fashion is a superheterodyne. Several 
types of modern superheterodyne receivers es- 
pecially designed for high-frequency work are 
shown in Chapter Five. 

Generation of Harmonic Frequencies 

Distortion in vacuum tube amplifiers causes 
harmonics and we often purposely adjust vac- 
uum tube circuits to give us maximum distortion 
when we desire output at a frequency that is a 
harmonic of the exciting frequency. High input 
voltage amplitude or grid swing and high nega- 
tive bias are favorable for the production of 
harmonics. Because of curvature in the plate- 
current plate-voltage characteristic curves and 
because there is a different plate-voltage plate- 
current (static characteristic) for each value of 
impressed grid voltage, the current wave-form in 
the plate circuit becomes distorted, resulting in 
the generation of harmonic frequencies. A low 
plate-load (external) resistance or impedance will 
emphasize such distortion. Even with a high grid 
bias, large inputs to the grid circuit will also cause 
the grid to become positive during part of the 
input cycle, causing grid current to flow, thus 
decreasing the grid-filament resistance of the tube. 
This results in an uneven load and produces 
further distortion and harmonics. The way in 
which distortion in the output wave-form intro- 
duces a harmonic impulse or component is indi- 
cated in Fig. 413. 

noo I 
A 

r/M£ 

U 

mm 

Tine 

u y ii u y u ii il ii u 

TIME 

'A sooo sec 

LOCAL OSCLLLATOA 
nuovewTfoo.ooocycittf^ 

IHCOHINQ JtONAL FREQotMCy 1,203,000 

soooevde/f^ 
aL.dK> beat note inphonei 
 (in addition to 

sevcrai ether com- 
ponent beat fro. 
quencies which ere 
the 'sum end dif- 
ference^ etc. 

FIG. 412 — ILLUSTRATING HETERODYNE ACTION 



RADIO FUNDAMENTALS 41 

Harmonics cannot be generated at frequencies 
below the fundamental but always occur at higher 
frequencies. When we pick up a radio signal 
with the receiver tuned to half the frequency of 
the transmitting station it is because our oscillat- 
ing detector generates a harmonic in the receiver. 
In this case the harmonic is beating with the 
fundamental frequency of the transmitter. 

By properly biasing tubes and tuning the out- 
put circuit to a desired harmonic frequency, a 
vacuum tube may be operated as a frequency 
doubler or frequency tripler, etc. 

How Radio Waves Travel in Space — Fading and 
Skip Distance 

No discussion of amateur radio or of high- 
frequency phenomena can be complete without 
something about the commonly accepted theory 
advanced in explanation of the things that have 
been observed in connection with high-frequency 
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transmission. It appears that just as light waves 
can be reflected and refracted so it is with radio 
waves. The behavior of radio waves is harder to 
understand because these waves are not visible or 
audible except by artificial means of detection. 
The frequency spectrum used for radio com- 
munication is a wide one and the determination 
of what happens is further complicated by the 
continuous variations taking place in the medium 
traversed by the radio waves. The bending or 
refraction of radio waves in the upper atmosphere 
is attributed to the presence of free electrons 
resulting from ionization of the earth's upper 
atmosphere, principally by radiation from the 
sun. The ionization passes through a daily and 
seasonal variation depending on sunlight and 
changes in the sun's radiation. 

Changing reflecting and refracting properties of 
the Kennelly-Heaviside layer, so named for the 
two men who independently and almost simul- 
taneously proposed the existence of an ionized 
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The vertical and near-vertical rays penetrate the ionized 
layer and wander away. When one reaches the "limiting 
angle" the ray just does gat bent enough to be kept from wan- 
dering away, but it continues to graze the layer and Is after all 
worthiest. Below this angle we have progressive reflection (or 
refraction) and the ray returns to earth. As the angle of departure 
from the transmitter is chosen flatter the energy strikes $0 far away 
at to miss the earth, possibly going out to the ionized layer 
again, and perhaps even being reflected down a second time If 
it has energy enough left. 

region in the upper atmosphere, are presumed 
to account for the rapid variation in the intensity 
of received signals that is called fading. 

Fig. 414 explains what is commonly referred to 
as the skip distance, that distance which sig- 
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PERFORMANCE OF DIFFERENT WAVELENGTHS AT 

DIFFERENT DISTANCES 
The received signal It assumed to have a field-strength of 10 

microvolts per meter at the receiving point. The transmitter is 
assumed to have 5000 watts in the antenna. The chart it ex- 
plained at follows. To the left of the line marked "limit of ground 
wave" it should be possible to receive at all times. After that, one 
must pick a pair of curves of the same sort (that is for the tame 
lime) and if the distance is between the curves one should hear the 
signal. Thus, a 30-meter wave should be reliable at all limes to 70 
miles for the conditions mentioned. From there to 400 miles its 
daylight performance will probably be uncertain while from 400 
on It will gradually die down until at 4600 it will again be below 
10 microvolts per meter. There are, of course, numerous ex- 
ceptions where one does hear it when it should be absent. The 
curves are mainly from data by A. H. Taylor. 
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nals skip over. The signal decreases in intensity 
as we leave the transmitter due to spreading out 
and to energy absorption. It finally drops below 
a useful value, remaining out until we reach a 
great distance from the transmitter, after which 
it unexpectedly gets strong again, gradually drop- 
ping in intensity at still greater distances. The 
skip distance at night is much greater than in 
the daytime. It gradually increases up to about 
midnight. The skip distance also is known to 
be greater in winter than in summer which seems 
reasonable because the ionization should be less 
then, due to shorter periods of sunlight. It can be 
seen readily from the charts that the skip distance 
is very definitely influenced by the transmitted 
frequency. 

Fading is usually less violent over long dis- 
tances because the waves can arrive by many 
routes, thus averaging conditions and giving a 
fair signal in spite of fading along some paths. 
Right at the edge of the skip distance interfer- 
ence effects may occur with very severe fading, 
while beyond this point the rays of high-angle 
radiation die out, giving a better chance for a 
steady signal. In general high-frequency com- 
munication results go to prove that the skip dis- 

tance for any given time decreases with decreas- 
ing frequency. While skip-distance effects are 
important on our high frequencies they are not 
as noticeable on the broadcast band and less 
important still on low frequencies. 

There is nothing absolute about any of the 
rules that different investigators have devised for 
determining whether a signal from a certain 
transmitter can be heard at a given point. How- 
ever, some charts and rules are useful when 
studying the subject of transmission phenomena, 
even though they are approximate. Such a chart 
is shown in Fig. 415 with an explanation of what it 
means. It shows roughly what may be expected of 
different frequencies or the corresponding wave- 
lengths in radio communication. 

Amateur experience seems to indicate that the 
power of a transmitter is one of the less important 
considerations in high-frequency work. Extreme 
distances are covered day and night with less 
than ten watts in the antenna using 14,000- and 
7000-kc. frequencies, and the signal strength of 
high and low power stations is much the same. 
The conditions in the upper atmosphere are 
undoubtedly the most important factor in deter- 
mining the results. 
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HIGH-FREQUENCY RECEIVERS 

^X^IIATEVER one's principal 
interest in amateur radio, be it operating a 
complete stat ion or experimenting with a variety 
of circuits, the basic piece of apparatus is a good 
receiver The building of the complete station is 
always a process of evolution. Most amateurs 
start out with a simple receiver, listening in on it 
until they become proficient in the art. of tuning 
in high-frequency signals, and at the same lime 
learning the code in preparation for obtaining a 
transmitting license. The amateur has the choice 
of building his own receiver or of purchasing one 
of the several amateur-band manufactured 
receivers now available at reasonable prices. 
Many amateurs prefer to build their own. not 
just for reasons of economy, but more 
for the experience and to acquire the in- 
timate knowledge of operation that they 
obtain. Instructions for building chosen 
types of receivers of proved high per- 
formance and descriptions of represent- 
ative manufactured receivers are con- 
tained in this chapter. 

The first receiver need not be an 
elaborate one; in fact it is better to pick 
out a simple and inexpensive set for the 
initial attempt . It will be relatively easy 
to get such a set working and, even 
though if is built with the full knowledge 
that it will not be the permanent receiver 
of the finished station, the investment in 
the equipment for it will not be wasted. 
Most of the parts used in simple re- 
ceivers can be used equally well in more 
intricate sets later on. in this chapter 
several types of receivers are described. 
All of them are thoroughly practical 
outfits, capable of giving excellent serv- 
ice if carefully built and correctly 
operated. 

Receiver Characteristics 
The three important general charac- 

teristics of a receiver are its selectivity, 
its sensitivity and its fidelity. These three are 
inter-dependent, with selectivity the. controlling 
factor. The sdectivily is the receiver's ability to 
discriminate between signals of different frequen- 
cies. The sensilwity is the minimum r.f. voltage 
input required to give useful output. The fidelity 
is the proportionate response through the audio- 
frequency range required for a given type of 
communicat ion. 

Sensitivity is fundamentally limited by the 
noise output, which in turn is directly related to 

the selectivity, being less as the selectivity is 
greater. Only signals that are detectable above 
the noise background are useful; therefore, 
reducing the noise output by increasing the 
selectivity improves the effective sensitivity in 
proportion. Sensitivity is thus not solely de- 
pendent on the amplification in the receiver but 
on the combination of amplification and selec- 
tivity. The fidelity requirement in amateur 
receivers is essentially different from broadcast 
receiver requirements, although this is not 
generally realized, and is set by the minimum 
required for intelligibility. For c.w. telegraph 
reception of hand-keyed signals (say up to 30 
words per minute) adequate fidelity for intelli- 

gible reception can be obtained with selectivity 
such that the receiver's equivalent band width 
is but 20 cycles or less: for 'phone reception with 
usable intelligibility the equivalent band-width 
may be as little as 120 cycles, as has been deter- 
mined by actual measurement of a highly-selec- 
tive single-signal receiver. It is therefore evident 
that the most important receiver characteristic 
is the effective selectivity; for the higher the 
selectivity, the greater can be the amplification 
and the higher the effective sensitivity, to the 

* 
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FIG. 501 — A MODERN THREE-TUBE TUNED R.F. AMATEUR-BAND 

RECEIVER DESCRIBED IN THIS CHAPTER 
It comprises a stage of l.r.f. amplification with controlled sensitivity, a 

stable regenerative detector and one-stage audio. It uses heater-type tubas for 
a.e. or 6-voll d.c. operation and is adapted to conversion to a single-signal 
type superheterodyne, as shown later in the chapter. 

The tuning dial is placed at the left so the receiver can be operated without 
getting in the way of papers, log books, etc. To the right and below the dial 
is the regeneration control. The two upper knobs are the band-setting con- 
densers. The sensitivity control it in the lower right-hand corner. The audio 
lube and the 'phone binding posts can be glimpsed behind the drum dial on 
the sub-base. 
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limits imposed by the requirement of intelligible 
output. 

Types of Receivers 
Two types of receivers meeting the require- 

ments of general amateur work are the simple 
regenerative receiver (autodyne) and the super- 
heterodyne. Special types for ultra-high frequency 
work are treated in Chapter Nine. In the regen- 
erative receiver there is r.f. feedback in the 
detector circuit with the amount of this regenera- 
tion controllable to give either high amplification 
and selectivity without oscillation, or to give 
these together with oscillation to provide the 
heterodyne for beat-note c.w. reception, as has 
been explained in Chapter Four. The simplest 
form of receiver is just one tube in a regenerative 
detector circuit, although the output available 
from such an arrangement is so small as to be 
generally unsatisfactory. A single stage of audio 
amplification following the detector gives more 
satisfactory results. A still further improvement 
is a stage of tuned radio-frequency amplification 
preceding the detector. This increases sensi- 
tivity and gives somewhat greater selectivity, 
provides helpful isolation of the regenerative 
detector from the antenna circuit and allows 
sensitivity control ahead of the detector circuit. 

Whereas the regenerative receiver's r.f. circuits 
handle the signal at incoming frequency, in the 
superheterodyne type receiver the incoming 
signal is converted to a lower radio frequency and 
then amplified in intermediate circuits prior to 
conversion to audio frequency in the second 
detector. As explained in Chapter Four, this 
method allows greater r.f. amplification and the 
attainment of higher selectivity, since both of 
these are more readily obtained in the inter- 
mediate-frequency (i.f.) amplifier. This applies 
particularly to the single-signal type super- 
heterodyne, originally developed in the A.R.R.L. 
laboratory and described in this chapter, which 
obtains extremely high selectivity in the i.f. 
circuits either by means of a variable-selectivity 
quartz crystal filter or by controllable regenera- 
tion in an i.f. stage. 

The simple regenerative type receiver is less 
complicated than the superheterodyne, of course, 
and is accordingly less expensive. Until one has 
gained experience it is advisable to work with the 
simpler receiver, progressing later to the super- 
heterodyne type. In fact, a suitable regenerative 
receiver can be used as the foundation of the 
superhet, as will be illustrated by a typical 
example. 

Tuning Arrangements and Band Spreading 
Since the amateur frequency-bands comprise 

narrow slices of territory widely separated, it is 
not possible to cover them all effectively with one 
coil and condenser in the tuner. Many schemes 
have been evolved to provide suitable coils and 

coil sockets. The use of a tube-base or a special 
form of larger size plugging into a tube socket is 
now almost universal. Coils of this type are 
pictured later on with the constructional details 
of the receivers in which they are used. Larger 
coils with a horizontal row of plugs fitting into a 
similarly-arranged row of sockets are also used 
in some cases. The important requirements are 
that the coils should be readily interchangeable; 
the contacts should be positive; the coils should 
be mechanically strong so they will not be de- 
formed in handling: and they should be small in 
diameter in order to avoid the existence of an 
extensive magnetic field around them. 

Timing condensers used in high-frequency re- 
ceivers arc much smaller than those employed 
for the broadcast band and lower frequencies. 
A 350- or 250-M#4d. condenser will, at high fre- 
quencies, cover so much territory that tuning 
becomes extremely difficult, because the amateur 
bands occupy only a few divisions on the usual 
100-scale dial. Many amateurs remove plates 
from standard-sized condensers to reduce the 
maximum capacity, or else use midget condens- 
ers, which can be obtained in a variety of capac- 
ities. If the receiver is to cover all frequencies 
between 20,000 and 3000 kc., common practice is 
to use a timing condenser rated at 150 Ai^fd. with 
three plug-in coils, but even this arrangement 
crowds the amateur bands in a very small propor- 
tion of the dial scale. Most amateurs prefer to 
spread the bands over a large part of the dial. 

The amateur bands are not entirely in harmonic 
relation, and therefore 
a condenser which 
spreads one baud satis- 
factorily will not give 
the same spread on 
others. In order to 
make each band cover 
a large number of dial 
divisions, the ratio of 
maximum to minimum 
capacity must be dif- 
ferent for each band. 
One method is to use 
plug-in midget tuning 
condensers which are 
changed each time the 
coils are changed. The 
standard midget con- 
densers will not always 
work satisfactorily, and 
plates must therefore 
be removed until each 
band is spread as much 
as desired. Since this 
method is somewhat 
cumbersome mechani- 
cally, its use is not very 
practical if the receiver 
has a tuned r.f. stage. 
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FIG. 502 —THE ESSEN- 
TlALS OF FOUR POPULAR 
BAND-SPREADSYSTEMS 
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Several widely used band-spreading schemes 
are shown in Fig. 502. At A is the parallel-con- 
denser method. Ci is the tuning condenser, usually 
with a maximum capacity of about 25 (U^fd. (\ 
is a "band-setting" condenser; its maximum 
capacity should be at least 100 a/dd. and may 
be larger. The setting of Cj will determine the 
minimum capacity of the circuit, and the maxi- 
mum capacity will be the maximum capacity of 
Ci plus the set ting of C2. A different maximum-to- 
minimum capacity ratio can be chosen to give 
good band-spreading on each band. 

The series-condenser method is shown at B. 
As explained in Chapter Three, the total capacity 
of two condensers in series is less than that of 
either. Ci again is the tuning condenser. It should 
have 100 wffd. or more maximum capacity. C'j 
is the band-setting condenser and is preferably 
small, perhaps 25 wdd. The maximum-minimum 
capacity ratio in the circuit will be determined 
by the setting of C.. The minimum capacity 
changes very little for any setting of Cj, but the 
maximum capacity can be varied over quite a 
range, depending upon the ratios of the capacities 
of the two condensers. 

At C is another arrangement which makes use 
of a "splitestator" tuning condenser — one with 
two separate stationary-plate sections and a 
single rotor. One of the stator sections is made 
small enough to give good band spreading on the 
14- and 7-megacycle bands, and the second stator 
section, when connected in parallel with the 
small stator, will give good spread on 3500- and 
1750-kc. The dotted connection for the two 
lower-frequency bands shown in C can be made 
by using a jumper in the low-frequency coil 
forms, the change being automatically made 
when the coils are plugged in. This method is 
used in the two-tube receiver described later in 
this chapter. 

The tapped-coil system at D is used in several 
commercial amateur-hand receivers and has also 
been adopted by a number of amateurs in home- 
built sets. Condenser Ci may be fairly large 
100 u/jfd. or so — but will give good spread on 
any band if the right size of coil is chosen and the 
tap to which the stator plates of the condenser 
are connected is made at the right place. This 
system is a little more tricky to adjust than the 
first three. Condenser C'i is not strictly necessary 
but will be found helpful in getting the spread 
just right, and its use will help eliminate some of 
the cut-and-try in winding the coils. It should 
have a maximum capacity of about 25 /j/jfd. 

Regeneration Control 

Almost any arrangement of the tickler coil and 
feed-back control can be depended upon to give 
similarly loud signals, but some of them have the 
advantage of being more convenient and of per- 
mitting adjustment of regeneration without 

detuning the signal. It is also a great advantage if 
the regeneration control is absolutely quiet in 
action; if it permits a gradual adjustment up to 
and past the point of oscillation; and if it permits 
the tube to oscillate gently all across the fre- 
quency band on which the receiver is working 
without the necessity of touching anything but the 
tuning control. 

Fig. 503 shows two ways in which regeneration 
may be controlled with a screen-grid detector. 
At A the regeneration control is a variable con- 
denser having a maximum capacity of 100 or 
150 M/dd. It acts as a variable by-pass between 
the low-potential end of the tickler coil and the 
cathode of the tube. If the by-pass capacity is too 
small the tube will not oscillate, while increasing 
the capacity will cause oscillations to start at a 
certain critical value of capacity. This method of 
regeneration control is very smooth in operation, 
causes relatively little detuning of the received 
signal and, since the voltage on the screen-grid 
of the tube is fixed, permits the detector to be 
worked at its most sensitive point. The sensi- 
tivity of a screen-grid detector depends a great 
deal upon maintaining the screen-grid voltage 
in the vicinity of 30 volts. 

At B regeneration is controlled by varying the 
mutual conductance of the detector tube through 
varying its screen-grid voltage. The regeneration 
control is usually a voltage-divider — or so- 
called "potentiometer" — with a total resistance 
of 50,000 ohms or more. This circuit causes more 
detuning of the signal than A, and the resistor is 
likely to cause some noise unless by-passed by a 
large capacity (about 1 ^fd.) at C. In A, con- 
denser C may be .5 /ifd. or larger. With circuit B 
it is necessary to adjust the number of turns on 
the tickler coil to make the tube just start oscil- 
lating with about 30 volts on the screen-grid if 
maximum sensitivity is desired. 

Both the methods shown in Fig. 503 may be 
applied to three-electrode detectors, although 
these tubes have been largely superseded as 
detectors by the more sensitive screen-grid tubes. 
To use method B the regeneration-control re- 
sistor should be placed in series with the plate of 
the tube and it need not be used as a voltage- 
divider but simply as a series variable resistor. 
It can also be used as a series resistor when 
controlling a screen-grid tube. Another type of 
regeneration control, more suitable for lower radio 
frequencies, is shown in the five-tube superhet 
described later. 

In all methods it is essential that the tickler be 
mounted or wound at the filament end and not. 
the grid end of the tuning coil. In the interests of 
smooth control it will be found advisable to use 
just as few turns on the tickler as will allow the 
tube to oscillate easily all over the tuning range. 
If the tube stalls oscillating with a sudden thump 
instead of a smooth rushing noise, a lower value of 
grid lead resistance should be used. 
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Radio-Frequency Amplifiers 

A regenerative detector followed by a stage or 
two of audio-frequency amplification, when used 
for c.w. telegraphic work, will bring in amateur 
signals from all over the world on the higher 
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frequency amphfier isolates the detector from 
the antenna and gives some amplification, but it 
does not improve the selectivity Of the receiver. 
Rather, it makes the receiver susceptible to inter- 
ference from any near-by powerful amateur or 
broadcast transmitters. Careful proportioning of 
the choke in the grid circuit makes it possible to 
avoid interference from broadcast stations, but 
not from other amateurs. If local interference is 
not likely to be troublesome an untuned r.f. 
stage will be found helpful. It is not hard to in- 
stall because no shielding will be necessary. 

Fig. 504 shows two methods of connecting an 
untuned r.f. amplifier to a regenerative receiver. 
That at A uses transformer coupling between 
the r.f. stage and detector, while at B impedance 
coupling is shown. Transformer coupling is 
preferable because the number of turns on the 
two coils can be proportioned to give the greatest 
amplification (usually the primary, P, should 
have about % as many turns as the secondary, 
S), and because the plate voltage for the r.f. tube 
is kept away from t he detector circuit . It requires 
coil forms with enough pins to take Care of 
primary, secondary and tickler, however. With 
impedance coupling, as at B, the detector coil 
must be isolated from ground by means of the 
by-pass condenser C. The grid leak must be 
connected between grid and filament instead of 
across the grid condenser, since the latter blocks 
the positive plate voltage from getting to the 

FIG. 503 —CONDENSER AND RESISTOR CONTROL OF 
REGENERATION 

frequencies. For such work, the sensitivity of this 
type of receiver usually proves to be ample. At 
times, however, a radio-frequency amplifier 
ahead of the detector is very desirable. The in- 
crease in sensitivity and selectivity provided by it 
can be put to good use in the reception of amateur 
radiotelephone signals. A further advantage of 
such an amplifier is that it isolates the detector 
from the antenna, reducing the radiation from the 
detector in an oscillating condition and making it 
impossible for the antenna, swaying in a wind, to 
cause the received signal to waver. A radio- 
frequency amplifier is also of considerable service 
in the elimination of "dead-spots" — points on 
the tuning dial at which the antenna, coming into 
resonance, might otherwise stop the detector 
from oscillating. 

The three-element tube is almost useless as a 
radio-frequency amplifier in the short-wave 
receiver. The modern screen-grid tube, however, 
is most effective providing the circuit in which it 
is used is a suitable one. One arrangement for the 
radio-frequency amplifier is that in which the 
grid circuit for the first tube comprises a resistor 
or choke connected directly between the antenna 
and ground. This so-called "untuned" radio- 
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FIG. 504 —UNTUNED R. F. AMPLIFIER DIAGRAMS 
A tumformer coupling, B, Impedance coupling to detector. 

A resistor, Ri, having a resistance of 10,000 to 80,000 ohms is 
connected between the grid of the screen-grid amplifier tube and 
ground. An r.f. choke, consisting of perhaps 100 turns of small 
wire wound on a form about the siie of a pencil, can be substi' 
tuted for the resistor if interference Is experienced from local 
broadcast stations. Resistor Rs gives the lube the correct operating 
bias, as explained In a later section bf the text. If the tube fila- 
ment Is directly healed a battery of the proper voltage should be 
substituted For the resistor, and the ground connection should be 
brought to the filament of the lube. 
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grid of the detector. Because of leakage across 
the grid condenser this circuit may be noisy 
unless a good mica condenser with extremely 
high insulation resistance is used. 

Rather complete shielding is always required 
when the input circuit to the r.f. amplifier tube 
is tuned. For this reason the tuned r.f. type 
receiver is somewhat more costly and more diffi- 
cult to build. In one form such a receiver has two 
separate tuning dials — one for the input circuit 
to the r.f. tube and one for the input circuit to the 
detector. The obvious difficulty in tuning these 
two controls has led to the development of re- 
ceivers in which the two tuning condensers are 
"ganged." The construction of a receiver of this 
type is a work requiring a little more skill, and had 
best be attempted after experience has been 
gained with the simpler types. 

Shielding 

The purpose of shielding is to confine the mag- 
netic and electrostatic fields about coils and 
condensers so that those fields cannot act on 
other apparatus, and to prevent external fields 
from acting upon them in turn. Chapter Three 
has explained the nature of these fields. They can 
be confined by enclosing the apparatus about 
which the field exists in a metal box. The effec- 
tiveness of the shield depends upon the metal of 
which it is made and upon the completeness of 
contact at the joints. At radio frequencies the 
best shield is one made of a low-resistance non- 
magnetic metal, such as copper or aluminum, be- 
cause the losses in it will be low. The magnetic 
fields about the apparawtg enclosed in the shield 
cause currents to flow in it, and since the flow of 
current is always accompanied by some loss of 
energy the shield in effect causes an increase in the 
resistance of the tuned circuit. The lower the 
resistance of the shielding material the lower will 
be the energy loss. At low frequencies, such as 
those in the audio range, copper and aluminum 
are ineffective for shielding and iron must be used. 

The increase in resistance caused by shielding 
also depends upon the proximity of the apparat us 
inside the shield to the walla. Coils in particular 
should be spaced from the walls in all directions 
by at least a distance equal to the coil diameter. 
For this reason small coils are much to be pre- 
ferred to largo ones if the set is to be kept reason- 
ably small. The losses in the shielding due to 
electrostatic fields are negligible in comparison 
to those caused by magnetic fields, so condensers 
can be mounted right on the walls of the shield 
if desired. 

To be effective a shield must be grounded. Al- 
though an actual ground connection always will 
bo best, it is sometimes sufficient to connect the 
shielding to a point in the receiver at zero r.f. 
potential, such as the negative side of the plate 
supply. Ajiother point is that shields must be com- 
plete for each amplifier stage or group of appara- 

tus shielded. Do not attempt to use a single 
sheet of metal to form a common wall for two 
shields as shown in Fig. 505; such a wall will ac- 
tually couple the t wo shielded groups or pieces of 
apparatus together in- 
stead of shielding them 
from each other. 

There are two general 
methods of shielding. 
One is to group all the 
apparatus forming a 
single stage of amplifi- 
cation and put it in a 
single shield. The three- 
tube receiver described 
in this chapter is an ex- 
ample of this type of 
shielding. The second 
method, exemplified by 
the manufactured re- 
ceivers described later, 
is to use individual 
shields around each 
piece of apparatus, 
connecting them by 
shielded leads where 
necessary. Only those 
leads which are not at 
zero r.f. potential need 
be shielded. Each 
method will give good 
results, and the choice 
is usually dictated by mechanical considerations. 

Although, as we pointed out in the previous sec- 
tion, shielding is not necessary if no tuned r.f. 
amplifiers are used, it is often helpful. A metal 
cabinet about a simple receiver will prevent 
direct pick-up of signals by the coils and wiring of 
the set. and it will also keep out "induction 
hums" from unshielded house wiring. 

Amplifier Biasing 
Practically all amplifiers, both audio and radio 

frequency, must be operated with a minimum 
negative voltage between the grid and cathode 
of the amplifier tube. This bias voltage may be 
obtained from a battery or from a suitable volt- 
age drop through a resistor in the circuit. Fig. 506 
shows these two methods in an elementary fashion. 

In general, the battery-bias method should be 
used with tubes having directly-heated cathodes 
(Jilament-type tubes). In such cases one side of the 
filament is connected to ground. In order to 
connect the bias battery in series with the lower 
end of the transformer secondary or whatever 
may be in the grid circuit of the amplifier tube, 
it is necessary to insulate point X in Fig. 506-A 
from ground. Condenser C is used to provide a 
low-impedance path to the filament should the 
bias battery develop appreciable internal resist- 
ance. It should be about .01 jufd. in r.f. circuits and 
I to 2 #ifd. in audio circuits. 
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The second method, known as cathode resistor 
biasing, is shown at B. This method does away 
with the extra bias battery, and is particularly 
adapted to tubes with indirectly-heated cathodes 
{heater-type tubes). With this method point X is 
grounded and the cathode is isolated from ground 
and negative "B" through the biasing resistor R. 
By-pass condenser C will have the same values 
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-B 
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FIG. 506—BATTERY AND CATHODE-RESISTOR BIASING 

as in A. When plate current flows through the 
tube there will be a voltage drop through R which 
makes the cathode more positive than the grid — 
in other words, puts negative bias on the grid. 
The right value for R can be calculated by Ohm's 
Law, knowing the bias voltage required and the 
total space current through the tube. The space 
current is the sum of the plate current and all 
currents that may be taken by auxiliary grids in 
the tube. For example, a certain pentode tube re- 
quires a bias of 10 volts with 150 volts on the plate 
and screen-grid; at this plate voltage the plate 
current will be 15 ma. and the screen-grid cur- 
rent 5. The bias resistance required will be: 

R= 
10 volts 

= 500 ohms. 
.02 amp. 

Cathode-resistor biasing can be used with 
tubes having directly-heated filaments provided a 
separate source of filament-heating is used with 
each stage so biased. This is often done in a.c.- 
operated receivers having an audio power output 
stage, the power tubes being heated by a separate 
filament winding on the power transformer. 

Audio-Frequency Amplifiers 

For reception of amateur signals, it is un- 
necessary and even undesirable to have the 
frequency-distortionless audio amplification which 
is the aim of designers of broadcast receivers. 
Audio transformers with "flat" frequency char- 
acteristics are therefore not required. In fact, a 
transformer which has a decided "hump" at 
some portion of its frequency curve is preferable 
for c.w. reception, particularly if the hump is in 
the neighborhood of 1000 cycles. Such a trans- 
former will provide some audio-frequency 
selectivity, since it amplifies one frequency a great 
deal more than others. 

For 'phone reception the same principles 

should be applied as for ordinary amplification. 
Plate voltage and "C" bias on the amplifier 
tubes are important, and should be those recom- 
mended in the instruction sheets accompanying 
the tubes or may be taken from the table. Since, 
in amateur radiotelephony, we are concerned only 
with the transmission and reception of speech, 
it is unnecessary that the equipment be capable 
of handling frequencies higher than about 3000 
cycles per second. Frequencies above this, indeed, 
may merely cause interference and can well be 
eliminated. 

The receivers described in detail in this chapter 
are intended to be used with headphones, although 
they can operate a loud-speaker at low or moder- 
ate volume. For satisfactory loud-speaker 
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FIG. 507 —AUDIO POWER AMPLIFIERS FOR LOUD- 
SPEAKER OPERATION 

A — using a singl# Type 45 lube, B — a single 47 pentode, 
C — two 45's In push-pull. Translormer Ti is an ordinary audio 
transformer having a turns ratio of S:1 or 3:1. Tj is an output 
transformer designed to couple a 45 tuba to the loud-speaker 
being used. Ts it for coupling a 47 to the speaker. T« It a push- 
pull Input transformer and Ts a push-pull output translormer lor 
a pair of 45'$. It Is necessary to know the impedance of the loud- 
speaker In order to purchase the right type of output transformai 
in all three cases. Ri it a 20-ohm resistor, tapped at the center. 
R; it 1 500 ohms, rated to carry approximately 50 ma. Rj is 450 
ohms, also to carry about 50 ma. R« is 750 ohms, rated at 75 ma. 
or mote. Both Ci and Cr should be 1 to !>ifd. Cs, which mutt be 
rated to stand the full plate supply voltage, may not be needed 
if the plate voltage lor the amplifier comes directly from a filter 
condenser in the power pack. 
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operation, however, a power audio stage should 
be used. A number of diagrams for this purpose 
are given in Fig. 507. These amplifiers had best 
be a.c.-operated, using power supplies of the 
type described in Chapter Ten. Other tubes than 
those shown can be used provided the voltages 
are changed to the recommendations in the tube 
table. 

Receiving Tubes 
The large number of types of receiving tubes 

available often causes considerable confusion to 
the beginning amateur because it seems difficult 
to choose the proper ones for the contemplated 
receiver. Many of them, indeed, have little 
application in amateur work. Modern receiving 
tubes are grouped into three classes, depending 
upon the type of service for which they are 
intended. One group is for dry-cell operation and 
is characterized by tubes with 2-volt directly 
heated filaments which take very small currents. 
The second group has filaments designed for use 
with a 6-volt storage battery. Most of the tubes 
in this group have indirectly-heated filaments. 
The third, or "a.c." group, has filaments which 
take rather heavy currents at 2.5 volts a.c. In 
this group the tubes used as r.f. 
amplifiers and detectors have 
indirectly-heated filaments 
while the power audio amplifiers 
have directly-heated filaments. 

In each group will be found 
general-purpose three-element 
tubes which are useful as de- 
tectors, audio amplifiers and 
oscillators; screen-grid ampli- 
fiers (usually two types of these, 
one with the " variable-mu" 
feature, the other without); 
and various kinds of power 
amplifiers — triodes, pentodes 
and special tubes for Class B 
amplifiers (see Chapter Eight). 

In addition to these groups, 
there are also several older 
types such as the 99 and 01-A 
which have been superseded by 
the newer and better tubes and 
are now only used for special 
purposes. 

From the above it is obvious 
that the first question to be de- 
cided is that of filament supply. 
If a.c. is available it is un- 
doubtedly best to use the 
heater-type tubes, not only be- 
cause no batteries will be re- 
quired but because, type for 
type, these tubes are better 
than the others. On the other 
hand, an all-d.c. set will have 
no "hum troubles." 
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Fig. 508 shows the socket connections for the 
tubes listed in the table. The symbol for each 
type of tube also is shown. 

Receiver Construction 
The receiver descriptions which follow are 

intended to illustrate the points just discussed. 
The various arrangements need not be followed 
slavishly by the constructor, providing principles 
of good design are not violated. For instance, any 
of the various band-spreading schemes already 
detailed may be substituted for the one in the 
particular set in which you are interested. If you 
prefer to use coils wound on forms other than 
those specified by all means do so, but at the 
same time remember that some modification of 
the coil sizes given will be necessary if the forms 
diller in diameter. Audio systems may be inter- 
changed, likewise. A little common sense applied 
to most of the problems you may encounter will 
solve nearly all difficulties. 

Tools 
While it is possible to put a set together with 

the aid of only the proverbial jackknife, a few 
good tools of the proper sort will be found in- 

valuable in saving time and 
helping to make a good job 
mechanically. The following fist 
is typical of the tools which 
most amateurs consider ade- 
quate : 

Soldering iron (preferably elec- 
tric) 

Large and small side-cutting 
pliers 

Large and small screwdrivers 
Hand drill stock with a few 

drills of different sizes (Nos. 
11, 18 and 28 will be most 
useful) 

File (not too large) 
Knife (Boy-Scout kind) 
Hammer 
Vise (the small 4" size will do) 
Steel rule (6" or 12") 

TOP OF SOCKET 

o1 b 

• 5 

b d' 

7 PIN 0 ■' 

FIG. 508 —TUBE SOCKET CONNEC- 
TIONS FOR RECEIVING TUBES 

The diasrsmi in (he left-hand column are 
for the sockets as viewed from the bottom, 
those in the right-hand column as viewed 
horn the lop. The pin numbering is accord- 
ing to the system adopted by lube 
manufacturers (R.M.A. standard). The 
accompanying table indicates by number 
the lube element connected to each socket 
pin, also to the cap on top of the lube when 
there is one. II should be noted that some 
tubes have a larger base than most, in which 
case the pin arrangement is the same but of 
greater radius requiring a larger socket. 

With these tools it is possible 
to construct practically any of 
the apparatus ordinarily built 
at home. Others will be found 
useful at times, however. A 
small tap-holder, a die-holder 
and three or four taps and dies 
covering the 6-32, 8-32 and 
10-32 sizes can be obtained 
from a hardware store at rea- 
sonable cost. With the dies you 
can thread brass rod and run 
over threads that become 
"bunged-up" on machine 
screws. With the taps you can 
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thread the holes you drill so that they will take 
machine screws to hold the apparatus you wish 
to mount. A hacksaw, reamer, center-punch, 
scriber, tweezers, square and some other inex- 
pensive tools are also desirable but not entirely 
necessary. 

In building equipment for experimental pur- 
poses and for temporary use it is just as desirable 

k- 

FIG. 509 —GOOD TOOLS CONTRIBUTE TO GOOD 
CONSTRUCTION 

All those illustrated, although convenient, are not entirely 
necessary. Those suggested in the text are recommended as the 
basil for the constructor's equipment. 

to use system in laying out the apparatus and in 
wiring up as when the more permanent panel job 
is built. Some square "breadboards," a bunch of 
General Radio plugs and jacks, Fahnestock clips, 
some scrap bakelite pieces for building terminal 
boards, angles for supports and an a&sortracnt of 
different sized brass machine screws, wood screws, 
nuts, and washers will make it easy to build up 
and try out new circuits. It is a good idea to keep 
some bus wire on hand, and various sized spools 
of magnet wire will prove useful in doing tempo- 
rary wiring if you are an experimenter. 

A table of drill sizes giving the proper num- 
bered drill to use for passing a screw through a 
panel or for tapping to take a certain size of ma- 
chine screw is included in the Appendix. Only the 
sizes most used in radio constructional work are 
given. Wood screws also come in various sizes and 
lengths. Usually the numbers correspond to the 
drill-size numbers, the diameter given being that 
of the screw just below the head. Wood screws 
are stocked by most hardware stores in lengths to 
the nearest quarter inch of what you want. 

Soldering and Wiring 
In wiring different pieces of apparatus a neatly 

soldered job will repay the builder in good appear- 
ance and reliable operation. Good connections 
may be made without solder, but a well-soldered 
job has low contact resistances. A soldered outfit 
works quietly and uniformly over long periods of 
time. Soldering is decidedly worthwhile when 
properly done. 

Making soldered joints is a quite simple mat- 
ter. A few points should be kept in mind for best 
results. A hot well-tinned soldering iron, clean, 

bright surfaces, and a mniill amount of rosin-core 
solder will do the trick. Tinning the parts to be 
soldered before completing a joint will be helpful. 

Soldering fiux keeps the clean surface from be- 
coming oxidized when heat is applied. Acid 
fluxes or soldering pastes are especially to be 
avoided. They are good for mending tin pans and 
gutter pipes but cause corrosion of electrical 
connections. The melted "paste" can cause a set 
to operate poorly or to become inoperative by 
adding leakage paths across coils and condensers. 
Use lump or powdered rosin that can be obtained 
for a dime from any drug store, or buy "rosin- 
core" solder, 

"Tinning" the soldering iron is done by filing 
the point bright and clean and rubbing it in hot 
solder with a little flux until the point is covered 
with clean solder. Scrape connections with a knife 
or file before soldering, to save time and make a 
joint good electrically and mechanically. The 
soldering iron must be re-tinned occasionally if it 
becomes overheated. It should always be used 
when very hot but not allowed to become red hot. 
A hot iron makes soldering easy. 

Bus wiring is neat and effective. The wires are 
laid out in straight lines running straight back, 
horizontally and vertically. The corners are made 
square. Hold bus wires firmly with pliers while 
a little solder "runs" into the joint. 

In receiver wiring, battery leads may be 
bunched to good advantage. Radio-frequency 
circuits should have the leads well spaced. Wires 
should cross at right angles when crossing is 
necessary. Connections between coils and con- 
densers in radio-frequency circuits should be as 
short as possible. However, coils and condensers 
must not be jammed together too much as this 
increases the effective resistance and lowers the 
sensitivity, beads a couple of inches long are 
permissible and will allow mounting the con- 
denser out of the field of the coil. 

V 

FIG. 510 —THE FRONT PANEL AND PART OF THE 
"CHASSIS" OF THE TWO-TUBE D.C.-A.C. RECEIVER 
This photograph shows the detail of the coll and antenna 

condenser mountings, The detector lube shield it alto vitible. 



HIGH-FREQUENCY RECEIVERS 53 

A Two-Tube A.C.-D.C. Receiver 
A simple receiver of sturdy construc- 

tion that incorporates modern features 
is illustrated in Fig. 510. It uses a screen- 
grid regenerative detector and one stage 
of audio amplification, being intended 
for headset output. The model pictured 
happens to be fitted for operation with 
2J4-volt a.c. filament supply but is also 
adaptable to operation from 6-volt a.c. 
or d.c., or 2-volt battery supply, as de- 
scribed iu the circuit diagrams of Figs. 
511 and 614. Somewhat better results 
will be obtained with the or 6-volt 
tubes than with the 2-volt types, how- 
ever. Plug-in coils are used and the 
band-spread system of Fig. 503-C is 

,JJ Vff J i 

RFC 
USM. TYft 2? <*>37 TYPliS 

□ 

% t 

♦ 45 ♦ISS'IOO ♦50-135 

FIG. 511 — CIRCUIT OF THE TWO-TUBE RECEIVER FOR 
HEATER-TYPE TUBES 

At alternativei to the lubes indicated, For 9.5-volt a.c. healer 
operation a Type 58 may be used for the detector, with a 6-prong 
socket replacing the 5-prong used for the 35 and with the 
suppressor of the 58 (No. 6 pin) connected to the cathode; also, 
a 56 may be used to replace the 27 without changing the socket. 
For 6-volt d.c. operation a Type 78, with a 6-prong socket con- 
nected as for the 58, can be used in the detector with a 37 in the 
audio stage. The filament center-tap resistor R> should be omitted 
for d.c. operation. 

Ci — Antenna coupling condenser; see text for details. 
C: — Split stalor condenser; see text. 
Cj — 100 «^fd. 
C. — .5ufd. 
G—200 wifd. 
O — 1.0 Mfd. 
Ri — 10 megohms. 
Rj — 100,000-ohm varieble resistor. 
Ri — 2000 ohms. 
R. — 20-ohm center-tapped resistor (not required if d.c. lubes 

are used). 
RFC — Receiver-type r.f. choke. 
Li, C;, Rs — National Screen-Grid Detector Coupler, Type 
S-101. If a home-made coupling is assembled, Cr should bo 
about .006;ifd. and Rt, 2-4 megohms. See text for details of Ls. 

Coil Data 
Band 

1750 70 turns No. 32 s.e.e. 
3500 37 " " 22 s.e.e. 
7000 19 "    

14,000 8   

10 turns No. 32 s.e.e. 
6 " " 30 " 
4 M •» It || 
4 it •• it 

All colls are close-wound except the 14,000-kc. grid coll. The 
specing between turns on this coil is adjusted until the band is 
covered. Spacing Is approximately half the diameter of the wire. 

FIG. 512 —THE TOP OF THE SUB-PANEL 
The audio coupler, audio amplifier lube socket and regenera- 

tion-control resistor are to the left of the drum dial. Connections 
are brought out to the cable socket to the rear of the dial. Tip- 
jacks for the "phones are mounted on this socket. This photo 
also shows the method of mounting the tuning condenser, grid 
condenser and leak, and shows the coil socket and antenna con- 
denser mountings from another angle. The ground binding post is 
mounted on the sub-panel between the detector tube socket and 
the antenna condenser. 

employed. The regeneration control is of the type 
illustrated in Fig. 504-B. 

The panel is a piece of J^-inch sheet aluminum, 
7 inches high and 12 inches wide. On it arc 
mounted the drum dial which controls the tuning 
condenser, the regeneration control resistor, and 
the "B" cut-off switch, as shown in 510 and 512. 
The remaining apparatus is mounted on the 
shelf or "sub-panel," which is also sheet alumi- 
num, 12 inches wide and 6 inches deep. The sub- 
panel mounting brackets are one inch high. 

Three five-prong sockets are required, one for 
the plug-in coils and two for the tubes; the 
variety used iu this particular set are sub-panel 
sockets of the type widely used by broadcast- 
receiver manufacturers. It is not necessary to 
use the same style, of course, although they lend 
themselves nicely to sub-panel wiring and are 
inconspicuous. 

The tuning condenser is a National Type 
SE-100 with several plates removed for band- 
spreading. The drum dial is a National Type HS, 
which is the projector dial with special mounting 
brackets for the Type SE condenser. To the right 
of the condenser, as shown in the top view of 
the receiver, Fig. 512, is the mounting for the 
coil socket, and just behind the latter is the 
mounting for the antenna coupling condenser and 
the antenna binding post. The reason for these 
two special mountings is obvious when it is 
remembered that the sub-panel is metal. The 
mounting for the coil socket is made from a piece 
of Hetb-inch aluminum 2 inches by 2^ inches, 
supported at each corner by brass sleeves 1%" 
long bolted to the sub-panel. 
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The antenna coupUng condenser is mounted plate assembly to the insulating strip on the 
on a 2-inch strip of bakelite which is supported front of the condenser should be removed; then 
above the sub-panel by two spacers sufficiently the two screws holding the rear strip to the 
long to give ample clearance for the screws hold- frame should be taken out and the stationary 
ing the condenser and antenna binding post. plates can be lifted out. The condenser as re- 
The condenser itself consists of two strips of thin vamped for this receiver has two stationary 

sections insulated from each other. One con- 
sists of one plate and the other of two, each 
section being mounted on one of the insulat- 
ing strips. Three-quarter inch 6-32 machine 
screws are used to hold the two stator sec- 
tions in place. Fig. 516 shows clearly how 
these changes are made. 

The connections between the condenser 
and the coil socket are made as shown in 
Fig. 515. The single plate alone may be used, 
or the two sections may be connected in 
parallel. With the single-plate stator only, 
the 7000- and 14.000-kc. bands will be amply- 
spread on the dial scale, while with the two 
sections in parallel the 1750- and 3500-kc. 
bands will cover a goodly portion of the dial. 
The change from one condenser section alone 
to two in parallel is made automatically by 
a jumper lietwecn the coil-form prongs which 

7b ontenoa* 
condenser and 
s/nej/e statorp/ate 

Jumper in coif 
form for /7SO 
and 3SOO kc. 

2. plate 
section 

* C 

r- 

M.vai 

7 

FIG. 513 —UNDER THE SUB-PANEL 
The center-tapped reiistor for the healer leads is mounted directly 

underneath the sround binding post. The small condenser to the left 
Is the plate by-pass condenser; the one below the detector tube socket 
is the screen-grid by-pass condenser. The r.f. choke is in the center. 
The cathode resistor for the audio lube is at the extreme right, held in 
place by a home-made bracket. The by-pass condenser across the 
resistor is mounted between the r.f. choke and the front panel. The 
metal piece behind the r.f. choke Is a bracket which rests on the table 
and serves as a mechanical support for the sub-panel. 

brass about a half inch wide, bent to face each 
other about Y% inch apart as shown in the 
photograph. 

To spread the various bands satisfactorily the 
capacity ratio of the tuning condenser is changed 
for each band so that stations will not be unduly 
crowded. 

The type of tuning condenser used is a par- 
ticularly easy one to alter for band spreading, 
since the stationary plates can be removed with- 
out difficulty. The nuts holding the stationary 

Pc PO 

kotor p/otes 
and pround 

Detector 
P/ate 

RFC 

£ 

ill 

\r 

w 

r? 

♦ 22!4ro ♦i35v -C ♦44 V 4/»T09V. 2 V • •35 V ♦ C DC 

FIG. 514 —DIAGRAM OF TWO-TUBE RECEIVER FOR 
2-VOLT D.C. OPERATION 

The elreull Is the same as Irs Fig. 511, except that 4-pron9 
sockets are used and a d.p.s.l, switch is Included to cut off the 
B-battery and fllsmant supply circuits simultaneously. This is 
necessary to prevent B-baHery drain when the receiver it In- 
operative. 

FIG. 515—COIL FORM AND SOCKET CONNECTIONS 
FOR THE TWO-TUBE RECEIVER 

connect to the two stator sections of the tuning 
condenser when the coil is placed in the socket. 

Other details of the arrangement of the parts 
and of the wiring can be followed in an examina- 
tion of the illustrations. It will be noted that a 
Yaxley cable socket is used in place of binding 
posts for external leads and that all wiring is made 
with flexible "hook-up" wire, the leads running 
directly from one point to another. 

In this receiver the coils are wound on manu- 
factured five-prong coil formers. Specifications 
for the windings are given, but it may be neces- 
sary to make slight changes in them in order to 
obtain the best possible performance. Since the 
antenna will have some effect on the tuning of the, 
detector circuit, it may be found that the bands 
will not be centered on the tuning dial unless a 
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few (urns are added to or subtracted from the 
numbers specified for the grid coils. It is partic- 
ularly important that the tickler windings be 
adjusted so that the detector oscillates with 
approximately 22 volts on the screen-grid. To 

I'j 

/ 

Gr id condenser 
mounted on this 

screw 

■ insulating Strip 

FIG. 516 —HOW THE TUNING CONDENSER IS 
MODELLED FOR THE TWO-TUBE RECEIVER 

RE- 

accomplish this it is helpful to connect the 
screen-grid lead temporarily to a 22J4-volt 
tapping, then adjusting the ticklers until the 
detector just oscillates at the "high" setting of 
the regeneration control, R*. With the screen 
lead back on the 45-volt tapping there will be 
plenty of range for the regeneration control. 

Instead of using an audio t ransformer with the 
primary and secondary connected in series as a 
coupling impedance in the detector plate circuit, 
as might be done, a special coupler made for 
the purpose is used in this set. The audio trans- 
former stunt may be used instead, of course. 

There should be no hum in the 
receiver with a.c. tubes and an a.c. 
filament supply. If filament hum is 
encountered make certain that the 
center-tap resistor, /iV is connected 
properly and that the receiver is 
connected to a good ground. A 
cold water pipe is best. If this does 
not cure it, try other tubes. An 
otherwise good tube may have a 
bad hum, especially when used as 
a regenerative detector. There will 
be no hum, of course, with d.c. 
tubes and a storage battery fila- 
ment supply. 

Either batteries or a power pack 
may be used for the plate and 
screen-grid voltages. Many "B" 
substitutes, while entirely ade- 
quate for broadcast receivers or 
audio amplifiers, are unsatisfac- 
tory on short-wave regenerative 
receivers because their output 
voltage is not constant, making 
the received signals sound un- 
steady or causing tunable hums. 

Chapter Ten goes into this subject in more de- 
tail. If batteries are used the switch in the minus 
"B" lead should be opened when the receiver is 
not in operation, to cut off the current which 
otherwise would be drained through Ih. This 
receiver will work well with 135 volts of "B" 
batteries, and since the total current is only 
about 5 or 6 milliamperes the batteries will last 
a long time. 

A Three-Tube Receiver 
The progressive amateur is rarely content to 

operate a receiver not fitted with at least one 
stage of radio-frequency amplification. The 
increase in sensitivity and the general improve- 
ment in performance made possible by a stage of 
r.f. amplification is usually well worth the 
additional apparatus and the added construc- 
tion. 

The three-tube receiver illustrated and dia- 
grammed in Fig. 519 has a tuned r.f. stage with 
controllable sensitivity. The circuit arrangement 
differs a little from those previously described, 
but the operating principles are the same. The 
band-spreading system will be recognized as the 
first of those outlined early in this chapter. It is 
used in this set because it is one of the easiest 
systems to get working when the tuning of two 
stages is to be ganged, and because the relatively 
large capacity in the timed circuits makes the 
detector oscillate more stably and thus prevents 
the signals from wavering should the " B " supply 
voltage change slightly. 

The panel is of J-^-inch aluminum and measures 
7 by 14 inches. The sub-base is made of a single 
piece of %2-inch aluminum with the corners cut 

©s $ 

rw° 

r 

FIG. 517 — PLAN VIEW OF THE THREE-TUBE AUTODYNE WITH SHIELD 
COVER REMOVED 

The panel view of this receiver appears at the beginning of the chapter. The 
detector stage is next to the drum dial. The ganged tuning condensers are mounted 
on the left-hand wall of each shield. The Isolantite coil sockets are mounted on 
small pieces of brass tubing which lifts them far enough above the base to prevent 
grounding of the contacts. The detector grid condenser and leak ate just behind the 
coil in the detector compartment. The lubes, also mounted in sub-panel sockets, 
have individual shields. 
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for the c.w. beat oBcillator frequency adjustment. 
As shown in the bottom view, J^-inch Bakelite 
shafts with flexible couplings are used for Ct and 
Rt. The rear chassis extension measures 13 ^2 
inches by 4^2 inches by 2 inches deep. It is 
fastened to the original base with pieces of the 

* 

FIG. 520 —PLAN VIEW OF THE FIVE-TUBE SUPERHET 
AFTER CONVERSION OF THE T.R.F. RECEIVER 

Th* panel arransemenl It the same at shown in Fig. 501, 
except that the selectivity (regenefalion) control has been In- 
serted between the c.w. beat control (left) and gain control 
(right). The original mechanical arrangement is left intact and a 
41/s-in«h back porch added For the additional equipment. The 
left front compartment contains the h.f. oscillator, the right the 
first detector. The regenerative t.f. stage is rear right, the beat 
oscillator rear left. The tube behind the drum dial is the pentode 
second detector. 

densers by strips of 1/16- by }-£-inch fiber screwed 
to the condenser frames and bent to hold the coil 
assembly clear of the other components and the 
base, as shown in Fig. 523. The universal-wound 
r.f. choke, RFC*, is mounted on one of these 
supports. 

The primary and secondary i.f. coils are of the 
"diamond weave" (universal) type and are each 
of 1-millihenry inductance. They are mounted 
approximately 1 inch apart. The tickler coil of the 
first transformer is a 20-microhenry coil of the 
same type, mounted relative to the other coils 
and with leads brought out as shown in Fig. 524. 
The coils shown were obtained from the F. W. 
Sickles Co., Springfield, Mass. With the coils 
arranged as shown, the proper location of the 
tickler is determined by experiment, with the 
transformer connected in the tube circuit. 
The tickler is moved on the dowel form until a 
position is found where oscillation just starts wit h 
the regeneration control resistor at maximum 
and with the primary and secondary tuned to 
resonance at the intermediate frequency, which 
obtains when the condensers Ct are at approxi- 
mately half capacity. The tickler adjustment is 
made readily through the slot cut in the base 
immediately under the first i.f. transformer, as 
shown in Fig. 521. If it should be impossible to 
obtain oscillation, as indicated by the familiar 
"plop" when the i.f. tube's grid is touched, or if 
oscillation should occur but decrease as the tickler 
is moved toxDard the secondary, it is likely that the 
leads to the tickler coil have been reversed, and 
should be interchanged. If oscillation persists at 
any position of the tickler, it's turns should be 

quarter-inch square brass rod drilled and tapped 
for 6-32 screws, at the front comers and near the 
top-center. On the base are mounted the i.f 
transformers, the i.f. and beat-oscillator sub- 
panel tube sockets, and the output transformer, 
as shown in the plan view of Fig. 520. 

The i.f. transformers in this particular case are 
home-made. Air-type (midget) condensers are 
used for tuning in preference to less stable com- 
pression-type mica condensers. The i.f. trans- 
former shields measure 4 inches by 2 inches by 
4 inches high and are made of thin copper sheet, 
with the joints soldered. The inner assembly is as 
shown in the illustration of the second i.f. trans- 
former, Fig. 523. The first i.f. transformer is sim- 
ilar except that it has, in addition, the. tickler 
coil Lt. The two 100-MMfd. Hammarlund midget 
condensers are mounted on a 3j^- by Ij^-inch 
strip of bakelite which, in turn, is sup- 
ported from the top of the can by 6-32 screws 
through spacing bushings that prevent the con- 
denser bearings from shorting to the shield. 
Holes through the shield for the condenser shafts 
are large enough so that they do not short either. 
The transformer coils, on a 3-inch length of 34- 
inch wood dowel, are supported from the con- 

FIG. 521 — THE UNDERSIDE OF THE CHASSIS 
Wiring and cotnponanli are placed at convenient. A hole 

underneath the first I.f. traniformer give* convenient aecesi for 
adjusting the tickler position. The regeneration control resiitor 
(near center) end beat-note control eondenjer are in the rear 
eompartment, with Va-inch bakelite (haft extension! to the panel 
knoba. 



HIGH-FREQUENCY RECEIVERS 59 

reduced in number or provision made to place it 
further from the secondary, as by using a longer 
dowel form. 

Although it was not found necessary to enclose 
the c.w. beat oscillator circuit in a shield in the 
model shown, it may be advisable to do so ac- 
cording to the dash-line indicated in Fig. 522, 
the circuit diagram of the receiver. The other 
shielding indicated in this diagram is used, in- 
cluding the shielding of certain leads. This shield- 
ing is flexible copper braid (Belden) over "spa- 
ghetti" tubing. The wiring of the receiver is 

straightforward, the physical arrangementXfol- 
lowing closely the schematic arrangement of Fig. 
522. The placement of bypass condensers, re- 
sistors and chokes is not especially critical but 
they should be located approximately in con- 
formity with their positions in the schematic dia- 
gram, with connecting leads as short and direct 
as possible. All circuit connections indicated as 
"grounded" should be inter-connected by a cop- 
per wire soldered to each "ground" point, to 
eliminate possibility of poor connections through 
the aluminum shielding. 
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FIG. 582 —COMPLETE CIRCUIT OF THE FIVE-TUBE S. S. SUPERHET 
Mo»t of th» component! are unchanged from the three-tuba receiver previoutly described, which should be studied for the additional 

constructional data. The original r.f. amplifier coils are used in the flnt detector and the original detector coils are used in the h.f. oscil- 
lator, with change In the cathode taps of the latter as noted below. Sec Fig. 519 for coil data. 

Li and Lj — Antenna and grid coils of first detector unchanged. 
Lj — Not used. Leave disconnected from circuit. 
L< — Unchanged except that cathode tap is placed]^ to Vs of 

total turns from ground and. (Not critical.) 
Ls and L« —See text. 
L: — See text. 
L» — Beat oscillator inductor. 140 turns of No. 30 d.s.e. or 

equivalent on 1 'A-ineh diameter form. Length of winding 
1% in. Tapped 30 turns from ground end. 

Ci and Cr — Ganged tuning condensers, 35-firJd. midgets. 
(Unchanged.) 

Cj, C. — Tank padding condansen, 100-MMfd. midgets. (Un- 
changed.) 

Cs — l.f. tuning condensen, lOO-wfd. midgets. 
Ct — Beat oscillator tuning condenser, 20- or 25-Mpfd. midget. 
C — Beat oscillator tank padding condenser, 200-jiSifd. midget 

variable or lOO-MjJd. midget in parallel with lOO-M^fd. 
fixed mica. 

C» — Non-inductive r.f. by-pass condensers, O.OOS-pfd. or 
larger (paper or mica). 

C»— 250-wfd. mica grid condenser. 
Cm— 250-uufd. plate by-pass condensers. 
Cn — l-/ifd. audio by-pass and coupling condensers. 
Cu — H.f. oscillator coupling condenser, same as Ci of Fig. 511. 
Ri — 50,000-ohm 1-walt oscillator grid leak. 
Rj — First detector cathode resistor, SOOO-ohm 1-watt. 
Ri — 2000-ohm variable resistor, "left-hand" taper preferred. 

R« — 100,000-ohm 1-watt. 
Rs— 10,000-ohm 5-watt. 
R'. — 7000-ohm 2-watt. 
R? — 3000-ohm 8-watt. 
Ri — 50,000-ohm 1 -watt. 
Rs — 2000-ohm variable resistor, preferably non-inductive type 

with "left-hand" taper. 
Rio— l.f. amplifier cathode resistor, 300-ohffl 1-watt. 
Ru — 50,000-ohm 1 -watt. 
Ru — Detector grid leak, 1-megohm V^-watt. 
Ru— Beat ose. leak, 50,000-ohm 1-watt. 
Ru— 8500-ohm 8-watt. 
Ru—10,000-ohm. 5-watt. 
Ru — 25,000-ohm 5-watt. 
Ri" — 20-ohm center-lap resistor lor 8.5-voll lubes, 100-ohm 

for 6-volt lubes. Omitted with d.e. filament supply. 
Ti and Ts— 525-ke. l.f. transformers. See text. 
T'—Audio output transformer, push-pull "replacement" type. 
RFCi — Sectionalized type short-wave choke, 3-to 8-millihenry. 

One with universal-wound sections preferred. (National 
No. 100 or equivalent.) 

RFC — 40- to 60-fflillihenry broadcast-band type r.f. chokes. 
Single-section universal-wound type satisfactory. 

Dash lines indicate shielding. Shading Indicates chassis. 
"Ground" points are bonded with copper wire, in addition to 
connection through chassis. 
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Alisnment and Checking of the Superhet 

The tuning and checking of operation of the 
various sections of any superhet receiver is best 
accomplished by a logical procedure. With the 
audio circuits operating properly, as indicated by 
strong clicks in the output when the detector 
grid is touched, this procedure starts with the i.f. 

■nfl 

FIG. 523 — AIR-CONDENSER TUNED I.F. TRANSFORMER 
USED IN THE RECEIVER 

Th« can is soldered copper, 4 by 4 by 8 inches. The asssembly 
is supported from a bakelite strip that bolts to the top of the can. 
Pieces of He-inch fiber screwed to the condenser frames are 
bent to support the coil form (wood dowel) and also carry the 
plate-feed choke, grid resistor, etc. A double-section .01-^fd. 
tubular by-pass serves for both plate and grid return circuits in this 
version. The tuning condensers are 100-/i^fd. Hammarlund 
midgets. 

circuits and progresses to the h.f, circuits. The 
intermediate circuits are first tuned to the proper 
intermediate frequency, approximately 500 kc. 
in the case of the receiver just described. A test 
oscillator, operating at intermediate frequency, 
is used for this. A modulated oscillator of the type 
used for checking broadcast receivers can be used, 
or an unmodulated oscillator having exactly the 
same circuit as the c.w. beat oscillator of the re- 
ceiver can be made up. With the unmodulated 
oscillator a d.c. milliammeter connected in a 
plate lead of the second detector is best as a 
visual resonance indicator. In the five-tube s.s. 
receiver a 0-50 milliammeter should be connected 
in the plus-B lead to the lower terminal of the 
output transformer primary. Since the detector is 
of the grid-leak type, the current will dip toward 
zero and minimum current will indicate reso- 
nance. For detectors having cathode-resistor 
self-bias, a D-l ma. meter can be used, which will 
indicate resonance by maximum current reading. 

The frequency of the test oscillator can be 
checked by beating its second harmonic against 
the carrier of a broadcast station tuned in on a 
broadcast receiver set at 1000 kc. or thereabouts. 
In aligning the i.f. circuits, the test oscillator is 
first coupled loosely to the grid of the i.f. tube pre- 
ceding the second detector (the second i.f. stage in 
a two-stage intermediate amplifier) by means of 
an insulated wire hooked around the grid cap. 
The primary and secondary of the last i.f. trans- 
former are then adjusted to resonance. The 

coupling is next transferred to the grid of the next 
preceding tube (the first detector, in the s.s. five- 
tuber, or the first i.f. in a two-stage i.f. amplifier), 
and the second-last i.f. transformer is adjusted. 
In the regenerative i.f. amplifier this adjustment 
should be made with the regeneration control 
near minimum. If there is a third i.f. transformer, 
the same procedure applies to it; the test oscilla- 
tor is always coupled to the grid of the tube 
preceding the transformer under adjustment. 
The c.w. beat oscillator should be "off" while 
the i.f. circuits are being aligned. 

The high-frequency circuits are adjusted in 
similar fashion, using an oscillator furnishing a 
signal in the band to which the h.f. circuits are 
tuned. The station heterodyne frequency meter or 
crystal oscillator of the transmitter can be used 
for this purpose. If the high-frequency circuits 
(h.f. oscillator and first detector) seem to be in- 
operative, check the operation of the h.f. oscilla- 
tor by listening for it on an ordinary regenerative 
receiver. Remember that the h.f. (first) oscillator 
must be tuned intermediate-frequency different 
from the incoming signal frequency to which the 
first detector is tuned. In the five-tube set, it is 
intended that the first oscillator should be 500-kc. 
higher. For the 3500-kc. band the oscillator tank 
condenser will be near minimum and that of the 
first detector at about ^ capacity ; for 7000 kc., 
the oscillator at about half capacity and the 
first detector slightly greater than half; for 14 mc., 
the settings are slightly advanced over those for 
7 mc. The settings for 1.75 mc. are nearly the 
same as for 3.5 mc. 

Image Interference 

The setting of the first detector tank (padding) 
condenser is especially important in the minimiz- 
ing of high-frequency image interference, a type 
of interference peculiar to superhet receivers. 
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FIG. 584 —HOW THE COILS ARE ASSEMBLED IN THE 
REGENERATIVE I.F. TRANSFORMER 

With all three wound in the same direction, the correct polarity 
of the tickler is obtained with the connections indicated. The 
1-millihenry primary and secondary coils, Ls and Le, are spaced 
approximately 1 inch between centers. The SO-mlcro-henry 
tickler, Lt, is adjacent to the secondary and its proper position is 
determined by the procedure described in the text. All three 
coils are of the "universal" type made by the F. W. Sickles Co., 
Springfiled, Mass. Coils of different size and type might necessi- 
tate modification of the tickler specifications. 
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This interference results when signals twice inter- 
mediate frequency removed from the desired 
signal get through to beat with the high-frequency 
oscillator signal in the first detector and occurs 
because there is insufficient selectivity ahead of 
the first detector to discriminate against them. 
It is aggravated when the first detector circuit is 
off-tune for the desired signal frequency. The 
first detector therefore should be tuned as pre- 
cisely as possible to the desired-signal frequency. 
For further improvement in signal-image response 
ratio, a tuned r.f. stage, exactly like that shown 
earlier in the chapter and having a tuned circuit 
identical with that of the first detector, can be 
added ahead of the first detector. This also will 
improve the sensitivity of the receiver. Images 
also can be reduced by using a simple wave-trap, 
of the type described in Chapter Eleven, tuned 
to the image frequency (1000 kc. above signal 
frequency) and connected in the antenna lead as 
closely as possible to the receiver's antenna ter- 
minal. (QST, December, 1933). 

Quartz Crystal I. F. Filters 
As has been mentioned previously, high i.f. 

selectivity can be obtained by the use of a quartz 
crystal filter and such filters are used in a number 
of s.s. receivers, two commercially manufactured 
types of which are shown later in this chapter. 
When connected in a suitable series circuit, a 
quartz crystal having a resonant frequency cor- 
responding to the receiver's intermediate fre- 
quency is capable of several hundred times the 
selectivity obtainable in the usual transformer- 
coupled i.f. amplifier. The selectivity obtainable 
is, in fact, considerably greater than is practicable 
for some types of communication, especially 
'phone, unless means for modifying it are pro- 
vided. Such provision is made in the variable- 
selectivity filter developed by J. J. Lamb and de- 
scribed in several QST articles (August, 1932; 
March, June and November, 1933). 

As shown in the filter portion of the diagram of 
Fig. 530, the variable parallel impedance of the 
input transformer secondary in series with the 
crystal (which is equivalent to a bigh-Q electrical 
circuit) effects variation in the effective resist- 
ance in the crystal circuit, thereby varying the 
selectivity in accordance with the principles of 
resonant circuits discussed in Chapter Four. 
The applied voltage is proportional to the parallel 
impedance, increasing as the effective resistance 
increases, so that the effective sensitivity of the 
receiver for a single-frequency signal is but little 
affected over a selectivity (band-width) range of 
approximately 10 to 1. Minimum selectivity oc- 
curs, of course, with the parallel circuit tuned to 
resonance, when it is purely resistive, and maxi- 
mum selectivity when the parallel circuit is tuned 
to be considerably reactive. The crystal is con- 
nected in a bridge circuit to provide counter volt- 
age of controllable phase, through an adjustable 

condenser, so as to modify the resonance curve 
and shift the anti-resonant frequency of the crys- 
tal, thus giving particular rejection for an un- 
wanted signal (of a frequency from several kilo- 
cycles above to several kilocycles below the 
crystal's resonant frequency), in addition to the 
sharply peaked response given for the desired 
signal. 

Automatic Gain Control 

With the wide variation in signal strength and 
severe fading encountered in high-frequency re- 
ception there is considerable advantage in auto- 
matic gain (or volume) control in the receiver, 
with the receiver gain governed by the strength 
of the received signal. Such a system is applicable 
for 'phone reception, with a continuous carrier, 
but is not usefu for amateur c.w. reception 
where the carrier is intermittent. Although there 
is a wide variety of a.g.c. systems, all operate on 
the same principle; namely, that rectified and 
filtered carrier voltage is used to provide in- 
versely varying bias for the r.f. amplifier tubes of 
the receiver. This bias may be obtained from the 
detector circuit (QST, November, 1933), or from 
a separate tube having its grid excited by r.f. 
bled off from the second-detector input. Typical 
examples are shown in Figs. 528 and 530. 

Manufactured Superhets 

Because many amatems now purchase manu- 
factured amateur-type superhet receivers in 
preference to constructing their own, brief de- 
scriptions of three representative models are 
included in this chapter. Plan views and circuit 
diagrams are shown for reference in servicing and 
checking. 

Fig. 525 illustrates the amateur-type National 
FB7A superheterodyne. Immediately behind the 
horizontal h.f. oscillator plug-in coil shield (left) 
is the oscillator tube; behind the first detector 
coil shield (right) is the first detector tube. 
Behind these, in line from right to left, are the 
first i.f. transformer, first i.f. tube, second i.f. 
transformer and second i.f. tube. The second 
detector tube is in the rear-left corner, with the 
c.w. oscillator's shielded tank circuit, c.w. oscil- 
lator tube and pentode audio output tube to its 
right. Immediately below the vernier tuning knob 
is the projecting edge of the horizontal volume 
control disc. Above the tuning control is the 
frequency calibration chart for the amateur 
bands. To the right of the oscillator-first 
detector tuning condenser gang (center) is the 
trimmer for the first detector tuning which is set 
once for all ranges. Individual trimmers are 
included in each coil assembly, with screw- 
driver adjustment through the front end of the 
coil forms. 

Fig. 526 shows the circuit of the FB7A receiver 
In this diagram, and in the two following, figures 
adjacent to condensers indicate capacitance in 
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Mfd., those next to resistors indicate resistance in 
ohms. Values are given for assistance in servicing 
and are not intended as specifications for con- 
struction. Lettered values are as follows: Cj, 
105-Andd. variable condensers; Ct, coil trimmers, 
varying with type of coil, between 2-^/jfd. and 
115-wfd; Cs, 2-^fd. oscillator coupling condens- 
ers; C'«, TO-zi/dd. air-type i.f. timing condensers. 
This receiver is intended for a.c. operation from 
a separate power pack furnishing 2.8 volts a.c. 
and 180 to 250 volts d.c., the latter being recom- 
mended for maximum sensitivity and loud- 
speaker output. The i.f. is 
495 kc. 

The Hammarlund Single- 
Signal type "Comet Pro" 
with quartz crystal i.f. filter 
and automatic gain control is 
shown in Fig. 527. The first- 
detector plug-in coil (" W.L.") 
is housed by the large shield 
immediately behind its tun- 
ing condenser, to the right 
of the drum dial; the h.f. os- 
cillator coil ("Osc.") and tun- 
ing condenser are similarly 
located at the left. The re- 
spective tank padding con- 
densers are on the front panel, 
right and left of the dial. The 
h.f. oscillator tube is to the 
left of this assembly, the first 
detector to the right near the 
panel. The i.f. filter crystal 
assembly is on a small panel behind the main 
panel (not visible) with its input and output 
transformers in the shield at the front-right 
corner. To the rear of this are, in order, the second 
and third i.f. transformers, and the c.w. oscillator 
tank circuit. To their left are the first and second 
i.f. tubes, and the second detector, with the c.w. 
oscillator tube at the extreme rear. Behind the 
plug-in coil shields are the a.g.c. tube and its 

plate transformer. The receiver's power pack is 
at the left side, with the rectifier tube socket, left, 
of the a.g.c. transformer. The pentode output 
tube socket is the one remaining, near the antenna 
terminal strip (right) and speaker terminals 
(left) at the rear edge of the chassis. On the panel, 
in addition to the tuning controls, are (left to 
right) the tone control, 'phone jack, combined 
audio volume control and power switch, beat 
oscillator switch, manual gain control, the a.g.c. 
switch, filter switch and filter "elimination" con- 
trol. A metal cabinet houses the chassis. 

Fig. 528 is the circuit of the 
"Comet Pro" with crystal 
filter and a.g.c. In the 465-kc. 
i.f. filter, step-down input 
and step-up output trans- 
formers provide practically 
constant low impedance in 
the crystal circuit. The crys- 
tal is shorted by the switch 
for straight superhet opera- 
tion. The elimination-control 
condenser operates to shift 
the anti-resonant frequency 
of the crystal to reject an un- 
wanted carrier, with the crys- 
tal in circuit. 

Amplified automatic gain 
control for 'phone reception 
is provided by the 2B7 tube 
which acts as a combined r.f. 

FIG. 585 amplifier and diode rectifier. 
Its control grid is coupled to 

the output of the second i.f. stage. Amplified i.f. 
energy in its plate circuit is coupled to the diode 
circuit by the tuned-primary transformer. Recti- 
fied r.f. voltage developed across the resistor- 
condenser connected between the secondary of 
this transformer and ground is applied to the 
control grids of the i.f. ampUfier tubes through 
their return circuits, varying i.f. gain inversely 
as the carrier strength. The manual gain control 

A f AHP 2*0 I F Otl l»M F Ur OET 
spk« 

ni 
C4 

lrc ! :tI 
w 

£ :ooj jo o zoco 300 tOOOOO 
T 

v.v 10,000 ;o,ooo 

Ic, SW, V /5w. 20,000 M F OSC 
24/TcbA i ***>0 

c*0SCrisEE\ To all heater* 2o00c 

rn Tc, 

b- e- 

FIG. 586 



HIGH-FREQUENCY RECEIVERS 63 

is simultaneously operative to set the maximum 
sensitivity. The a.g.c. is cut off by the switch 
shorting the grid-return circuit to ground. 

Fig. 529 is a rear view of the National AGSX 
single-signal type superhet with preselector, 
variable-selectivity i.f. filter and automatic gain 

superhet operation), or connects it in parallel or 
in series, the latter for full single-signal operation. 
A panel control operates the double-section con- 
denser to vary selectivity with the crystal in series. 
To align the i.f. transformers in this type receiver, 
the plug-in crystal is removed and connected in a 
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control. The three variable tuning condensers of 
the h.f. circuits (r.f., first detector and oscillator) 
are contained in the shielded compartment and 
are driven by a rack-and-pinion mechanism oper- 
ated by the main dial. The coils, which plug in 
from the panel front, are individually shielded in 
the horizontal cans. The pre-selector coil assembly 
is at the right, the oscillator in the center and the 
first detector at the left, the respective tubes be- 
ing immediately below the coil shields. The i.f. 
filter circuit is at the left of the assembly, next to 
the panel. The i.f. circuits progress thence to the 
rear of the chassis and to the right, where are the 
c.w. beat oscillator and output stages. The beat- 
oscillator frequency control condenser is on the 
panel at the right. This model is intended for 
mounting on a standard 19-inch relay rack. 

The circuit of the AGSX Receiver, Model F., is 
shown in Fig. 530. The circuit is generally con- 
ventional with the exception of the 495-kc. i.f. 
filter and a.g.c. circuits. H.f. circuit constants are 
as in Fig. 526. The filter is of the variable band- 
width type, operating as explained earlier in the 
chapter. A switch shorts the crystal (for straight 

495-kc. crystal oscillator circuit of conventional 
type which serves as the test oscillator. The ad- 
justments of i.f. transformer tuning are made with 
the filter switch in the "off" position, of course. 

X 

* 

FIG. 5S8 

the alignment procedure being the same as has 
been described for conventional superhets. With 
the crystal back in the filter circuit, a steady sig- 
nal of local origin is tuned in precisely on reso- 
nance and the c.w. beat oscillator adjusted to a 
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frequency of about 1000 cycles above i.f. reso- 
nance, as indicated by the beat note. The receiver 
is then tuned "through zero beat" to a setting 
which gives an identical beat note "on the other 
side." The phasing condenser (rejection control), 
to the right of the filter in the rear view, is then 
adjusted to make this "audio image" signal of 
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minimum audibility. This procedure applies to 
any receiver using this t3'pe filter. 

Automatic gain control is provided by the 236 
tube whose control grid is coupled to the i.f. 
output. Variation in r.f. (carrier) signal voltage 
causes variation in its plate-cathode current 
which, flowing through its plate load resistor, in 
turn causes corresponding variation in the grid 
bias of the r.f. and i.f. tubes, thereby regulating 
their gain automatically. The manual control 
operates to set the bias on the a.g.c. tube, thus 
allowing adjustment for desired maximum sensi- 
tivity with the a.g.c. in operation; or giving com- 
plete manual control with the a.g.c. switch in the 
"M.V.C." position. 

Trouble Shooting 
The most useful instruments for locating faults 

in a defective receiver arc a multi-range ohmmeter 
and a high-resistance d.c. voltmeter. A simple 
combination ohmmeter and d.c. voltmeter suit able 
for general receiver testing is diagrammed in 
Fig. 531. As an ohmmeter it consists of the 0-1 
d.c. milliammeter, 3-volt battery, fuse and 2800- 
ohm resistor in series. The ends of the leads are 
tapped across the circuit whose resistance is to 
be checked. It is essentially a 3-volt voltmeter, 
giving full-scale reading when the terminals are 
shorted with the 3-volt battery in series. It can 
be used for fairly accurate measurement of 
resistances between the values given in the 
calibration table, which calibration can be marked 
on the meter scale or plotted on graph paper. 
The ohmmeter should never be connected across a 
circuit in which current is flowing; that is, the 
receiver power should be turned off when 
resistance measurements are made. 

As a four-range d.c. voltmeter it has a charac- 
teristic resistance of 1000 ohms per volt, with 
full-scale reading (1 ma.) on each range corre- 
sponding to the maximum voltage specified for 
that range, lesser voltages on each range being in 
direct proportion to the scale reading (80% 
maximum voltage at 0.8 ma., 50% at 0.5 ma., 
etc.). 

Lacking such an instrument, rough checks for 
circuit continuity (indicated by audible clicks) 
can be made with a pair of 'phones and a "B"- 
battery in series, connected across the circuit 
under check; or with a low-range d.c. voltmeter 
and battery in series. An a.c. voltmeter should be 
used for checking the line and filament voltages 
in a.c. operated sets. 

If the tubes do not light, check the filmament 
supply (transformer or battery) and connections. 
Zero voltage across the primary will result with a 
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blown fuse in the primary of an a.c. supply. 
Check the voltage at the socket terminals of a 
single tube that fails to light when others come 
on. If voltage checks OK, the tube may be burned 
out or there may be a defective contact in the 
socket. 

Unreasonable hum in an a.c. receiver usually 
indicates either an open filament center-tap re- 
sistor or a tube with low resistance (leakage) 
between heater and cathode. Such a tube should 
be replaced. Less likely causes of excessive hum 
are an open filter or by-pass condenser in the 
supply circuits, or a defective rectifier tube. An 
open receiving tube grid circuit also may cause 
bad hum, usually accompanied by low output 
and serious distortion. Periodic clicking accom- 
panied by poor sensitivity in a regenerative re- 
ceiver may indicate an open detector grid leak or 
one of excessively high resistance. Replace the 
leak, using one of lower resistance if necessary. 

If the filaments light but there is no output 
(set "dead"), first check the B-supply voltage 
and connections to the output stage. Even with 
no signal coming through there should be strong 
clicks when the headset or speaker is connected 
and disconnected. If the output circuit checks 
OK, clip a pair of "phones across the output of 
each preceding audio stage, including the detec- 
tor, until the signal is picked up, thus locating the 
circuit in which the fault lies. Check the tube, 
resistors, bypass and coupling condensers, etc., 
in the defective stage, both for shorts and opens, 
using an ohmmeter or its equivalent. 

If strong clicks result when the grid of the 
detector is touched, but there is no signal or only 
very weak signal output, it is likely that the fault 
is in a r.f. circuit ahead of the detector. Check 
the r.f. tube or tubes and the plate circuits of 
preceding stages for opens and shorts. An open 
secondary circuit or grid coil may cause periodic 
clicking like that resulting from a defective de- 
tector grid leak, in which case the grid circuit 
should be tested for open circuit with an ohmmeter 
or "phones and battery. If a circuit should test 
neither shorted nor open but does not "tune," 
look for a defective connection between coil and 
tuning condenser. 

Noticeably weak signal response will result 
with an open antenna coupling coil or open con- 
nection in the antenna-ground circuit. A shorted 
grid condenser, either in a detector circuit or a 
r.f. amplifier using capacitive coupling, will have 
the same effect. This ma}- be checked by remov- 
ing the grid resistor, which should cause the 
periodic clicking sound in the output. Shorts of 
this kind can be caused by a blown condenser or 
by soldering paste smeared between the termi- 
nals. Needless to say all soldered connections 
should be thoroughly wiped with a clean cloth to 
prevent such leakages. 

A regenerative receiver may "howl" just as 
the detector starts to oscillate. This "fringe 

howl" is most likely to result with transformer 
or impedance-coupled detector output and the 
best precaution against it is to use an audio trans- 
former or choke of the better grade rather than 
one of the cheaper type with inadequate primary 
windings. If it does occur with the transformer 
that must be used, however, it can be reduced or 
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FIG. 531 — A COMBINATION OHMMETER AND D.C. 
VOLTMETER SUITABLE FOR RECEIVER TESTING 

II may be assembled on a Bakelile panel in an insbument case. 
The 0-1 ma. d.c. milliammeler should be of the low-resistance 
type. Two flash-lishl cells in series serve as the battery. The re- 
sislors preferably should be "precision" type. A 1 100-amp. 
low-voltage type Litielfuse should be connected as shown. If it is 
omitted, the 2800-ohm resistor should be replaced by one of 
3000-ohms. The approximate ohmmeter calibration is as follows: 
Meter Scale (Ma.) Ohms 

1.0 0 
.96 100 
.85 500 
.75 1000 
.60 2000 
.50 3000 

Meter Scale (Ma.) Ohms 
.375 
.30 
.25 
.20 
.15 
.10 

5000 
7000 
9000 

12,000 
17,000 
27,000 

eliminated by connecting a resistor across the 
secondary of the audio transformer. In most 
cases a resistance of 100,000 ohms will be suffi- 
ciently low. A grid leak of lower value also may 
help in some cases. These expedients reduce the 
receiver output, of course, and must be considered 
as less desirable than the substitution of an audio 
coupler having better characteristics. 

"Scratching" noises that persist when the re- 
ceiver is untouched by the operator may have 
several sources. In a battery operated receiver 
they may result with A or B batteries in poor 
condition, either because of a defective (high- 
resistance) cell or cells, or because the batteries 
are nearly run down. The batteries should be 
checked with a voltmeter, while the receiver 
is turned on. Dry batteries should be replaced 
when the voltage becomes about 80% of normal 
rating. "Scratching" noise also can be caused by 
poorly soldered connections, loose lug terminals, 
a partially open resistor, a "leaky" condenser or 
defective tube socket contacts. Locate by moving 
the wiring with a piece of stick, by checking re- 
sistors and condensers with an ohmmeter and by 
"wobbling" the tubes in the sockets with the re- 
ceiver turned on. In some cases noises of this type 
is caused, when the receiver controls are manipu- 
lated, by a metal shaft or dial rubbing against 
the panel or some other metal object. If also may 
result from dirt between the plates of a variable 
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condenser or a poor contact in a variable con- 
denser or resistor. The latter types usually can be 
located by inspection. 

If the "scratching" ceases when the antenna 
and ground are disconnected its source is prob- 
ably outside the receiver, possibly in the antenna 
system (poor connections) or in other metallic 
objects touching or rubbing against the antenna 
conductors, or against each other without touch- 
ing the antenna. Any two wires in poor contact in 
or near the antenna can cause serious noise when 
blown about by wind. Noises of the type de- 
scribed should not, of course, be confused with 
ordinary atmospheric static and electrical inter- 
ference originating apart from receiver and 
antenna circuits. 

"Stringy quality" or poor base-note response 
usually can be traced to an open or inadequate 
bypass capacitance in a detector or audio ampli- 
fier circuit. Too-small capacitance across a cathode 
resistor is a common source. An open or too- 
small grid condenser in a grid-leak detector also 
may be the cause of this trouble. 

Servicing Superheterodyne Receivers 
In addition to the general receiver servicing 

suggestions given in the preceding section, there 
are a few others for troubles peculiar to superhet 
type receivers. Generally poor performance, 
characterized by broad tuning and poor sensi- 
tivity, calls for checking of the circuit tuning and 
alignment as previously described in connection 
with the adjustment of the five-tube receiver. 
The procedure is to start with the receiver output 
(audio) and work back through the second de- 
tor, i.f., and high-frequency circuits, in the order 
named. 

In case of oscillation in high-frequency ampli- 
fier and first detector circuits, as evidenced by 
squeals or "birdies" with varing of their timing, 
look for poor connections in the common ground 
circuits, especially to the tuning condenser ro- 
tors. Inadequate or defective bypass condensers 
in cathode, plate and screen grid circuits also can 
cause such oscillation. In some cases it mai' be 
advisable to provide a baffle shield between the 

stators of pre-r.f. amplifier and first detector 
ganged tuning condensers, in addition to the 
usual tube and inter-stage shielding. Improper 
screen-grid voltage, as might result with a 
shorted or too-low screen-grid series resistor, also 
could be responsible. 

Oscillation in the i.f. circuits, independent of 
high-frequency timing and indicated by a con- 
tinuous squeal when the gain is advanced with 
the c.w. beat oscillator on, will result from similar 
defects in i.f. amplifier circuits. Inadequate 
cathode resistor bypass capacitance is a very 
common cause of such oscillation. Additional 
bypass capacitance, 0.1 to 0.25 pfd., usually will 
remedy this type of oscillation. The same applies 
to screen-grid bypasses of i.f. tubes. 

"Birdies" and "mush" occurring with tuning 
of the high-frequency oscillator may indicate 
that it is "squegging" or oscillating simulta- 
neously at two frequencies. This may be caused by 
a defective tube, too-high oscillator plate or 
screen-grid voltage, excessive feed-back in the 
oscillator circuit or excessive gridleak resistance. 
If the latter, replace with a new resistor, using 
one of lower resistance if necessary. 

Excessive "hiss" may be caused by a de- 
fective h.f. or i.f. tube, by an open grid circuit, or 
by too-large first oscillator r.f. input to the first 
detector circuit. The first oscillator plate (or 
screen) voltage should be no greater than that 
necessary for good signal response and the coup- 
ling between oscillator and first detector should 
be the minimum required. It may be helpful to 
reduce the oscillator screen voltage, in the case of 
an electron-coupled oscillator, or the plate vol- 
tage in the case of a triode. The same symptoms 
and remedies apply to the c.w. beat oscillator and 
its coupling to the second detector. There should 
be some increase in hiss when the latter is switched 
on, of course, as a result of the i.f. noise compo- 
nents beating with the carrier it furnishes in the 
second detector. The oscillator input to the sec- 
ond detector should be just enough to cause a 
noticeable change in second detector plate cur- 
rent. (About 0.05 ma. increase in the case of a 
self-biased triode second detector, for instance.) 



Chapter Six 

MONITORS AND FREQUENCY METERS 

V-/NE might suppose that, hav- 
ing finished the receiver, the next piece of equip- 
ment to be built would be the transmitter. But 
before the job of adjusting a transmitter to 
maximum effectiveness can be tackled, the ama- 
teur must have some means of checking its per- 
formance — particularly, how it is going to sound 
to other amateurs — and of making certain that 
the frequency of the signals is inside the band in 
which the transmitter is supposed to be working. 
Without the facilities to determine definitely 
whether the frequency of his transmitter is within 
the limits of the band the amateur has no right 
in t he world to send even a single dot- 

It is fortunate that when the station has been 
equipped with a monitor which is nothing but 
a simple shielded oscillator — it is also provided 
with what is without doubt the cheapest and most 
effective apparatus for setting the transmitter 
frequency within the band. More elaborate in- 
struments, which we call frequency meters, can 
be constructed for precise frequency measure- 
ment, but an inexpensive mon- 
itor, intelligently used, will in- 
sure against committing the un- 
forgivable sin of amateur radio 
- working "off-frequency." 

Building a Monitor 
A monitor is a miniature re- 

ceiver, usually having only a 
single tube, enclosed with its 
batteries in some sort of metal 
box which acts as a shield. It 
need not be a costly or elaborate 
affair. The example shown in 
Fig. fiOl illustrates the simplic- 
ity of a typical monitor. The con- 
structional work probably would 
not occupy more than an hour 
or two. 

The requirements of a satisfac- 
tory monitor are not difficult to 
satisfy. It should oscillate stead- 
ily over the bands on which the 
station is to be active; the tuning 
should not be excessively critical, although the 
degree of band-spreading ordinarily considered 
desirable for receivers is not essential; the r.f. 
pick-up from the 'phone cord should be suffi- 
ciently nullified and the shielding complete enough 
to permit the monitor to be set near the trans- 
mitter and still give a good beat note when tuned 
to the fundamental frequency of the transmitter 
(this is usually impossible with the receiver be- 

cause the pick-up from power supply leads is so 
great); and it should be constructed solidly 
enough so that it can be moved around the sta- 
tion without the necessity for retiming when 
listening to a fixed signal. 

Almost anj' sort of metal can or box can be 
used as a shield for the monitor, provided it is 
large enough to contain the necessary com- 
ponents. The can shown in Fig. 601 is an ordinary 
cracker tin having a diameter of six inches; tins 
of this sort will be found in most homes or can be 
purchased in practically every grocery store. To 
disguise its origin and make it look like a piece of 
radio apparatus, the can has been given a coat of 
black lacquer. The circuit diagram of the monitor 
is given in Fig. 602. A Type 30 tube is used in a 
simple oscillating circuit; the number of parts 
required has been reduced to a minimum. 

All parts except the "A" and "B" batteries 
are mounted on the under side of the lid. The 
data under the circuit diagram includes a com- 
plete list of the material needed. The placing of 

FIG. 601 — AN INEXPENSIVE MONITOR BUILT IN A CRACKER TIN 
Th* simple eonshuctlon shown above Is lypieal. The monllor, despite its simplicity 

and low cost, Is an Indispensable piece ol station equipment. 

the parts is not especially important; they should 
simply be mounted so there is no crowding. The 
tube sockets into which the coil and tube are 
plugged are held to the lid by means of machine 
screws. 1 he tuning condenser, Ci, the switch, S, 
and the pin jacks for the 'phones come provided 
with mounting nuts. The pin jack which connects 
to the negative terminal of the " B" battery must 
be insulated from the lid, as indicated in Fig. 602. 
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Care must be taken to see that other wiring which 
is not "grounded" or connected to the lid, does 
not inadvertently touch any metal part of the lid 
or can. 

The "A" battery is a single 1.5-volt dry cell of 
the type that is used in tubular flashlights. The 
"B" battery is a small-size 223^-volt block, such 
as the Eveready No. 763. These two batteries are 
taped together and connected to the monitor 
proper with rubber-covered leads also taped 

Shield Can D' 

Connect/on 
t 

Type 30 

-7- B" — 

i 
i 

  j 

_T I 

P/n Jacks 

. —   ., This jack insulated . 
[ soldered to Ud—^ from the I id — 

FIG. 608 —WIRING DIAGRAM OF THE MONITOR 
The circuit comconents heve the following velues; 

Ci — 50-^ufd. (.00005 ufd.) midget verieble eondenier. 
C: — .002-^fd. fixed condenser. 
S — Single-pole toggle switch. 

Band Li L: 
1750 kc. 
3500 ke. 
7000 kc. 
14,000 kc. 

70 
35 
15 

5 

80 
10 
6 
4 

The coll forms are It^t inches in diameter. All coils are 
wound with No. 30 d.s.c. wire. 

Other materials required include two 4-prong tube sockets, 
a Type 30 lube, a pair of 'phone-tip lacks, a small-size SS'A- 
volt "B" battery (Eveready No. 763 or equivalent), and a 
single-cell 1,5-voll flashlight battery. Two or even three of 
these cells can be connected in parallel for longer life. 

The colls Li and L: are wound on the same plug-in coll form 
(4 prong) and are wound In the same direction, Li at the upper 
end of the foim. The upper terminal of Li connects to the grid 
of the tube, the lower terminal to the filament of the lube; 
the terminal of L; nearest Li goes to the positive side of the 
"B" battery and the remaining terminal to the plate of the 
lube. The arrangement of the pins on the form may be any- 
thing convenient. 

together. This is necessary to keep the battery 
leads from moving or vibrating after the monitor 
has been assembled, since movement or vibration 
of the leads will affect the frequency of oscillation 
and destroy the usefulness of the device in check- 
ing the quality of the transmitter signal. Cotton 
batting or wadded paper may be packed around 
the batteries when they are placed in the bottom 
of the container so that they will not move when 
the monitor is carried around. Any paint that 
may be on the upper lip of the can^nhould be 
scraped off so the lid will make gdod electrical 
contact to the body of the can when thewnonitor 
is assembled. If the contact is poor the shielding 
will be impaired and the monitor is likely to be 
noisy and unstable in operation. 

Many amateurs make a practice of continu- 
ously monitoring all their transmissions — a 
good idea not only because a constant check is 
kept on the frequency and the note, but because 
listening to one's own keying makes for accurate 
and clean-cut sending. When this is done, how- 
ever, the monitor must operate without interrup- 
tion over rather long periods, which increases the 
strain on the "A" battery. In such cases it is 
advisable to use a larger shield box or can so that 
a full-size No. 6 dry cell can be accommodated. 
A single No. 6 cell will operate a monitor of the 
type illustrated for a matter of months with 
ordinary use. 

The data under the diagram should be used 
chiefly as a guide, because it may be found that 
slight changes in the number of turns on the 
plate coils will be required to maintain smooth 
oscilbtioQ over the entire tuning range, since the 
monitor has no regeneration control. 

Installation and Adjustment 
A monitor has two functions to perform, the 

first being that of providing a means of listening 
to the transmitter signal under conditions similar 
to those at distant receiving stations; that is, with 
the signal weak enough so that its tone and gen- 
eral characteristics can be distinguished readily. 
The second function is that of acting as a small 
transmitter radiating a weak signal which can be 
picked up in the regular receiver for the purpose 
of aiding in setting the transmitter frequency by 
the mOTtod described in a subsequent section. 

In order to make full use of the monitor it must 
be placed carefully with respect to the receiver 
and transmitter so that the signal in it from the 
transmitter is not too loud and so that the signal 
produced by it in the receiver also is of reasonable 
strength. If the receiver is located several feet 
from the transmitter a satisfactory location for 
the monitor will be found alongside the receiver. 
If the receiver is across the room from the trans- 
mitter it will be necessary to move the monitor to 
a spot convenient to the transmitter whenever 
adjustments are to be made. Of course, the mon- 
itor can be placed alongside the receiver for 
frequency setting and monitoring of the trans- 
mitter during transmissions. It may be found 
that the pick-up with the lid of the shield closed 
is not enough to give a pleasantly loud signal. 
In such a case the lid can be opened until the 
required signal strength is obtained, and then 
left in that position for monitoring. 

It is a very worthwhile plan to fit the receiver 
w^h a small double-pole double-throw switch so 
that the 'phones can be thrown from the receiver 
to the monitor. In this way it is possible to moni- 
tor all ti^gAissions simply by flipping over the 
switch when (^change is made from the trans- 
mitter to the receiver. Ordinarily the transmitter 
makes- a tremendous and very uncomfortable 
thump inn he receiver 'phones during operation. 
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If it is possible to throw the 'phones over to the 
monitor this thump is then replacerl by a moder- 
ate signal which will b&almost p. replica of the 
signal that the other fellow has to copy. This 
makes for much snappier and more readable send- 
ing and provides a continuous check on the sig- 
nal. Should anything go wrong with the trans- 
mitter or antenna to cause the frequency to 
change, the trouble is immediately apparent. 

Checking the Transmitter Frequency 
In the absence of more elaborate frequency- 

measuring equipment, a monitor is an absolute 
necessity in the highly-important operation of 
setting the frequency of a self-excited transmit- 
ter (or oscillator-amplifier transmitter with a 
self-controlled oscillator) within an amateur 
band. While not wholly essential for this purpose 
when the transmitter is crystal-controlled — 
provided the crystal frequency is accurately 
known—the monitor is desirable for keeping 
watch on the quality and stability of the 
signal. 

Before any frequency checking can be done, 
however, it is necessary to calibrate the receiver 
tuning dial in terms of frequency. After the re- 
ceiver has been in use for a little time the loca- 
tions of the amateur bands are pretty definitely 
known, because large numbers of amateur sta- 
tions can be heard working on the more important 
bands at almost any hour. First get the receiver 
working on the band in which the transmitter is 
to be set and note the limits between which ama- 
teur stations are heard. Often high-power com- 
mercial stations will be heard working just out- 
side these limits, and the frequencies of these 
stations caa be looked up in lists such as the one 
in the Radio Amateur Call Book. Similar lists are 
also occasionally poblished in QST. These com- 
mercial stationa generally are accurately set on 
their assigned frequencies and furnish a means for 
making an approximate calibration of the receiver. 
Amateurs call them, appropriately enough, 
"marker stations." 

Xq specific examples will be given here because 
the frequency assignments are changed from 
time to time, and the latest call book should be 
consulted for accurate information. Suppose, how- 
ever, that a station is heard whose frequency, as 
shown by the list, is 6980 kc. This is only 20 kc. 
outside the 7000-kc. band, and therefore serves as 
an approximate marker for the 7000-kc. end. On 
the high-frequency end of the band we might find 
a station listed at 7350 kc. which will help in locat- 
ing the 7300-kc. limit. Obviously the transmitter 
cannot be tuned to all frequencies between these 
two markers because both are somewhat removed 
from the actual limits of the band, and it would 
easily be possible for the transmitter to be set to 
some frequency not assigned to amateurs. Due 
allowance must therefore be made for the fact 
that marker stations are never actual markers of 

the band limits, but are outside the bands by an 
appreciable amount. 

The receiver may be calibrated roughly by 
picking up a number of such marker stations at 
various frequencies near the amateur bands and 
plotting the tuning-dial readings for each fre- 
quency, in the fashion shown in Fig. 603. The 
regular transmissions of A.R.R.L. Standard Fre- 
quency Stations will provide calibration points at 
the edges of bands and at several intermediate 
points, as described later in this chapter. The 
general shape of the curve can be determined 
from the plotted points and drawn in. In the illus- 
tration shown the actual limits of the band would 
be at 44 and 83 on the tuning dial, although the 
nearest marker stations are outside these limits. 
A curve plotted in this way is not entirely accu- 
rate, but. is good enough to show approximately 
where the band lies. 

After the band limits have been determined to 
a fair degree of certainty, a suitable working spot 
should be picked within the band and the re- 
ceiver left running at that setting. The monitor 
now should be put into operation. If an extra 
pair of 'phones is not available a spare plug with 
its contacts shorted by a piece of wire may be 
plugged into the monitor so that its plate cir- 
cuit will be closed. Next tune the monitor con- 
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FIG. 603—SAMPLE CALIBRATION CURVE 
made from calibration points supplied by commercial "marker" 
stations. Such a curve may be made for the receiver or monitor, 
and will aid in determlnins the limits of the amateur bands. It is 
impossible to measure frequency exactly with this type of cali- 
bration, so the transmitter should be set well inside the indicated 
limits to be certain that all transmissions will be Inside the band. 
Each of the above blocks represents a half-inch square on or- 
dinary cross-section paper. The Inlermediale lines are not shown 
because of the difficulty of reproduction in printing. 
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denser slowly across the band, stopping when the 
signal from it is heard in the receiver. The moni- 
tor will now be set exactly on the frequency to 
which the transmitter is to be tuned. If no signal is 
heard, check the monitor to make sure it is oscil- 
lating (the same tests should be applied as were 
described for oscillating detectors in Chapter 
Five), move it closer to the receiver, or open the 
lid so that the shielding will not be so great. Make 
certain that the right coil is in the monitor. 

With the monitor setting determined, transfer 
the headset from the receiver to the monitor, 
start up the transmitter, set its tuning controls at 
approximately the point where the band should 
be, and tune carefully until a signal from the 
t ransmitter is heard in the monitor. Set the trans- 
mitter frequency to "zero beat" — the silent 
space between the two beat notes — and the 
transmitter frequency will be exactly on the spot 
picked out. Since the calibration obtained as de- 
scribed above is only approximate, the frequency 
upon which the transmitter is set should be well 
inside the limits indicated by the calibration 
curve. Take no chance of operating outside the 
band. 

This method does not provide the means for 
setting the transmitter on any definite frequency 
unless there is a known station there to mark it, 
but it does enable the transmitter to be timed to, 
say, the center of the band, to a spot a quarter of 
the way from the top, or to any roughly esti- 
mated point. It is not often that the amateur finds 
it essential to tune his transmitter to within a 
few kilocycles of a given frequency but if such is 
the case there are means involving greater diffi- 
culties which can be used. They will be detailed 
later. The prime requisite usually is to have the 
transmitter within the limits of the band and 
perhaps in some particular section of it. For this 
work the simple monitor is all that is necessary. 

Absorption Frequency Meters 
Setting the transmitter frequency as described 

above is subject to a possible error which, particu- 
larly with high-power transmitters, may lead to 
off-frequency operation unless the approximate 
transmitter-control settings for the band are 
known. All vacuum-tube oscillators, in addition 
to generating oscillations at the frequency to 
which the coil and condenser tune, also set up 
harmonics, or oscillations at other frequencies 
which are integral multiples of the frequency set 
by the coil and condenser (the fundamental 
frequency). For example, a 1750-kc. oscillator 
will have harmonics at twice 1750 kc., or 3500 kc., 
at three times 1750 kc., or 5250 kc., at four times 
1750 kc., or 7000 kc., and so on. If this oscillator 
is a monitor, it will pick up signals from a power- 
ful transmitter set to any of this series of fre- 
quencies, although the signal will be weaker the 
farther it is in frequency from the fundamental. 

This sometimes leads to off-frequency opera- 

tion, because the total tuning range will be large 
in a transmitter circuit using a large variable 
condenser and a small inductance, as nearly all 
self-controlled oscillators do. As an illustration, 
suppose a self-controlled high-C oscillator such 
as one of those described in Chapter Seven is to 
be tuned to a frequency in the upper half of the 
3500-kc. band; say, 3800 kc. The second har- 
monic is 7600 kc.; it is possible for the monitor 
to pick up signals on either of those frequencies if 
the transmitter power is high and the monitor is 
close to the transmitter. Unless the operator is 
thoroughly familiar with the tuning of his trans- 
mitter it would easily be possible for him to set 
the transmitter on 7600 kc. — which is not in- 
cluded in any amateur band — under the impres- 
sion that he was putting it on 3800 kc. 

An error of this sort can be discovered very 
readily by the use of an absorption frequency 
meter. This consists simply of a coil and con- 
denser, often with a small flashlight lamp in 
series although the lamp is not strictly necessary. 
See Fig. 604. Such a frequency meter can be 
made from spare parts to be found in every 
amateur station and is well worth the few min- 
utes' time involved in building it. Although it 
is not adapted to accurate frequency measuring 
nor to setting the transmitter frequency inside 
the band once the approximate settings of the 
transmitter controls are known, it can be useful 
in a variety of ways. 

A series of coils should be provided for the 
absorption meter so that it will cover a continu- 
ous frequency range from about 1500 kc. up to 
the highest frequency likely to be needed — 
perhaps 20,000 kc. A rather large condenser 
should be used; a variable with 350 MMfd. maxi- 

mum capacity is 
about right. Coils 
to cover the range 
with a condenser of 
this size may be 
made as shown in 
the table below. The 
frequency ranges 
are approximate 
only. The specifica- 
tions are for coils 
wound on a two- 
inch form with No. 
20 d.c.c. wire, no 
spacing between 
turns. 

Lamp 

FIG. 604 — ABSORPTION 
FREQUENCY METER CIRCUIT 

An Absorption meter cen be 
nude in e few minutes from an old 
variable condenser, C, having a 
maximum capacity of about 350 
Mifd., and a series of colls, L, to 
cover a large range of frequencies. 
The meter should be arranged so 
that the coils are readily inter- 
changeable, although the con- 
struction need not be elaborate. 
The lamp acts as a resonance In- 
dicator when the absorption meter 
is used with a transmitter, its use is 
not essential, although it is a con- 
venience. The absorption meter is 
not adapted to accurate measure- 
ment of frequency but is helpful in 
approximately locating an un- 
known frequency, as described in 
the text. 

Range Turns 

1500-5000 kc. id 
S000-10,000-kc. 10 
6000-20,000 kc. 5 

It is not necessary 
to have calibration 
curves for these coils 
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nor even to have permanent calibration points. 
The use of the meter can best be explained by 
continuing the example already cited. To make 
sure that the transmitter is actually on 3800 kc. 
and not 7600 kc.f the coil which covers the range 
from 3000 to 10,000 kc. should be connected to 
the condenser and coupled loosely to the tuning 
coil in the detector circuit of the receiver. Set 
the receiver to 3800 kc. with the detector os- 
cillating gently and turn the dial on the absorp- 
tion meter condenser. At some point toward the 
high-capacity end of the condenser the meter 
will absorb enough energy from the detector to 
cause it to stop oscillating. Move the meter a 
little farther away until this occurs at one very 
definite point on the meter dial. The meter will 
then be set approximately to 3800 kc. 

Now turn on the transmitter and couple the 
meter, without changing its dial setting, to the 
transmitter tank coil. When the meter is equipped 
with a lamp indicator, the lamp will glow if the 
transmitter is tuned to 3800 kc. Always use the 
loosest possible coupling in making this kind of 
test; that is, keep far enough away from the tank 
coil so that the lamp shows only a faint glow at a 
definite point on the meter dial. A "broad" 
indication, or one in which the lamp lights over a 
considerable range of meter tuning, is not nearly 
so good. Should the meter be without a lamp 
indicator, the same effect can be obtained by 
watching the plate milliammeter on the trans- 
mitter. It will show a slight increase as the 
absorption meter is tuned through resonance 
with the transmitter. 

Continuing the example, if no indication of 
resonance appears when the meter is coupled to 
the transmitter, the chances are that the trans- 
mitter is tuned to a harmonic of the monitor in- 
stead of to its fundamental frequency. This can 
be checked by decreasing the capacity of the 
condenser in the meter, upon which the indica- 
tion should appear toward the low-capacity end 
of the scale. If the receiver can tune to 7600 kc. 
the order of the frequency to which the trans- 
mitter is tuned can be checked quite easily by 
following the method described in the paragraph 
second above, this time varying the detector 
tuning and holding the absorption meter con- 
denser setting constant. 

An absorption meter is also useful when, as 
somet imes happens, a doubling stage in a crys- 
tal-controlled transmitter is accidentally tuned 
to the third harmonic instead of the second. A 
few minutes spent in checking often will prevent 
off-frequency operation. 

More Precise Methods 
So far we have outlined the simple procedure 

necessary to determine definitely whether the 
transmitter frequency is within the limits of the 
band and roughly in what part of the band it is 
located. Many amateurs will be interested in 

knowing how a transmitter can be tuned to 
within a few kilocycles of a given frequency. For 
this work some calibrated standard will be nec- 
essary against which to compare the frequency 
of the transmitter. Such a standard is the hetero- 
dyne frequency meter. 

The heterodyne frequency meter somewhat 
resembles the monitor in that it is a small os- 
cillator, completely shielded, but the refinement 
and care in construction is carried to a high de- 
gree so that the frequency meter can be accu- 
rately calibrated and will retain its calibration 
over long periods of time. The oscillator used in 
the frequency meter must be very stable; that is, 
the frequency of oscillation at a given dial setting 
must be practically the same under any condi- 
tions. No plug-in coils are used in the frequency- 
meter; one solidly built and firmly mounted coil 
is permanently installed in it, and the oscillator 
covers one band only. A low-frequency band is 
used for this purpose, and when the meter is to be 
used on the higher-frequency bands its harmon- 
ics instead of the fundamental oscillation are 
used. The single coil can be mounted in a much 
more solid fashion than could plug-in coils, and 
since it is not subject to continual handling such 
as plug-in coils receive, the turns will not be 
loosened or pulled out of place. 

The frequency meter must possess a dial which 
can be read precisely to fractions of divisions. 
To obtain accuracy it is necessary to read the 
scale to at least one part in 500; ordinary dials 
such as are used for receivers are not capable of 
such precision. The National 4" Type N and 6" 
Type N and NW dials are provided with vernier 
scales for reading to a tenth of a scale division 
(one part in 1000), and are well suited to this 
work. The General Radio 704 and 706 series dials 
also are excellent. There are a few other good 
dials on the market. Care should be used to select 
one which has fine lines for division marks, and 
which has an indicator very close to the dial scale 
so that the readings will not be different when the 
dial is viewed from different angles. 

The frequency meter also can be used as a 
monitor if desired with a resulting simplification 
in checking transmitter frequency. For maximum 
accuracy, however, the frequency meter should be 
left permanently in a fixed place on the operating 
table, since handling the meter may jar it enough 
to destroy its calibration unless it is very solidly 
constructed. A monitor, on the other hand, is a 
much handier instrument if it can be carried 
around when tests or adjustments are being made 
on the transmitter. 

The Electron-Coupled Frequency Meter 
One of the most stable oscillator circuits, elec- 

trically, that has been devised, is the electron- 
coupled oscillator circuit. In this circuit the oscil- 
lation frequency is practically independent of 
moderate variations in supply voltages, provided 
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the plate and screen voltages applied to the 
screen-grid tube used are properly proportioned. 
Variations in plate and filament supply voltages 
constitute probably the greatest source of fre- 
quency change attributable to electrical causes in 
vacuum tube oscillators. Furthermore, by using 
the grounded screen grid as the anode in the 
oscillatoiy circuit, the other elements in the tube 
are electrostatically shielded from the plate, just 
as they are in an ordinary receiving screen-grid 
amplifier, and it becomes possible to take output 
from the plate circuit with practically no reaction 
on the frequency of the oscillator. This is a fea- 
ture of great value, because it means that the 
frequency meter can be coupled to the receiver 
with no danger of changing its calibration. A 
third feature of the electron-coupled oscillator 
which makes it ideally suited to use in frequency 
meters is that strong harmonics are generated in 
its plate circuit so that the meter is useful over an 
extremely wide range of frequencies. 

Circuit diagrams for electron-coupled fre- 
quency meters are given in Figs. 605 and 606. 
The former is for use with tubes having indirccth'- 
heated cathodes, such as the 24-A, 35, and 36. 
Fig. 606 is a circuit for filament-type tubes such 
as the 32. With these tubes it is necessary to pro- 
vide an extra winding, Lj, in series with one leg 
of the filament so that both filament terminals 
will be at the same r.f. potential. In general, the 
types of tubes just mentioned (all of them are 
four-element tubes, or tetrodes) will be better 
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FIG. 605 — CIRCUIT OF THE ELECTRON-COUPLED 
FREQUENCY METER 

This circuit it for use with indirectly heeled tubes such es the 
24-A end 36. 
Ci — Band-spread condenser, minimum capacity 53 w-fd., 

maximum capacity, 81 urifd., approximately. (Such at 
General Radio Type 556.) 

Cj — 250-/irifd mica condenser. 
Ci — Approximately 10 we'd. See text for details. 
C« — .Ot-rrfd. mica by-pass condenser. 
Ri — 100,000-ohm grid leak. 
R- — 50,000-ohm 1 -wall retitlor, pigtail type, non-inductive. 
J — Closed-circuit 'phone jack. 
S — On-off switch, s.p.t.l. 
Li — Approximately 90 turns of No. 30 d.t.e. wire dose- 

wound on a 1-inch bakelite tuba, tapped at the 30th turn 
from the grounded end. A few more or less turns may be 
needed to spread the 1750-kc. band over the dial scale to 
the best advantage. 

suited for use as electron-coupled oscillators than 
the screen-grid pentode receiving types such as 
the 34, 39-44, and 78, because in these types the 
suppressor grid, connected to the cathode inside 
the tube, nullifies the shielding when the tube 
is used as an electron-coupled oscillator. The 77, 
57 and 58 will be satisfactory, however, because 
the separate base connection of the suppressor 
grid makes it possible to tie this grid either to 
ground or to the regular screen grid. 
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FIG. 606--ELECTRON-COUPLED FREQUENCY METER 
CIRCUIT FOR USE WITH DIRECTLY-HEATED TUBES SUCH 

AS THE 32 
Tha circuit Is essentially the same as that of Fig. 605 except 

that both sides of the filament must be fed through coils to prevent 
grounding the filament. Li has the same specifications as in Fig. 
605. Li has the same number of lums as the lapped portion of Li. 
It may be wound over the corresponding part of Li or directly on 
(he coil form between tha lums of the lapped portion of Li. The 
other components have the same values as in Fig. 605. In this 
circuit the filament switch as well as the output binding post and 
'phone jack must be insulated from the shield. 

Mechanical considerations are most important 
in the construction of a frequency meter. No mat- 
ter how good the instrument may be electrically, 
its accuracy never will be good if it is flimsily 
built. Mount everything solidly; make connec- 
tions with stiff wire and place all leads so they 
cannot be moved in the course of ordinary han- 
dling. Thoughtful care in the construction of the 
frequency meter makes the difference between 
the precise instrument and just an ordinary 
oscillator. 

The construction of the two-tube frequency- 
meter monitor shown in Figs. 607 and 608 is 
illustrative of good practice in building a fre- 
quency meter. The same layout can, in fact, be 
followed in using the circuit diagrams of Figs. 
605 and 606, even though the separate detector 
tube is not used. 

It is desirable to design the frequency meter so 
that the oscillator operates in the 17I5-2000-kc. 
band, with a "spread" such that almost the en- 
tire dial scale is used to cover the band. While the 
specifications for the oscillator inductance under 
Fig. 605 will be found to work out closely, it may 
be necessary to add or subtract a few turns to 
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get the band-spread just right. For the higher- 
frequency bands harmonics of the oscillator are 
used. Thus the second harmonic will cover the 
3500-4000-kc. band, the fourth the 7000-7300-kc. 
band over part of the scale, and so on to the high- 
est frequencies used by amateurs. Strong har- 
monics can be taken from the frequency meter 
even on the 56,000-kc. band, which is the highest- 
frequency band amateurs have used for practical 
communication. 

The cathode tap on the coil In usually will be 
set at about % the length of the coil from the 
grounded end. The location of the tap is not 
critical, but if too many turns are used between 
cathode and ground it sometimes happens that a 
species of multiple oscillation will be set up, cor- 
responding to the howl a regenerative detector 
will give if too much regeneration is used. This 
results in the production of an extended series of 
beats on either side of the desired one. Such a 
condition can easily be cured by moving the 
cathode tap toward the ground end of the coil 
or by using a grid leak, K\, having a lower value 
of resistance. When the coil has been completed 
and the tap correctly placed the winding should 
be coated with lacquer or collodion to hold the 
wires firmly in place. 

The coupling condenser, Cj, in Figs. 605 and 
006 should have very small capacity—about 10 
to 15 micromicrofarads. A midget variable con- 
denser will do - both sides must be insulated 
from the shield—or a small "trimmer" con- 
denser can be used. Alterna- 
tively, a suitable condenser 
can be made from two pieces 
of metal strip measuring ap- 
proximately one-half by one 
inch, arranged to face each 
other with a space of about 
Yi inch between their sur- 
faces. 

The signal from the fre- 
quency meter can be fed into 
the receiver by connecting a 
wire from the output post on 
the meter to the antenna 
post on the receiver. This 
will give strong signals on 
all harmonics; in fact the 
signals may be stronger than 
is deemed desirable. If this 
should be the case the wire 
from the output post can be 
disconnected from the re- 
ceiver but left in the vicinity 
of the receiving lead-in. Sat- 
isfactorily loud signals from 
the frequency meter ordina- 
rily can be obtained even 
with such loose coupling. 

The frequency-meter can 
be used as a monitor by 

: .. - 

FIG. 607 —TYPICAL FREQUENCY 
CONSTRUCTION 

Thi> pholograph is a panel view of the two-tube 
ffequency-metef-monilof described in the text. 
Among the essentials in frequency-meter design are 
mechanlcel construction of high stebillty and the 
use of a die) having e true vernier scale. 

connecting a pair of headphones in the screen 
circuit through the medium of the jack, J. 

When the frequency meter is first turned on 
some little time is required for the tube to reach 
its final operating temperature, and during this 
period the frequency of oscillation will drift 
slightly. Although the drift will not amount to 
more than two or three kilocycles on the 3500-kc. 
band and proportionate amounts on the other 
bands, it is desirable to allow the frequency meter 
to "warm up" for about a half hour before cali- 
brating, or before making measurements in which 
the utmost accuracy is desired. This applies par- 
ticularly with indirectly-heated tubes. The di- 
rectly-heated tubes, because of the smaller fila- 
ment power required, warm up much more 
quickly. The on-off switch in Fig. 605 is a useful 
adjunct to the rneter because the "B" supply can 
be cut off independently of the filament supply, 
permitting the operator to keep the frequency 
meter up to temperature without wasting "B" 
current when no measurements are being made. 

With careful construction, a good readable dial, 
and an accurate calibration made as described in 
a later section, measurements made with the 
electron-coupled frequency meter can be de- 
pended upon to be accurate to within 1 part in 
1000, or one-tenth of 1%, an accuracy more than 
sufficient for amateur work. 

A Combined Frequency Meter-Monilor 
Although an electron-coupled frequency meter 

constructed according to the 
diagrams, Figs. 605 or 606, 
can be used as a monitor as 
explained in the previous 
section, the monitoring func- 
tion will be performed more 
satisfactorily if a separate 
detector tube is added to 
the unit. Installation of the 
extra tube will result in a 
stronger signal for monitor- 
ing purposes, and will elim- 
inate such slight changes in 
oscillator frequency as may 
be occasioned by plugging 
the headphones into the plate 
lead of the oscillator. The 
separate detector adds little 
to the cost of the frequency 
meter. 

A combined frequency 
meter-monitor of this type 
is illustrated in Figs. 607 and 
60S. The circuit diagram is 
given in Fig. 609. The circuit 
diagram of the oscillator is 
the same as that of Fig. 605 
up to the "output" termi- 
nals, where condenser (\ re- 
places Ci in Fig. 605. The os- 

METER 
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dilator output is fed into the grid circuit of a Type 
56 tube connected as a plate or grid-bias detector. 
This tube operates both as an amplifier of the 
radio-frequency output of the oscillator and as a 
detector when the oscillator output or one of its 
harmonics is made to beat with the signal from 
the transmitter. A convenient method of switch- 
ing the headphones from the 
receiver to the frequency- 
meter-monitor also is shown 
in Fig. 609. 

The construction of the 
unit should be evident from 
the two photographs. The 
case is a sturdy aluminum 
box measuring 10 by 6 by 5 
inches. An aluminum shelf 
bolted to the panel holds all 
the parts. The oscillator and 
detector tubes are at the 
right in Fig. 608; at the 
center are the two tuning con- 
densers, Ci and Ci, Cj being 
used as an adjustable fixed 
section to set the minimum 
capacity in the circuit to 
spread the 1750-kc. band 
over most of the dial scale. 
It need only be adjusted 
when the frequency meter is 
first built, and therefore is not 
controllable from the front of 
the panel. The grid con- 
denser, Cj, and grid leak, R\, 
are mounted by a small 
bracket on the upper stator-plate terminal of C'j 
to make a short, direct connection to the grid of 
the 24-A oscillator tube. To the left of Ci and Ci, 
near the shelf, is the oscillator coil, L\. By-pass 
condensers and resistors are mounted underneath 
the shelf, together with a cable socket for the 
heater and plate-supply connections. 

If desired, it is possible to include a power sup- 
ply for the frequency meter-monitor in the same 
cabinet if the space for a small power transformer 
and a compact rectifier-filter is available. Since 
the plate current requirements of a unit of this 
type are very low — about two milliamperes at the 
most — a simple filter of the resistance-capacity 
type will be sufficient. The power transformer can 
be of the midget type. As a general rule, however, 
it is better to use a separate power supply because 
of the possibility of vibration and hum pickup 
from the power unit. Alternating current can be 
used on the tube heaters in conjunction with 
"B" batteries, or all the power can come from a 
receiver power unit — from the same unit used 
with the receiver, in fact. 

Calibrating the Frequency Meter 
When the frequency meter is finished it must 

be caUbrated before it can be put into service. 

After its tuning range has been checked to be 
certain that it covers the 17o0-kc. band with a 
little overlap at each end, an approximate calibra- 
tion may be made using marker stations. These 
markers may be near any of the amateur bands, 
not necessarily only in the vicinity of 1715 and 
2000 kc. For example, stations in the vicinity of 

4000 kc. can be used as 
markers, the actual frequency 
of the station being divided 
by 2 to get the calibration 
point since the second har- 
monic of the frequency meter 
is being used. Again, marker 
stations near 7000 kc. can 
furnish points for the low- 
frequency end of the scale, 
the calibration frequency be- 
ing the marker station fre- 
quency divided by 4 because 
the checking will be done on 
the fourth harmonic of the 
frequency meter. A large 
number of points can be 
secured in this way for the 
purpose of making up a pre- 
liminary calibration. 

The general procedure is 
to tune in the marker station 
on the receiver with the de- 
tector oscillating, then back 
off the regeneration control 
until the detector stops oscil- 
lating but is still giving a 
great deal of regenerative 

amplification, just as if a 'phone station were being 
tunedin. Withasuperhet receiver the signal would 
first be tuned in with the beat oscillator on; after 
setting the receiver to zero Beat with the incom- 
ing signal the beat oscillator should be shut off. 
The dial'on the frequency meter should now be 
turned until the signal from the meter is heard to 
beat with the marker station signal. This amounts 
to using the frequency meter as a separate hetero- 
dyne. Adjust the frequency meter to give zero beat 
with the marker signal and note the dial reading. 
The cahbration point will be the marker station 
frequency divided by whatever harmonic of the 
frequency meter is being used. A number of these 
points will give a complete-enough calibration to 
make possible the drawing of an approximate 
calibration curve on regular graph paper. 

After this approximate curve has been con- 
structed, the current issue of QST should be con- 
sulted for information as to the next transmission 
of standard frequencies for calibration purposes. 
These transmissions are given once or twice each 
week by the stations comprising the A.R.R.L. 
Standard Frequency System. A word about the 
A.R.R.L. Standard Frequency System is in order 
here because the service is unique in the radio 
world. The Standard Frequency System consists 
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FIG. 608 —AN INTERIOR VIEW OF THE 
TWO-TUBE E. C. FREQUENCY-METER-MON- 

ITOR 
Careful attention to tmall details of conitruetion 

it repaid by a high order of accuracy in the fre- 
quency meter. 



MONITORS AND FREQUENCY METERS 75 

^ ■Shielding 24 A 

V 
!  J ^ 

c. 

3 
C« 

-8 5W 
0=- 

A/tt Liaht 

Z/jV AC fAS 4»0 H35V 
FIG. 609 — CIRCUIT OF THE TWO-TUBE FREQUENCY-METER-MONITOR 

Ci — 3-pl*U Cardwtll Midway Typa 401-B, maximum capacity 26 wfd., minimum 
capacity 7 wjifd. (Saa taxi.) 

Cj — 5-plata Cardwall Midway Type 402-B, maximum capacity 50 mmW., minimum 8 uM. 
Ca — .0001-ufd. fixed condaniar. 
C«, Ca, Ca, C?, — .01-mW. fixed by-pass condensefs. 
Ci — 40-M4W, fixed couplins condensat. 
C» — .25-ufd. fixed condenser. 
Ri — 100,000-ohm 'A-watl site. 
Rs — 100,000-ohm 1 -watt size. 
Ri — 1 -masohm 1 -watt site. 
R» — 100,000-ohm 1-watt size. 
Li — 79 turns No. 30 d.t.e. wire on a 1-inch diameter lube. Cathode tap should be at 

23rd lum Rom "ground" end. The heater and "B" supplies may be Rom the 
receiver power pack. 

of three stations, especially licensed to transmit 
calibration signals for amateur use, located in 
different geographical sections of the United 
States. Each of the stations is equipped with a 
frequency standard which is accurate to better 
than one part in 10,000 or .01%. These individual 
standards have been calibrated directly against 
the national frequency standard located in the 
laboratory of the Bureau of Standards at Wash- 
ington, and the calibration signals transmitted 
for amateurs are therefore based on the national 
frequency standard. Every amateur is urged to 
make the fullest possible use of the transmissions. 
In general the transmissions consist of signals 
which mark accurately the limits of the 3500-, 
7000- and 14,000-kc. bands with intermediate 
points at 100 kc. intervals. 

The date and exact form of each transmission 
are indicated in each issue of QST. The transmis- 
sions generally take the form of an eight-minute 
period for each frequency. The first part of each 
period is devoted to a QST — general call to all 
A.R.R.L. stations — then follows a series of long 
dashes and an announcement of the exact fre- 
quency, then a final short period in which the fre- 
quency of the transmission to follow in a few 
minutes is announced. 

The same procedure should be followed in cali- 
brating from Standard Frequency Transmissions 
as in calibrating from marker stations. The pur- 
pose of the marker station calibration is simply to 
serve as a guide in locating the Standard Fre- 
quency signals when the frequency meter is ready 
for its first calibration. 

After the dial readings for 
various frequencies have 
been secured, they should be 
plotted carefully on a curve 
sheet. The curve should not 
be "cramped" — that is, 
the scale should not be so 
small that it is difficult to 
make accurate readings. 
Fig. 610 shows a satisfactory 
way of making up such a 
curve. The paper used is 
standard cross-section paper 
(20 lines to the inch); each 
of the blocks shown in the 
drawing represents a half- 
inch block on the paper. It 
may be necessary to use two 
sheets to draw the entire, 
curve, one for the low-fre- 
quency half of the band and 
the other for the high- 
frequency half. The illus- 
tration shows calibrations 
only for the three bands on 
which Standard Frequency 
Transmissions are sent. For 
the 1750-kc. band the 3500- 

kc. readings would be divided by two. The dial 
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FIG. 610 —TYPICAL CALIBRATION CURVE FOR THE 
FREQUENCY METER 

Each ol the small blocks represents a half-Inch block on or- 
dinary crois-seclion paper. The chart must be large enough so 
that tenths of divisions can be read accurately en the dial read- 
ing scale, and the Frequency scale must be spread out to Facilitate 
making readings to within a (aw kflocyclai. 
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settings are the same for all frequencies har- 
monically related. 

Safety First! 

Always play safe when setting the frequency of 
a transmitter having a self-controlled oscillator. 
Make allowance for all possible errors in fre- 
quency measurement and set the transmitter 
well inside the limits of the band. Take every op- 
portunity to check the monitor or frequency 

meter to make sure that nothing has happened to 
the calibration. Know whether you are in the band 
or not — that part is easy if no attempt is made 
to crowd the edges. Although accurate determi- 
nation of frequency is becoming increasingly im- 
portant, the amateur who follows the simple direc- 
tions given earlier in this chapter can at least be 
certain that he is operating in his legally assigned 
territory, even though no elaborate methods 
are used for actual measurement of frequency. 



Chapter Seveti-> 

PLANNING AND BUILDING TRANSMITTERS 

In ONE respect the transmitter 
is the most important piece of equipment in the 
amateur station — it is the mouthpiece through 
which the operator conveys his thoughts to other 
amateurs the world over. Distant amateurs must 
therefore judge the station by the quality of the 
transmitter's output and by the way it is operated. 
A steady signal with a clean "pure d.c." note is 
the finest testimonial an amateur station can 
have. It is well worth attaining, not only because 
it indicates possession of a good transmitter in- 
telligently operated but also because it shows that 
the station's operator is not "hogging" more 
than his share of the amateur bands — as he 
would with a rough, wobbly, creeping signal. 

The steady pure d.c. signal is acknowledged to 
be far superior to all other types for communicate 
ing under adverse conditions. Moreover, the im- 
portance of reducing interference by the produc- 
tion of really good signals is so great that the 
government regulations under which amateur 
stations operate require adequately-filtered di- 
rect-current plate supplies for transmitters 
operating on those frequency bands which carry 
the bulk of amateur communication — the 
1.75-, 3.5-, 7- and 14-mc. bands. The amateur 
who follows the principles of transmitter design 
and adjustment laid down in this chapter and the 
corresponding instructions in the Power Supply 
chapter need have no fear of running afoul of 

' the regulations. 

Types of Transmitters 
All amateur transmitters employ the vacuum 

tube as a generator of the high-frequency alter- 
nating current necessary for the production of 
radio signals. For this reason, it is quite im- 
possible to have a good understanding of the 
operation of transmitters without first under- 
standing the way in which vacuum tubes func- 
tion. It is suggested that the beginner should 
make a careful study of the third and fourth 
chapters before attempting the construction or 
operation of any of the apparatus described in 
this chapter. 

Present-day amateur transmitters are of two 
general types: those which employ "self-con- 
trolled" oscillators and those in which a crystal- 
controlled oscillator is used. The first of these 
types is called " self-controlled " because the fre- 
quency of the oscillations generated in the trans- 
mitter depends on the constants of the circuit 
(chiefly the size of the coil and condenser used in 
the plate circuit of the oscillator). The crystal- 
controlled transmitter, on the other hand, makes 

use of a special type of crystal (usually quartz) 
in the oscillator. In this case, the crystal is the 
chief factor in determining the frequency on 
which the transmitter operates. 

When an oscillator of either type is used to 
feed the antenna directly, the transmitter is said 
to be "self-excited." If the oscillator merely feeds 
one or more amplifier tubes which in turn feed the 
antenna, the arrangement is known as an "os- 
cillator-amplifier" transmitter. One may have 
either a self-controlled or a crystal-controlled os- 
cillator-amplifier transmitter. 

Of all transmitters, the crystal-controlled type 
of set is by far the most satisfactory. In its usual 
form it is somewhat more complicated than the 
self-controlled self-excited transmitter but the 
advantages to be gained in its operation and in 
the signal it produces far outweigh the added 
cost. The crystal-controlled transmitter is fast 
becoming universal throughout the world. There 
is, of course, still a place for the low-powered 
self-excited self-controlled transmitter. Its sim- 
plicity and its low cost make it attractive to the 
beginner in amateur radio. Further, it must be 
admitted that such a transmitter, when built and 
operated very carefully, is capable of good per- 
formance. 

Self-Controlled Oscillator Circuits 
Fundamentally there are two general divisions 

of self-controlled oscillator circuits; those employ- 
ing capacitive coupling (condensers) to feed back 
energy from the plate to the grid circuit, and those 
using inductive coupling (coils) for the same 
purpose. All circuits are modifications of these 
two general classes. 

Before going into the details of the various 
oscillator circuits, however, it is desirable to have 
an understanding of basic oscillator operation. 
It is briefly as follows: When the tuned output 
circuit of a vacuum-tube is properly coupled to 
its input circuit, a variation of the output current 
will cause a voltage in the input circuit which, by 
virtue of the amplifying action of the tube, will 
cause a current variation of greater amplitude 
in the output circuit. In turn this augmented 
variation will be impressed on the input circuit, 
and so the oscillation builds itself up. The input 
circuit of the oscillator is the grid and the output 
is the. plate circuit. 

The maximum amplitude to which oscillations 
will build up depends upon the characteristics of 
the tube, the circuit constants, the grid bias and 
the plate voltage. The frequency of oscillation 
will be determined principally by the inductance 
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and capacity values in the tuned circuit, al- 
though other circuit constants such as the inter- 
electrode capacitances of the tube also will affect 
the frequency. For satisfactory oscillator opera- 
tion the amplitude of the grid excitation voltage 
should be sufficient to cause large pulses of plate 
current to flow during a small part (the peai.) of 
the excitation's positive half-cycle. Since no plate 
current flows during the negative half-cycle of the 
excitation voltage, the plate tuned circuit re- 
ceives a pulse on alternate half-cycles only. These 

timed impulses are 
sufficient to main- 
tain oscillation in 
the plate tuned cir- 
cuit called the 
"tank" circuit be- 
cause it acts as a 
reservoir for radio- 
frequency energy. 

To meet the con- 
dition specified 
above — that plate 
current should flow 
only during a part of 
the positive excita- 
tion cycle — the os- 
cillator must be op- 
erated with sufficient 
negative grid bias to 
prevent or "cut off" 
the flow of plate 
current during most 
of the excitation 
cycle. Grid bias is 
usually obtained by 
means of a grid leak. 
During the positive 
half-cycle of excita- 
tion voltage there is 
a considerable flow 
of electrons from the 
grid to the filament 
through the external 
circuit. If a blocking 
condenser is con- 
nected between the 
grid and its excita- 
tion circuit, this rec- 

tified current may be made to flow through a resist- 
ance connected across the blocking condenser or 
between the grid and filament. The voltage drop 
caused by the current flowing through the resistor 
will maintain the grid at a potential negative with 
respect to the filament and so provide the nega- 
tive bias. The bias voltage so developed will be 
equal to the resistance of the grid leak in ohms 
multiplied by the average current (as read by a 
direct-current meter) expressed in amperes. 

The choice of a circuit is not of great impor- 
tance, for if the circuit is arranged to suit the par- 
ticular tube or tubes used, and is adjusted prop- 

COLPITTS 

OJC 
-autt—o 

ULTRAUOION 

FIG. 701 —FOUR COM- 
MONLY-USED OSCILLATOR 

CIRCUITS 
The Herlfey and luned-plale 

tuned.grid are the most popular 
among amateurs For Irequencles 
up to 30,000 kc. On the ultra- 
high Frequencies the Colpitts and 
ultraudion are popular with expe- 
rimenters. 

erly, similar results can be obtained with any of 
them. In every oscillator provision is made to 
tune the condenser-coil circuits to the required 
frequency and to vary the amount of energy fed 
into the grid circuit from the plate circuit (the 
grid excitation). Other means are provided to ad- 
just the grid bias and to adjust the load to that 
value which will allow the most efficient transfer 
of energy from the plate circuit. Some method of 
making all of these adjustments is to be found in 
every satisfactory circuit. 

The circuits in most general use are the Hart- 
ley, Armstrong or tuned-grid tuned-plate, Col- 
pitts and ultraudion. 

In the Hartley oscillator the tank circuit has 
its ends connected to the grid and plate of the 
tube. The filament circuit of the tube is also 
connected to the coil at a point between the grid 
end of the coil and the plate end. In this way the 
coil is really divided into two sections, one in the 
grid circuit and one in the plate circuit. Oscilla- 
tions are maintained because of the inductive 
coupling between these two sections. 

In the tuned-grid tuned-plate circuit there are 
two tank circuits, one connected between the 
grid and the filament of the tube and the other 
between the plate and filament. In the high- 
frequency oscillator these two circuits are not 
coupled inductively and the capacity of the tube 
itself is utilized to provide the coupling between 
the grid and plate circuits which is necessary to 
cause oscillation. 

The Colpitts circuit is arranged so that the 
filament is connected to the junction of two con- 
densers which are in series across the coil. In this 
way the grid and plate circuits share the voltage 
drop across the condensers, and oscillation is 
produced in this manner. 

A fourth circuit is the ultraudion. It belongs to 
the Colpitts family of circuits, and is used by only 
a comparatively small number of amateurs. 

The Hartley and tuned-plate timed-grid cir- 
cuits are most popular, probably because the 
adjustments which regulate feed-back and fre- 
quency of oscillation are more independent in 
those two circuits, thus making them somewhat, 
easier to handle. 

Of the many possible variations on these four 
basic circuits, one general class is worthy of 
separate consideration — the push-pull oscilla- 
tor. The push-pull self-controlled oscillator has 
certain advantages over the simpler single-tube 
circuits when operating at high frequencies, 
chiefly because a higher order of frequency 
stability is attainable. In the push-pull oscillator 
two tubes are connected across the tank circuit 
in such a way that the r.f. grid and plate voltages 
of one tube are 180 degrees out of phase with the 
corresponding voltages of the other tube. The 
plate current pulses flow alternately to the two 
tubes. Fundamental push-pull circuits are shown 
in Fig. 702. An attempt to devise a push-pull 
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ultraudion circuit results in either a push-pull 
Hartley or Colpitts. 

A great many modifications of these funda- 
mental circuits, both single-tube and push-pull, 
have been evolved and it is not surprising that 
the newcomer is often confused by them. It is 
well to remember that however complex or 
unusual the circuit may appear, it can without 
doubt be "boiled down" to one of the funda- 
mental arrangements. And, what, is more impor- 
tant, when it has been adjusted carefully it will 
provide almost an identical performance to that 
of any other circuit. 

Frequency Stability and Efficiency 

An oscillator incapable of maintaining a high 
degree of frequency stability is characterized by a 
broad, creeping signal and a mushy or rough 
note. Such a note indicates that the operator is 
inconsiderate of the rights of others in the opera- 
tion of his station, because any amateur can 
construct a transmitter of good frequency sta- 
bility. 

The causes of frequency instability can be 
roughly divided into two groups, those which are 
"mechanical" in nature and those which are 
"dynamic." Mechanical instability results from 
variations in the circuit constants due to me- 
chanical vibration and thermal effects. Mechani- 
cal vibration will cause rapid fluctuations in 
frequency by varying the spacing between con- 
denser plates, the separation between coil turns 
or the distance between the tube elements. These 
are avoided largely by rigid construction and by 
reducing the vibration. Frequency fluctuation 
("creeping") due to thermal effects results from 
variation in spacing of the tube elements (varia- 
tion in inter-element capacity) with changes in 
temperature. Creeping can be minimized by keep- 
ing the power dissipated in the tube at or below 
its normal rating, by choosing tubes having inter- 
nal construction particularly intended to reduce 
frequency-creeping, and by using circuits which 
have large capacities in parallel with the tube's 
input and output capacities. Such circuits are 
popularly known as "High-C" circuits. The use 
of a large shunting capacity in the plate circuit is 
particularly effective. 

"Dynamic" instability is caused by anything 
which affects the tube's characteristics, especially 
its plate impedance, during operation. A varia- 
tion in plate impedance will cause a change in 
frequency. The principal cause of dynamic fre- 
quency instability — sometimes called "fre- 
quency flutter " — is the variation in plate voltage 
which results when a poorly-filtered plate supply 
is used. To prevent dynamic instability it is 
essential that the plate supply be the best "pure 
d.c." obtainable and that the grid bias — or grid 
leak — be sufficiently high in value. Moreover, 
too much care cannot be exercised in adjusting 
the grid excitation. Dynamic instability can bel i 

reduced by careful circuit design and here again 
the use of a High-C plate tank is very effective. 
Such a tank circuit is capable of reducing the 
amplitude of frequency fluctuations with varia- 
tions in plate impedance. 

The characteristics of the load circuit (which 
include the plate tank circuit and the antenna 
circuit or the input circuit of a succeeding tube 
amplifier) and the losses in the grid circuit affect 
the oscillator's plate efficiency. The plate effi- 
ciency is the ratio of radio-frequency power out- 
put to plate power input. The losses in the grid 
circuit are largely the power dissipated by the grid 
leak and the losses due to radio-frequency dis- 
placement currents between the grid and filament. 
The latter may be considerable at high frequencies 
with tubes having large grid-filament capacity. 

There is no simple method of accurately deter- 
mining the plate efficiency of a high-frequency 
oscillator. If the tube is operated at normal plate 
dissipation, usually indicated by dull red coloring 
of the plate, the power output will be approxi- 
mately the difference between total plate input 
(d.c. plate voltage multiplied by the plate current 
in amperes) and the rated plate dissipation in 
watts. For a more exact determination, the power 
dissipated in the grid leak should be subtracted 
also. The power dis- 
sipated in the grid n 
leak is the resistance 
of the leak in ohms 
multiplied by the 
square of the d.c. 
grid current in am- 
peres. 

Transmitting Tubes 
An excellent vari- 

ety of power tubes 
is available to the 
amateur contem- 
plating the construc- 
tion of a high-fre- 
quency transmitter. 
The large number of 
tubes is, in fact, 
often a source of con- 
fusion to the begin- 
ning amateur because 
it is difficult for him 
to decide upon the 
type best suited to 
his particular pur- 
pose. Broadly speak- 
ing, however, tubes 
may be classified 
according ^to the 
power output to be 
expected from them. Thus, a group of small 
tubes of the receiving type, adapted by ama- 
teurs to use in low-power transmitters, show 

lipower outputs of the order of 5 to 15 watts; a 
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Many practical variations at* 
pottibla. Both the Hartley and 
Colpitts circuits can, with minor 
modiflcaliom, be arranged (or 
series plate (eed. 



TRANSMITTING TUBES 
TRIODES 

Type 
Nominal 

R.F. 
Output 
(watts)! 

Fll. 
volts 
<£/) 

Fll. 
Amps. 
(//) 

Plate 
Voiles 
(St.) 

Plate 
Ma.' 
Up) 

Neg- 
Grld 
Bias 

Volts' 
(Be) 

Ma*. 
Grid 
Ma. 
(/c) 

Safe 
Plate 
Dissi- 
pation 
(watts) 

Amp. 
Factor 

(f) 

Interelectrode Capaci- 
tances (wfd.) 

Grid 
Leak' 
(ohms) Grid 

to 
FU. 

Grid 
to 

Plate 
Plate 

to 
FU. 

45 10 3.5 1.50 400 50 ; 180 3.5 50.000 
46 10 2.5 1.76 400 60 

50 

180' 
22" 

6.8 
30 0 

50.000 
1.000 

59 10 2 5* 2 0 400 135« 
22t 

6 0 
30 0 

25.000 
1,000 

205-D 
205-E 

10 4.5 1.60 400 50 90 u 7 3 5.2 4.8 3.3 10.000 

271-A 10 5.0« 2.0 100 50 90 15 8 5 6 6 5 3 3.8 10,000 
843 
10 

10 2 5' 2.5 425 40 90 7.8 16 7.7 5 0 6 0 5 0 10.000 
15 7 5 1 25 500 60 135 15 15 8 0 4 0 7 0 3 0 10,000 

841 15 7.5 1.25 500 60 30 20 16 30 0 5.0 S 0 3.0 2.000 
800 50 7.5 3.25 1000 75 135 25 35 15.0 2.8 2.5 1.0 10.000 
825 50 7.5 8.26 1000 76 ISO 41) 10 0 2 0 3.0 1 0 10,000 
830 50 10 0 2 15 750 110 180 18 40 8 0 4 9 9 9 2 2 10.000 

10,000 RK-lfi 50 7.6 2 5 
3 25 

1000 85 135 15 40 18.0 3 8 6.0 2.0 
203-A 
211 

100 10.0 1250 175 100 60 100 26 0 6 5 14 6 6.6 10,000 
100 10 0 3.25 1250 173 200 50 100 12.0 8.0 15.0 7.0 15,000 

242-A 100 10.0 3.25 1250 150 150 50 100 12.5 6 5 13 0 4.0 15.000 
276-A 100 10.0 8.0 1250 125 150 50 100 12.0 6 0 9.0 4.0 16.000 
852 100 10 0 3.25 3000 100 350 40 100 12 0 2.0 8,0 1.0 20,000 

F-108-A 200 10 0 11.0 3000 200 350 50 176 12 0 3 0 7.0 2.0 15.000 
204-A 350 11.0 3,86 2600 275 260 80 250 25.0 18 0 17.0 3.0 10.000 
849 450 11.0 » 0 2600 350 300 126 300 | 190 17.0 33 6 | 3,0 10.000 
831 500 11.0 10 0 3000 350 300 100 | 400 14 5 3 8 4.0 1.5 10,000 
P-100* 600 110 25 0 2000 500 300 500 14 0 4 0 10,0 2.0 10.000 

TETRODES AND PENTODES 

Type 
Nominal 

R.F. 
Output 
(watts)' 

Fll. 
Volts 
(£/) 

Fll. 
Amps. 

U/) 

Plate 
Volts* 
(B ) 

Screen 
Volts 
(Bd) 

Neg. 
Grid 
Bias 
volts 
(Be) 

Plate 
Ma.a 
Up) 

Ma*. 
Grid 
Ma. 
(/.) 

Safe 
Screen 
Dissi- 
pation 

(watts) 

Safe 
Plate 
Dissi- 
pation 
(watts) 

Interelectrode Capaci- 
tances (wfd.) 

Grid to 
Cath- 

ode 
Grid to 
Plate 

Plate to 
Cath- 
ode 

41 5 6 3* 0 4 300 100 22 40 
— ^ 

42 10 6 3* 0 7 400 100 45 50 
13 0 47 10 2 5 1 75 400 100 45 

45 
50 8 0 1.2 

2A5 10 2 5* 1.75 | 400 100 50 
59 10 2.5* 2.0 400 100 45 50 

- 

844 fi 2 6* 2 5 500 150 10 30 5 3 IS 10 0 0 07 8 o 
865 
254-A 

16 7.5 2.0 750 150 75 60 13 3 15 10.0 0 05 7.6 
20 5.0 3.25 750 175 90 60 6 20 4 6 0.1 9 4 

254-B 25 7 5 3.26 750 150 135 75 5 25 11.2 0 OS5 5 4 
282-A 50 10 0 3 0 1000 250 150 100 5 70 12,2 0 2 6 8 
850 100 10.0 3.25 1250 150 150 175 40 10 100 17.C 0.2 26 0 
860 100 10 0 3 25 3000 250 200 100 40 10 100 8.5 0.05 9 0 
861 540 11.0 10,0 3600 600 200 350 100 35 400 17 0 ... 13 0 

i Conservative rating based on normal plate Input and operating conditions. Tbe actual output will depend upon the elll- 
clency and the jiower supplied to the tube plate. 

j Maximum rccommeudcd values, unmodulated d.c. With modulation, d.c. plate voltage should be 25 to 30 per cent lower. 
' Rocommended value lor operation as oscillator or Claaa-c power ampllQcr. 
• With outer grid connected to plate. 
' With grids connect cd together. 
• Gelds Nos. 2 and 3 connected to plate. 
' Grids Nos. 1 and 2 connected together; grid No. 3 connected to plate. 
• Indirect y-healed cathode. 
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group of medium-power tubes is rated at 35 to 
50 watts output; a third group carries a nominal 
rating of 100 watts, and so on. Obviously, then, 
the first decision the amateur has to make in the 
choice of a transmitting tube is that of the power 
output he wants. The table of transmitting tubes 
gives the important characteristics and operating 
ratings of the tubes most suitable for use as radio- 
frequency oscillators and power amplifiers. 

The design of almost every item in the trans- 
mitter will be influenced by the tube with which 
it is to be operated. The rating of the transform- 
ers, the current-carrying capacity of the filter, 
the rating of the fixed condensers, the type of 
variable condensers and the design of the induc- 
tances, all will depend upon the power and volt- 
age rating of the tube. The amateur usually uses 
a low-power tube for his first transmitter. This 
practice is a good one. The use of low power en- 
ables the transmitter to be built cheaply and yet 
provides full opportunity for the amateur to gain 
a knowledge of the operation and handling of a 
transmitter. Many of the most experienced ama- 
teurs actually prefer a low-power transmitter of 
this type, knowing that they can readily com- 
municate over many thousands of miles under 
good conditions. The distance that can be cov- 
ered by a transmitter is, in fact, not very much 
dependent upon the power output. Even a re- 
ceiving tube in the hands of an experienced ama- 
teur can send across the world when conditions 
are very good. The higher-powered transmitters 
can send no farther than this but they have the 
advantage of being able to put signals into far 
distant countries with greater reliability and 
readability. 

Planning the Simple Transmitter 
Before going on to the considerations involved 

in the construction of the more complicated os- 
cillator-amplifier transmitters, we shall show 
some examples of the type of construction which 
has been found most satisfactory for low-power 
self-controlled oscillators. The use of oscillator 
transmitters is, in fact, confined almost entirely 
to low-power work (50 watts output or less.) in 
present-day amateur radio; almost without 
exception the transmitters using the larger varie- 
ties of tubes are of the oscillator-amplifier type, 
generally with crystal control. Because the oscil- 
lator transmitter is the simplest and therefore 
the easiest to build and operate, most beginners 
build a transmitter of this type for their first 
attempt at radio transmission. 

There is a splendid field for the exercise of 
thought and originality in the arrangement of the 
apparatus of the transmitter. The shortness of 
leads and the placement of the coils and con- 
densers with respect to the other apparatus are 
matters of such importance that the amateur 
will always be rewarded for time spent in con- 
sideration of the problem. In the pages that fol- 

low some examples of satisfactory layouts will be 
given. These will serve to give a general idea of 
how the transmitter can be arranged. However, 
they are not the acme of perfection; neither are 
they applicable to all types of apparatus. The use 
of even a different variable condenser than that 
shown in any one of the examples - a condenser 
with its terminals in a different place — may 
make some entirely different lay-out prefer- 
able. 

Most of the transmitters to be described are 
baseboard-mounted with all the apparatus ex- 
posed and readily accessible for adjustment or 
experiment. If desired, the apparatus can be 
mounted on a baseboard and a vertical panel in a 
manner somewhat similar to the receiver. Unless 
the apparatus is arranged with great care, how- 
ever, this type of construction is likely to mean a 
sacrifice of convenience in making alterations and 
adjustments. 

Building a Transmitter 
The construction of a simple transmitter can 

be accomplished in the shortest time and with the 
least difficulty by mounting the apparatus on a 
baseboard in somewhat the manner shown in t he 
illustrations. We will use this self-controlled self- 
excited transmitter as an example and describe 
it in detail. If the reader studies the circuit dia- 
gram, the photographs and the description care- 
fully he will find that the transmitter is even 
simpler than it looks. If he understands just what 
it is all about he will find it easier to modify the 
arrangement to suit the particular apparatus at 
his disposal. 

This transmitter is perhaps the simplest and 
most nearly fool-proof ever designed. It contains 
the very minimum of parts and is therefore ex- 
tremely low in cost. The construction is. in no 
way complex and the adjustment is easily ac- 
complished by even the inexperienced operator. 
The circuit is a modification of the popular 
tuned-grid tuned-plate arrangement. Despite its 
simplicity, the set has excellent frequency sta- 
bility and efficiency, comparing favorably with 
more complicated arrangements. 

The frequency is determined by the tuning of 
the plate tank circuit and the excitat ion is depend- 
ent on the constants of the grid circuit. Since one 
excitation adjustment is satisfactory over a con- 
siderable range of plate-tank tuning, it is possible 
to >ise a fixed coil in the grid circuit for each ama- 
teur band. An antenna coupling coil is provided 
in the set but an external antenna tuning con- 
denser (perhaps two of them) will usujilly be 
found necessary. The set is designed to use a 
Type 10 tube with a 500-volt d.c. plate supply 
and a 7.5-volt a.c. filament supply, a Type 45 
tube with a 350-volt d.c. plate supply and a 2.5- 
volt a.c. filament supply, or a Type 01-A tube 
with a 135-volt d.c. plate supply and a 6-volt d.c. 
filament supply. 
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Construction of the Set 
The schematic wiring diagram is given in Fig. 

704, together with the constants, and the photo- 
graphs show how the set looks when constructed. 
The layout chosen is one which allows short r.f. 
leads. 

The baseboard is 12}4 inches long by 10 
inches wide. Two porcelain stand-off insulators 
are mounted at one end, as shown in the photo- 

FIG. 703 — THE LOW-POWER SINGLE-TUBE TRANSMITTER 
The plale tank circuit Is at the left. The grid coil, leak and grid condenser are to 

the right of the Type 10 tuba. The antenna coil is shown swung away from the 
plate coll to give loose antenna coupling. 

graphs, to support the plate coil, Lj. These insu- 
lators should be placed 43^ inches apart between 
centers. This mounting is very solid mechanically, 
and allows easy changing of coils. The tuning 
condenser Cj, in this case a 21-plate Cardwell, is 
mounted on small brass angles. Connections be- 
tween the condenser and the coil are made by 
pieces of copper tubing, since the leads in the 
tank circuit must be as heavy as the inductance 
itself. The connection to the insulator at the rear 
of the baseboard should be from the rotary plates 
(the condenser frame); that to the front insulator 
goes to the stationary plates. 

The plate by-pass condenser, Ci, is mounted 
close to the tuning condenser on the baseboard. 
The radio-frequency choke, Lt, is just behind it. 
The filament by-pass condensers, Cj, are directly 
behind the tulie socket. The purpose of these 
condensers is to provide an easy path for radio- 
frequency currents flowing to the filament of the 
tube, which would otherwise have to go through 
the resistor Bj. When the filament of the tube 
is heated from alternating current the "center- 
tap" resistor is necessary to avoid having the 
alternating voltages on the filament reach the 
grid, for this would cause modulation or "ripple" 
on the transmitted signal. The voltage at the 
leads to the filament is constantly changing at the 
60-cycle supply frequency but the voltage at the 
center point of the resistor R\ is constant. An- 
other method of accomplishing the same result is 

to use a center tap in the filament-supply wind- 
ing of the transformer. The center-tap resistor 
arrangement is sometimes preferable, however, 
since it permits the use of a filament rheostat in 
the secondary of the filament transformer instead 
of the primary. Rheostats for the secondary wind- 
ing are more readily available than the other 
type. 

The grid condenser, and leak, ifj, are to 
the right of the filament by-pass condensers. The 

condensers in this set are mounted 
flat by means of machine screws 
running up through the baseboard. 
The filament center-tap resistor, Ri, 
is mounted directly on top of the 
filament by-pass condensers. 

All connections are run to the rear 
of the board where they terminate in 
Fahnestock clips. From right to left 
in t he photograph, the first pair of 
clips is for antenna or feeder connec- 
tions, the second for "plus" and 
"minus" high voltage, the third for 
filament supply and the fourth pair 
for the key. The wiring of the whole 
set is quite simple, and in case it is 
to be duplicated no difficulty should 
be experienced in following the dia- 
gram and photographs. 

The plate coils, L,, are J^-inch 

TYPE 10 
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FIG. 704 —THE CIRCUIT OF THE TRANSMITTER 
Li, L; and Li — Rial#, grid and anlanna colls. Tha spaciliea- 

tiom are given under the illustration ol the coils. 
Li — A commercial "short-wave" receiving-type radlo-he- 

queney choke will do or one can be made by winding a 
two-Inch length ol hall-inch tubing or wooden dowel 
with No. 38 d.s.c. or d.e.c. wire. 

Cs — SOOO-wild. (.002 (.Id.) mica fixed condenser, receiver type, 
II plate voltage does not exceed 500. 

Cj — SOOO-fuld. (.005 ufd.) mica fixed condenser, receiver type. 
Ci — 250-Mufd. (.00025 i>M.) mice fixed condenser, receiver 

type. 
Cs—SOO-fiild. (.0005 /ild.) variable condenser. Any good 

receiving condenser will be salislactory. 
Ri — Center-tapped resistor, 75 to 100 ohms total resistance. 
R: — Grid-leak resistor, 10,000 ohms. Any small resistor rated 

at 5 watts or more will do. 

Three General Radio or similar stand-oil Insulators will be 
necessary, as well as 8 Fahnestock dips, some miscellaneous 
small machine screws and nuts, and a few leet ol bus wire. 
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soft copper tubing, wound around a pipe 2 % inches 
outside diameter. The ends of the coils are flattened 
in a vise and drilled to fit over the machine screws 
in the mounting insulators. The 3500-kc. coil 
should have the turns so spaced that when fin- 
ished it will just fit on the insulators 
without having the ends bent out, 
as is done on the coils for the higher- 
frequency bands. The spacing be- 
tween turns on the 7000-kc. coil is 
about 3/16-ineh, and on the 14,000- 
kc. coil about J^-inch. 

The grid coils, L,, are wound with 
No. 30 d.c.c. wire on 2^-mch 
lengths of 1-inch tubing, which may 
be of Bakelite, paper, wood or any 
other of the common insulating ma- 
terials. The coils should be given a 
coat of collodion or clear Duco var- 
nish to maintain their character- 
istics. Two small brass angles serve 
both as connections and supports for 
these coils, the ends of the wind- 
ing being brought out to small ma- 
chine screws inserted at the ends of 
the coil forms. 

The antenna coil, made in simi- 
lar fashion to the tank coils, is 
mounted on an insulator imme- 
diately behind the tank condenser. 
Connection to the far end of this 
coil is made by means of a clip and 
a small piece of flexible wire. The coil may thus 
be swung away from the plate tank coil in order 
to vary the antenna coupling. 

The 350-volt power supply described in Chap- 
ter Ten is an excellent one to use with this trans- 
mitter when the transmitter tube is a Type 45. 
This power supply may also be used to supply 
plate voltage for a Type 10 oscillator, in which 
case a separate 7.5-volt filament transformer for 
the 10 will be required. Alternatively, a 550- 
volt supply for a Type 10 tube may be built up 
from the information given in Chapter Ten. 
Most 550-volt power transformers intended for 
radio use have 7.5 volt filament-heating windings 
for the oscillator or amplifier and rectifier tubes, 
in addition to the plate windings. If a Type 01- 
A receiving tube is used, the plate supply can be 
a 135-volt "B" substitute or 135 volts of "B" 
batteries. Filament supply can be from a 6-volt 
battery, through a 6-ohm rheostat. 

Tunins the Transmitter 

The tuning of any transmitter is a matter of the 
greatest possible importance. The performance of 
even the best transmitter can be spoiled by the 
slightest misadjustment, and on the other hand 
almost any transmitter can be made to perform 
well by an amateur experienced in the work. 
Even the most experienced amateur, however, 
cannot tune the transmitter effectively unless he 

is able to listen to it as he adjusts the controls. 
The use of some sort of monitor to listen to the 
signal as the transmitter is tuned is essential. A 
detailed description of a simple monitor will be 
found in Chapter Six. It should be studied and a 

monitor built before any attempt is made to tune 
the transmitter. 

In addition to the monitor, an extremely desir- 
able aid to tuning is a "tuning lamp." This is 
nothing more than a flash-lamp bulb connected in 
series with a single turn of wire about two or 
three inches in diameter. In use, the turn of wire 
is coupled to the tank coil of the oscillator or 
amplifier and induced currents cause the lamp to 
glow. With practice, it soon becomes possible not 
only to detect the presence of r.f. current in the 
tank coil with such a lamp but also to gain a very 
useful idea of the amount of r.f. energy in the 
tank. 

Before the transmitter can be tuned, it is ob- 
viously necessary to have available a suitable 
power supply, antenna and keying circuit. It 
will therefore be assumed that the reader will 
have studied the chapters on those matters and 
built the necessary equipment before attempting 
the all-important tuning process. It will be as- 
sumed, also, that the oscillator coils and leads 
have been made rigid; that the transmitter itself 
has been mounted in such a way as to escape 
vibration from keying and that the antenna and 
feeder wires have been made tight enough to 
avoid any swinging in the wind. We are ready to 
start tuning only after all these matters have 
been given attention. 

Even then, we cannot expect to do a good job 

I* 

FIG. 705 — PLAN VIEW OF THE TRANSMITTER 
The antenna coil, L', 1$ to the tear of the plate inductance. The fixed con- 

denser, G, and the radio-frequency choke are behind the tuning condenser, 
G. The two Axed condensers behind the socket are the filament by-pass con- 
densers G. The filament center-lap resistor, Ri, is mounted on top of these condens- 
ers. The grid condenser, G, and grid-leak resistor, R;, are to the right of the 
socket. The grid inductance, Lr, is in front of the grid condenser and leak. The 
connections to the Fahnestock terminals are explained in the text. 
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of timing the set unless wc have one or more 
meters. Of greatest importance is a plate current 
meter in the positive high voltage lead to the 
transmitter. Without such a meter, we have no 
idea of the power input and so are in danger of 
wrecking the tube and possibly other equipment 
right at the start. For a single tube transmitter 

coil the bulb should glow, indicating that the set 
is oscillating. The loop should not be held too 
close to the coil, however, because the bulb is 
likely to burn out. The frequency should now be 
checked with the frequency meter following the 
method described in the preceding chapter. If 
the frequency is outside the band, the transmitter 
should be retuned to a frequency inside the band. 

During this process the plate current milliam- 
meter should be watched to make certain that the 
plate current falls to a minimum as the plate tank 
is tuned to the desired setting. Should this mini- 
mum point occur at a frequency much lower than 
that desired, it is an indication that the grid coil 
has too many turns. If the minimum point occurs 
at too high a frequency, it shows that the grid 
turns should be increased. This trouble is not 
likely to happen, however, if the constructional 
specifications are followed carefully. 

Coupling the Antenna 

With the oscillator operating on the desired 
frequency, the feeder or antenna may be con- 

FIG. 706 —WINDING A COPPER-TUBING INDUCTANCE 
One end of Ihe tubing is held in the vise end the other is (lel- 

tened out and boiled to Ihe pipe used as a winding form. Pulling 
on Ihe tubing and turning the pipe in Ihe hands, the operator 
walks towards the vise. The turns should be wound as closely 
together as possible and spaced later. 

like this one, the plate meter might well be a d.c. 
milliammeter reading to 100 ma. The other very 
desirable meter is a thermo-couple ammeter to 
be connected in the antenna or feeder circuit; its 
reading will give a good indication of changes of 
power in the antenna with changes in the trans- 
mitter adjustment. It is possible to dispense with 
the antenna meter and still tune the transmitter 
effectively if the operator is prepared to pay very 
careful attention to the plate meter and to make 
use of the tuning lamp. 

Assuming that at least a plate meter is in the 
circuit, the first move is to switch on the filament 
supply, make certain that the tube lights, and 
then check the voltage at the filament terminals. 
Excessive filament voltage will soon ruin any 
tube. Then the antenna leads should be discon- 
nected, the key opened and the plate tank tuning 
condenser set to approximately the correct posi- 
tion. If the constructional specifications have 
been followed closely, this setting will be with the 
rotor plates about four-fifths meshed for the 3500- 
kc. band; about three-quarters meshed for the 
7000-kc. band; and about half meshed for the 
14,000-kc. band. The antenna system should 
have been constructed to specifications for a fre- 
quency in one of the bands, preferably for about 
3575 kc. in the 3500-kc. band. 

Tuning for operation on the 3500-kc. band 
(with the 12-turn plate coil), set the condenser 
with the rotor plates four-fifths in, turn on the 
power supply and close the key. If the tuning 
lamp is now held near the front end of the plate 
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FIG. 707 —THE PLATE AND GRID COILS 
A description of these coils is contained in Ihe text, while Ihe 

number of turns on each is given below. 
Coil Band Turns 
pli   3500 18 
p-s   . 7000 5 
p.3   14,000 3 
G-1   3500 60 
G-S   7000 25 
G-3   14.000 9 

For the t750-kc. band, a plate coil of 25 turns of No. 14 
d.c.c. on a 3" diameter form with spacing between turns equal to 
the diameter of Ihe wire; a grid coil of 150 turns on the same siie 
form as Ihe other grid coils. The number of turns on the grid coils 
may require some modification. Turns should be added or re- 
moved until the set operates stably and efficlanlly over Ihe 
required frequency band. 

The antenna coil is of 6 turns exactly similar to those used in 
coll P-1. A clip on this coll enables the best number of turns to be 
selected. 
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nected and the antenna coil swung at an angle of 
about 45 degrees to the plate coil. As the antenna 
or feeder condensers are tuned it will now be 
found that the plate current rises as the antenna 
comes into tune with the oscillator. Also it will be 
seen that while the tuning lamp bulb may glow 
brightly (when the loop is placed near the tank 
coil) with the antenna detuned, it will become 
dim as the antenna comes into tune and takes 
power from the tank. These effects of the rising 
plate current, and the dimming tuning lamp are 
of the greatest assistance in tuning the antenna 
circuit when no antenna meter is available. With 
an antenna ammeter, of course, it is merely neces- 
sary to tune the antenna or feeder circuit for 
maximum meter reading in order to locate the 
point of resonance. 

The next adjustment to be made is that of 
antenna coupling. It must be kept closely in mind 
that there is an optimum value of coupling which 
allows the greatest transfer of power from the 
tank circuit to the antenna. Closer coupling than 
this results in lowered efficiency and, in the case 
of the self-controlled self-excited transmitter, 
invariably destroys the quality of the transmitted 
signal. Excessive coupling usually can be detected 
by the existence of two settings of the feeder or 
antenna condensers at which the feeder or antenna 
current rises to a peak. In a transmitter of this 
type, the antenna coupling must always be less 
than the optimum value just mentioned. Experi- 
ence has shown that it is a good plan first to get 
the optimum coupling for greatest output anil 
then to reduce the coupling until the feeder or 
antenna current reads about 85 per cent of the 
first value. Then, the antenna or feeder circuit 
should be detuned until the. current drops a 
further 10 or 15 per cent. These adjustments 
should only lie made while listening to the signal 
on the monitor since the most unexpected things 
may happen to the quality of the signal and its 
frequency. The signal quality is usually better 
with the antenna circuit detuned on one side of 
resonance than on the other. 

It is futile to give definite instructions with re- 
spect to the proper plate current since this de- 
pends so much on the plate voltage and on the 
manner in which the transmitter is adjusted. 
When the oscillator is operated at high efficiency, 
the input can be carried above the 350 volts and 
60 ma. at which the Type 10 tube is rated. 
About the only practical procedure is to keep a 
careful watch for heating of the tube plate. Even 
a dull red plate is indication of excessive plate 
dissipation. The remedy is either decreased plate 
current or improved efficiency. 

Using Two Tubes 

If one wants more power output from the 
transmitter than one tube can give and yet does 
not wish to go to the expense of installing the next 
larger size of power tube, it is possible to use two 

tubes in parallel or push-pull to double the power 
output. Tubes connected in parallel have their 
plates, grids and filaments respectively connected 
together; the oscillatory circuits used with them 
are otherwise exactly the same as for one tube. 
The push-pull oscillator circuits correspond to the 
push-pull amplifier circuits so common in present- 
day broadcast receivers; that is, the tubes are 
in effect connected in series in both input and 
output circuits. Although the total power output 
is the same with either method of connection, in 
actual practice the push-pull arrangement is 
preferable for oscillator circuits at the high 
frequencies used by amateurs. 

A Push-Pull Transmitter 

Although two tubes are used, the design and 
layout of a push-pull transmitter is little more 
difficult or intricate than that of a single-tube set, 
as the accompanying photograph shows. This 
transmitter is intended to be used with either 
Type 45 or Type 10 tubes. 

The circuit of the two-tube transmitter is the 
push-pull Colpitts, which has been found to be 
particularly effective for high-frequency work. 
This circuit is in fact "double-barrelled" not 
only is it a good high-frequency oscillator circuit, 
but it can, with minor modifications, readily be 
converted into a push-pull amplifier should it be 
considered desirable later on to change the trans- 
mitter to the oscillator-amplifier type. Since 
every serious amateur sooner or later graduates to 
the more complicated — hut equally more satis- 
factory— oscillator-amplifier transmitter, the 
construction of a transmitter using this circuit is 
actually economical of time and apparatus. 

The chief distinguishing features of the circuit 
are the use of a split-stator tuning condenser, 
variable grid condensers, and a split tank coil, to 
which the antenna coil is coupled at a point of 
low r.f. potential. These features result in good 
oscillator efficiency and frequency stability, and 
reduce the possibility of radiation of harmonics. 
(A later section in this chapter discusses har- 
monic radiation in detail.) 

Front and below-baseboard views of the trans- 
mitter are shown in Figs. 708 and 710. The circuit 
diagram is given in Fig. 709. All parts are mounted 
on a llj^-inch by 14-inch baseboard, on the 
bottom of which are 1 ^inch-high cross pieces 
which make room for parts fastened beneath the 
base. The tube sockets are placed at each side of 
the tuning condenser with the grid and plate 
terminals facing the condenser terminals; this 
permits short leads and at the same time crosses 
the filament wiring, a device which is helpful in 
preventing modulation from the filament supply. 

The two variable grid condensers, C\, are 
mounted immediately in front of each tube. The 
grid leads are crossed, to give the push-pull con- 
nection, right at the terminals of the tuning 
condenser (terminals are available on both sides 
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of the condenser). This makes all wiringshort and 
direct. The t ank circuit is arranged symmetrically 
behind the tuning condenser and is wired to the 
condenser with 3/16-inch copper tubing. 

The two stand-off insulators which hold the 
antenna coupling coil are mounted 1^ inches 

\ 

FIG. 708 —A PUSH-PULL OSCILLATOR 
The tuning condenser, C, in Fig. 709, occupies the central 

position at the front of the baseboard. On either side of It are the 
variable grid condensers; directly behind these condensers are 
the tubes. The split tank coil and hinged antenna coil are mounted 
on porcelain stand-off insulators to the rear of the variable con- 
densers and lubes. 

apart and are fitted with two brass "L" pieces to 
which the ends of the coupling coil are bolted. 
A piece of felt should be pulled between the 
turns of the coupling coil to prevent it from vi- 
brating and thus modulating the note. Two 
pieces of Bakelite might also be fastened across 
the two leads of the coupling coil to give addi- 
tional strength and prevent movement. 

The stand-off insulators which carry each sec- 
tion of the tank coil are mounted 2^ inches 
apart, the two inside insulators being placed two 
inches apart to allow room for the coupling coil to 
fit between them. A short length of %-inch copper 
strip is used to connect the two halves of the tank 
coil; a heavy connector should be used here be- 
cause it is part of the tank circuit. The plate r.f. 
choke is mounted underneath this connecting 
strip. All by-pass condensers are under the base, 
as is most of the wiring. Since the wiring under 
the base is only a few inches from the tank coils, 
care should be taken not to run any long leads 
where they would be likely to pick up r.f. The 
wiring from the variable grid condensers should 
be as short and as direct as possible and should be 
kept clear of the a.c. filament wiring. 

The tank coils must all be wound in the same 
direction, as otherwise their fields will buck each 
other. The direction of winding of the antenna 
coil does not matter. 

Tuning the Push-Pull Transmitter 

When the transmitter is ready to be used, the 
first necessity is to tune it inside the band. With 

the particular tank capacity used and the coil 
sizes given, the 3.5-mc. band is covered with the 
condenser C almost at maximum capacity, the 
7-mc. band with the condenser approximately 
three-quarters of the way in, and the i4-mc. band 
with the condenser set at one-third capacity. The 
variable grid condensers may then be adjusted to 
get the proper excitation. Scales made from white 
cardboard are fastened to the lock nuts on the con- 
denser shafts and make it possible to return 
accurately to previous settings. The scales are 
marked from one to ten, with ten falling at the 
maximum-capacity end. About 5 on this scale 
gives the proper excitation for all of the bands. 
The grid-condenser adjustment should be made 
carefully with the aid of a monitor because cor- 
rect adjustment makes the difference between a 
poor note or a good one. 
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FIG. 709 —THE PUSH-PULL OSCILLATOR CIRCUIT 

C — Split italor eondenter, two 500 utJd. Jaetiom In tarlM 
making 250 uuld. at uted (Cardwall t56B). 

Ci — 50-wild. grid condenser) (National SE-50}. 
Cs—-.Ot-^fd. by-pan condensers. 
L — Antenna coupling coil; 7 turns 3/16-Inch copper tubing 

S'A inches in diameter. 
Li and Li—Tank coils, both Identical and wound in the »ame 

direction. 3.5-ffle. coilt each 10 lurni of 3/16-inch copper 
tubing; 7-mc. coils each 5 turns of %-lneh tubing; 14-me. 
coils each 3 turns of %-inch tubing. All lank coiii are 
2^ Inches long and 2V^ inches in diameter. 

R — 7000-ohffl grid leak, 25-watt tlx#. 

With a 550-volt power supply, slightly more 
than 30 watts output can be obtained on the 3.5- 
and 7-mc. bands and about 30 watts on the 14-mc. 
band, using Type 10 tubes. With 45,8 and a 350- 
volt supply the output should be approximately 
15 watts. 

The tuning instructions given for the single- 
tube transmitter — especially those covering 
antenna tuning — should be read carefully be- 
fore the transmitter is put on the air. They apply 
with equal force to the adjustment of this 
transmitter. 

Electron-Coupled Oscillators 

A special type of oscillator circuit charac- 
terized by a higher order of frequency stability 
than the fundamental circuits previously de- 
scribed is the "electron-coupled" circuit, which 
has already been mentioned in connection with 
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frequency measurement in Chapter Six. A fun- 
damental type of electron-coupled circuit is shown 
in Fig. 711. A screen-grid tube is required; the 
screen is used as the anode in a Hartley circuit 
with the control grid and cathode as the other two 
elements of a triode oscillator. The inductance 
L\ and capacity Ci form the tank circuit of the 
oscillator. Power is taken from the plate in the 
tank circuit LjCi, which may be tuned to the same 
frequency as L\C\ or to a harmonic of that 
frequency. L\Ci usually is referred to as the 
"oscillator" circuit and LjCi as the "output" 
circuit. 

A major feature of the electron-coupled os- 
cillator is that the coupling between the oscil- 
lator and output circuits should be entirely by 
variations in the electron stream from the cathode 
to the plate. To make the coupling wholly 
electronic, it is necessary to have the plate 
electrostatically shielded from the control grid 
and cathode, thereby eliminating unwanted 
capacity coupling between the plate and these 
elements. To get complete shielding the screen 
must be at ground potential, hence the cathode 
must take an r.f. potential above ground to fulfill 
the conditions for self-oscillation in the oscillator 
portion of the circuit. Because of the difficulty of 
eliminating r.f. leakage between the filament and 
ground in filament-type tubes, it is desirable to 
use a tube having an indirectly-heated cathode. 
In the power tubes, only the 844 has this type of 
cathode. Several receiving-tube types, notably 
the 24-A and 35, have the requisite type of con- 
struction, but their power output is extremely 
limited. They can be used to excite other small 
tubes in oscillator-amplifier transmitters, how- 
ever. If filament-type power tubes are to be used, 

the filament may get its power through suitable 
r.f. chokes — which are likely to be bulky be- 
cause of the heavy current they must carry — or 
by use of a double tank-coil winding such as was 
described in Chapter Six in connection with the 
electron-coupled frequency meter using a Type 
32 tube. 
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FIG. 710 —SUB-BASE WIRING OF THE PUSH-PULL 
TRANSMITTER, SHOWING THE FILAMENT BY-PASS 
CONDENSERS, GRID LEAK AND CONDENSER, AND 

THE GRID R.F. CHOKES 
Th* powtr-tupply «nd k«y Urmln«li ira al lha back of the 

bataboaid. 
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FIG. 711 — ESSENTIALS OF THE ELECTRON-COUPLED 
OSCILLATOR CIRCUIT 

Tha oicillalor lank circuit, L1C1, ihould ba Hish-C for lha 
oscillation fraquancy. The S'id condenser, C, end leak, Ri, may 
have normal values for lha tuba used; with receiving types such 
as lha 24-A lha grid leak should have a resistance of 25,000 to 
50,000 ohms. The higher grid-leak values will give belter output 
on harmonics. The oulpul lank circuit, LiCj, should be low-C. 
The plate and screen by-pass condensers, Cs, should have low 
Impedance at the operating frequency/ .002 /"fd. or larger will be 
satisfactory in amateur transmitters. These condensers should be of 
the non-inductive mica type. 

Excellent dynamic stability can be obtained 
with the electron-coupled oscillator by proper 
proportioning of the screen and plate voltages. 
Greatest stability usually results when the screen 
is operated at about half the voltage applied to 
the plate. The position of the cathode tap also 
affects the stability; usually it should be nearer 
the screen or "ground" end of the coil than the 
grid end. 

In an electron-coupled oscillator using a well- 
screened tube, tuning the output circuit has very 
little effect on the frequency of the oscillator. The 
circuit therefore is an ideal arrangement for 
exciting a following amplifier or for feeding an 
antenna. It is unfortunate that the power screen- 
grid tubes are relatively expensive and that suita- 
ble receiving tubes have such low power output; 
these two factors have restricted the use of the 
electron-coupled oscillator. In the receiving types, 
the 59 has good output but its screening is not 
complete; the tube can, however, be used as an 
electron-coupled oscillator with good success if 
the output circuit is tuned to the second har- 
monic of the oscillator circuit, as we shall see 
later in the chapter. 

Unsteady Signals 

One of the chief problems in transmitters 
other than those of the crystal-control type 
is to maintain a steady frequency. First there 
is the frequency creep due to heating of the tube 
or other apparatus in the set. This can be re- 
duced to a minimum by tuning the set for great- 
est efficiency. The greater the antenna power 
for a given input the less will be the heating of 



88 THE RADIO AMATEUR'S HANDBOOK 

the tube. The aim is, therefore, to keep the input 
at or below the rated value and to tune the set 
until the tube operates with the least heating. 

The detuning of the antenna circuit mentioned 
in the paragraphs on tuning does not result in 
appreciably lowered efficiency in the tube. When 
it is said that the greatest antenna current should 
l>e obtained for a given input to keep the tube 
coolest it is meant that the greatest antenna 
current with the antenna detuned in the tnanner 
described should be obtained. When the antenna 
is detuned the plate current drops. Detuning the 
antenna is unnecessary when an oscillator- 
amplifier transmitter is used because the fre- 
quency is then set by a separate tube which is 
isolated from the antenna. With such transmitters 
the antenna circuit may be tuned to take maxi- 
mum power from the output tube. 

Another common cause of frequency instability 
is vibration or swinging of the antenna or feeders. 
The effect of such vibration or swinging is reduced 
considerably by the detuning of the antenna 
circuit but it is essential that the antenna be 
supported in such a way that it is steady even in a 
high wind. This point will Ije given consideration 
in the chapter on antennas. 

Leaky insulation also is often a serious offender. 
Not only can a leak destroy the character of the 
note but it can be responsible for a wobbly fre- 
quency. Trouble of this type often can be de- 
tected by removing the antenna circuit and listen- 
ing to the transmitter in the monitor. Sometimes 
the leak is visible in the form of a thin arc. If the 
leak is through Bakelite a swelling on the surface 
of the insulation often will be noticed. 

Perhaps the most common cause of all is vibra- 
tion of the coils or wiring. A vibration which 
results in serious frequency instability often is too 
slight to be noticeable. The coils and wiring should 
l)e watched very carefully during operation to 
make sure that the movements of keying, the 
humming of a transformer or the vibration of a 
generator are not transmitted to the set. Mount- 
ing the set on rubber sponges often will aid in the 
elimination of the trouble. 

it is only by careful and prolonged attention to 
such details that the performance of the trans- 
mitter can lie maintained at a high standard. 

The Crystal-Controlled Oscillator 

In marked contrast to the self-controlled oscil- 
lators which we have just described is the family 
of crystal-controlled oscillators. In these circuits 
the frequency of oscillation is influenced hardly 
at all by the constants of the circuit or the load 
associated with it. The reason for this is that the 
frequency-controlling element is a small slab of 
crystal (usually quartz) which, because of its 
electro-mechanical properties, will oscillate at a 
frequency determined almost entirely by its di- 
mensions. When it is properly connected in the 
controlling oscillator circuit, the line voltage can 

9 

vary, the antenna can swing, and the tubes may 
heat without seriously affecting the output fre- 
quencj' of the transmitter. A ripple in the plate- 
supply voltage will cause amplitude modulation 
of the output of such an oscillator but can cause 
practically no frequency flutter. For this reason, 
the note produced by a transmitter driven from a 
properly adjusted crystal-controlled oscillator is 
always of a piercing musical character. Such a 
note is unmistakable evidence of a good amateur 
station. 

Before considering the circuits of crystal-con- 
trolled oscillators let us examine the crystals 
themselves. 

Crystal Cuts and Grinding 

A quartz crystal has three major axes, desig- 
nated X, Y and Z. The Z axis is the optic axis. 
The Y axis is the mechanical axis. The X axis is 
the electric axis and is the one used as a reference 
in designating the cut of the plates used in oscil- 
lators. A plate cut with its major surfaces per- 
pendicular to an X axis is known as an X-cut 
plate. This cut is also referred to as the "per- 
pendicular" and "Curie" cut. Plates cut with 
their major surfaces parallel to an A' axis are 
known as " Y," "parallel," and "30-degree" cuts. 
The most, accepted terms for these two cuts are 
X-cut and parallel or 30-degree cut. 

Each of these cuts has characteristics of its 
own and these characteristics determine its 
suitability for different services. For a given fre- 
quency, an X-cut plate is thicker than a 30- 
degree-cut plate. The X-cut plate has but one 
major frequency of oscillation which is a function 
of its thickness but a 30-degree cut plate some- 
times has two, generally a kilocycle or so apart. 
The 30-degree cut plate is usually the more ready 
oscillator although properly ground and mounted 
plates of either cut oscillate quite persistently in 
well-designed power circuits. The X-cut plate is 
more generally used in power oscillators, although 
many amateurs have a preference for the 30- 
degree cut. 

When a finished crystal or unground blank is 
purchased, a statement of the cut should be ob- 
tained from the seller. This is particularly im- 
portant when a blank is purchased because the 
grinding cannot be done so easily if the ratio of 
thickness to frequency is not known. For X-cut 
plate8/X< = 112.6 and for 30-degree-cut plates/X- 
1 = 77.0, where/is the frequency in kilocycles and 
I is the thickness in inches. From these relations 
the thickness for a desired frequency of a crystal 
of known cut can be determined quite accurately 
by measurement with a good micrometer such as 
the Starrett No. 218-C, inch. This tool also 
can be used to make sure that the crystal is the 
same thickness at all points and that bumps or 
hollows are not being ground in. The best crystals 
are about 1" square, perfectly flat, and the two 
major surfaces are parallel. 
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Since the thickness of an oscillating crystal is 
inversely proportional to its frequency, the plates 
become very thin and fragile at frequencies above 
those in the amateur 3500-kc. band. For this 
reason the most satisfactory amateur crystals 
are those ground for the 1750-kc. and 3500-kc. 
bands. If the transmitter is to be operated on the 

3500-kc. and higher 
frequency bands 
only, a crystal hav- 
ing a suitable fre- 
quency in the 3500- 
kc. band will be 
best. The higher fre- 
quencies are ob- 
tained from such a 
crystal by means of 
the harmonic gener- 
ators or frequency 
doublers to be de- 
scribed further on. 

FIG. 712 —RELATION OF THE :;<orne carcfully- 
AXES OF AN x-CUT QUARTZ ground 7000-kc. 

PLATE crystals are now be- 
ing used in amateur 

transmitters but they require careful han- 
dling. There are even instances of successful 
operation of 14,000-kc. crystals. 

Grinding is usually done by rotating the crystal 
in irregular spirals on a piece of plate glass 
smeared with a mixture of No. 102 carborundum 
and water or kerosene. It is better to have the 
crystal stuck to a perfectly flat piece of thin brass 
or a glass microscope slide than to bear down on 
the surface of the crystal with the fingers. Even 
pressure over the whole area of the crystal is 
essential for flat grinding. The crystal will stick 
to the flat brass plate or slide if the top of the 
crystal is moistened with kerosene. The crystal 
should be frequently tested for oscillation in a test 
circuit such as one of those shown in Fig. 713. If 
the crystal should stop oscillating during the 
grinding process the edges should be ground 
as indicated in the illustration of an X-cut plate. 
The frequency also can be checked by listening to 
the signal in a receiver and measuring the fre- 
quency as described in Chapter Six. When the 
frequency is within a few kilocycles of the desired 
value it is well to use a flner grade of carborundum 
powder for finishing. The FF and FFF grades are 
suitable for the final grinding. 

Crystal Oscillator Circuits 

Power crystal oscillators operate as tuned-grid 
tuned-plate circuits, with the crystal replacing 
the grid tank circuit. Other fundamental circuit 
arrangements are possible, but have not met with 
much favor for power work. The simplest crystal 
oscillator circuit is shown in Fig. 713-A. It uses a 
friode tube, usually a Type 45 or 10. When the 
plate tank circuit is tuned to a frequency slightly 
higher than the natural frequency of the crystal, 

the feed-back through the grid-plate capacity 
of the tube excites the grid circuit, and the 
crystal oscillates at approximately its natural 
frequency. 

The power obtainable from the crystal oscil- 
lator will depend upon the type of tube used, the 
plate voltage, and the amplitude of vibration of 
the crystal, or more precisely, the amplitude of 
the r.f. voltage developed as a result of the 
mechanical vibration. If the feedback voltage is 
too great, the mechanical strain in the crystal as a 
result of vibration will cause the crystal to heat 
considerably and may eventually cause cracking, 
ruining the crystal. In simple oscillator circuits 
such as that in Fig. 713-A, the limit, of plate 
voltage that can be used without endangering the 
crystal is about 250 volts. There is no exact rule 
for this, however; much depends upon the crystal 
itself, its mounting, and the type of tube used. 
Tubes with low amplification factors the 45, 
for instance — should be operated at lower plate 
voltage than tubes with medium or high n's, 
because low-/* tubes require a relatively large 
exciting grid voltage for a given output. 

Within limits, the power output that can safely 
be taken from the crystal oscillator can be in- 
creased by the use of special circuits or tubes 
having more suitable characteristics than the 
simple triodes. One such circuit is shown in Fig. 
713-B. It differs from circuit A in having the lead 
to the tube plate tapped in on the tank inductance 
instead of being connected directly to the end. 
This practice decreases the r.f. voltage fed from 
the plate to the grid circuit and consequently 
reduces the strain on the crystal. The nearer the 
tap is to the filament end of the inductance (the 
end which connects back to the filament through 
the plate bypass condenser) the smaller will be 
the feedback voltage. Somewhat higher plate 
voltages can be used without danger of cracking 
the crystal, therefore. The efficiency is lower with 
this sort of circuit than with that at 713-A, but so 
long as the plate current limits of the tube are not 
exceeded this is not a highly important con- 
sideration. 

The same result can be secured by using a tube 
having low grid-plate capacity (this will reduce 
the feedback) and which at the same time is 
capable of delivering fairly large power output, 
with a small exciting grid voltage. The pentode 
tubes designed for audio power work, such as the 
47, 2A.r>, 42, and 59 (with proper element connec- 
tions), fulfill both these requirements and are 
excellent crystal oscillator tubes. For a given 
plate voltage the crystal heating will be less with 
a pentode than a triode as the oscillator tube; 
alternatively, for the same amplitude of crystal 
vibration, higher plate voltages can be used with 
the pentodes, resulting in greater power output. 
A typical pentode oscillator circuit is shown in 
Fig. 713-C. It has been found best to operate the 
screen grid of the tube at approximately 100 

Edgefrind 
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volts; plate voltages up to 500 may be used with- 
out danger to the crystal. 

Crystal heating is not only undesirable from 
the standpoint of safe operation; the frequency of 
oscillation is dependent upon the temperature of 
the crystal, and when the crystal heats up the 
frequency will creep. The temperature coef- 
ficient of X-cut plates is negative, that is, the 
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FIG. 713 —TYPICAL CRYSTAL OSCILLATOR CIRCUITS 
In ••ch case the plate lank circuit, LC, must b« to proportioned 

that II can be tuned to the natural baquency ol the crystal, 
preFerably with a low value ol capacity. By-pass condensers and 
jrid leaks have values similar to those used in ordinary oscillator 
circuits. II the grid leak resistor Is non-inductive, the r.f. choke in 
series with it may be omitted. 

frequency goes down with rising temperature. 
The temperature coefficient for 30-degree cut 
plates is positive, the frequency increasing with 
rising temperature. 

Grid bias for the oscillator may be supplied 
through a choke from a dry "B" battery. The 
bias for a Type 10 or Type 47 tube is usually 
22.5 volts. Bias for low-impedance tubes will be 
greater. The Type 45 will operate satisfactorily 
with negative bias of 67.5 or 90 volts. Grid-leak 
bias may be used also, the value of the grid-leak 
resistance being between 5000 and 50,000 
ohms. 

Grit or an oily film on the surface of a crystal 
will affect its operation and will sometimes pre- 
vent oscillation. The crystal should be cleaned 
whenever erratic behavior or stoppage of oscil- 
lation gives evidence of a dirty condition. Carbon 
tetrachloride (Carbona) or grain alcohol are the 
best cleaning fluids. Plain soap and water will do 
quite well, however. Handling of the crystal is 

especially likely to give it an oily surface, and the 
crystal should always be cleaned after it has been 
touched by the hands. 

Crystal Mountings 

To make use of the piezo-electric oscillat ion of a 
quartz crystal, it must be mounted between two 
metal electrodes. There are two types of mount- 
ings, one in which there is an air-gap of about 
one-thousandth inch between the top plate and 
the crystal and the other in which both plates are 
in contact with the crystal. The latter type is 
simpler to construct and is generally used by 
amateurs. It is essential that the surfaces of the 
metal plates in contact with the crystal be per- 
fectly flat. Satisfactory mountings can be pur- 
chased from most dealers in crystals or can be 
made up by the amateur. 

The simplest way for the amateur to rig his own 
mounting is to make up two flat brass plates, 
t he crystal being placed on one of them and the 
other being arranged to rest on the crystal with 
no more pressure than that provided by the weight 
of the brass. A crystal mounting of this type is 
illustrated. The plates preferably should be 
turned flat in a lathe and then ground to a fine 
finish. Successful plates can be made, however, 
by cutting them with a hack-saw from ^"-thick 
brass plate, then grinding them in much the same 
way as the crystal would be ground. A suitable 
size for the top plate is about 1" square. The 
bottom plate may be made large enough to 
accommodate the whole mounting, as shown. 

Though it is possible to operate the crystal be- 
tween such plates merely by arranging the plates 
and the crystal in the form of a sandwich on a 
piece of insulating material or on the table top, 
it is a very much better plan to make up some 
form of holder out of which the crystal or plates 
cannot be jarred. The arrangement illustrated in 
Fig. 714 is one suitable type. Connection to the 
upper plate can be made by means of a very light 
leaf of spring brass but a small spiral of very fine 
copper wire usually is more satisfactory. This wire 
can be soldered to t he plate if care is taken to use 
an absolute minimum of heat in the soldering 
process to avoid warping the plate. 
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FIG. 714 —SIMPLE FORM OF CRYSTAL HOLDER 
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ever li more convenient. The center part of the Inner piece of 
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Oscillator-Amplifier Transmitters 

The progressive amateur will not long be con- 
tent with the simple self-controlled oscillator 
transmitters previously described. Notwithstand- 
ing the fact that transmitters of that type are 
capable of giving good results with proper han- 
dling, they are always subject to those ills dis- 
cussed in the section on unsteady signals — 
particularly, the frequency stability is always at 
the mercy of a swinging antenna or feeders. 
Overcoming the factors which adversely affect 
the frequency stability always entails a sacrifice 
of power output in the simple oscillator; for this 
reason it is possible to get more power from a 
given tube used as a power amplifier than from 
the same tube operating as a self-controlled 
oscillator feeding the antenna. The power am- 
plifier can be excited by a relatively low-power 
oscillator which has been designed particularly 
for frequency stability; then when the amplifier's 
output is fed to the antenna swinging feeders 
will have negligible effect on the frequency 
stability. Furthermore, the antenna coupling 
can be adjusted for maximum output only — it 
is not necessary to use the loose coupling and 
detuning required with the self-controlled os- 
cillator transmitter to keep the signal steady 

The oscillator-amplifier type of transmitter is 
used almost universally for power output greater 
than that obtainable from a pair of Type 10 
tubes. Frequently stability is of paramount im- 
portance in the high-power transmitter, because 
a strong signal can cause intolerable interference 
unless it is perfectly steady and pure d.c. Either 
of the self-controlled transmitters already de- 
scribed will make excellent drivers for a higher- 
power amplifier. The single-tube set, using a Type 
10 tube with about 500 volts on the plate, would 
excite an amplifier using one of the 50- or 100-watt 
tubes, while the push-pull transmitter will do 
equally well to excite a pair of similar tubes in 
push-pull. Several different tube combinations 
for oscillator-amplifier transmitters with self- 
controlled oscillators will be given farther along 
in the chapter. 

In the following discussion we shall go into 
the operation of different types of amplifiers at 
some length, with particular reference to the 
crystal-controlled transmitter. By far the greater 
number of oscillator-amplifier transmitters are 
crystal controlled, but it should be borne in 
mind that amplifier operation is the same whether 
or not a crystal is used as the frequency-deter- 
mining element. The information given is there- 
fore equally applicable with either type of 
frequency control. 

To get the full benefit of crystal control it is 
necessary to amplify the radio-frequency output 
of the crystal oscillator and thus bring it up to the 
output power level desired. The output of the 
usual crystal oscillator is seldom more than five 

watts or so, while ten watts is about the limit 
obtainable with available crystals and tubes. 
The crystal oscillator could be coupled to an 
antenna just as was done with the self-controlled 
oscillators previously described, provided the 
limited power output could be tolerated. But 
most amateurs prefer to use amplifiers. 

A second consideration in the use of the crystal 
oscillator is the fact that the output frequency is 
set by the mechanical dimensions of the crystal. 
A single crystal is therefore good for only one 
frequency in one band. Having only a single 
frequency is no particular hardship if the opera- 
tion is to be confined entirely to one amateur 
band, but many amateurs wish to change bands 
to utilize to the utmost the long-distance com- 
munication possibilities of all of them at different 
times of the day. For this reason it has become 
customary to use harmonic amplifiers to obtain 
output in different bands from a single low- 
frequency crystal. 

Amplifiers which step up the power output on 
some harmonic of the fundamental crystal os- 
cillator frequency are called "frequency mul- 
tipliers." The plate tank, in a frequency mul- 
tiplier, is tuned to a frequency which is a harmonic 
of the exciting frequency. If the output is tuned 
to twice the exciting frequency, the amplifier is 
known as a "doubler." The doubling action ob- 
tained is caused partly by excitation from the 
second harmonic output of the oscillator (or 
preceding amplifier) and partly by distortion in 
the amplifier itself. Although it is possible to 
triple frequency with frequency multipliers, 
doubling is most generally applicable to amateur 
transmitters because the amateur frequency 
bands are in even harmonic relation. In typical 
amateur crystal-controlled transmitters, to be 
described later, we find several "doublers" op- 
erated one after the other in order to obtain good 
power output on the higher frequency bands. 

When an amplifier's output is tuned to the 
excitation frequency, the amplifier is known as a 
"straight" amplifier. This is the form of amplifier 
most commonly used in the self-controlled oscilla- 
tor-amplifier transmitter and in the final stage of 
the more powerful crystal-controlled transmitters. 
Since both the grid and plate circuits are tuned to 
the same frequency in this form of amplifier, the 
arrangement becomes a type of tuned-grid tuned- 
plate circuit which would allow the amplifier 
to oscillate of its own accord unless special 
precautions were taken. The most common 
method of preventing oscillation is by neutraliz- 
ing the circuit. Circuits of various forms of neu- 
tralized amplifiers are given in Fig. 715. If a 
screen-grid tube is used in the "straight" am- 
plifier or if the amplifier is a "frequency multi- 
plier," troubles from self-oscillation are not likely 
to occur. Unfortunately, the medium-size screen- 
grid tubes suitable for intermediate amplifiers in 
amateur transmitters are still relatively expensive. 
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Neutralizing is one of the very important 
necessities in most amateur transmitting equip- 
ment. For this reason, we will proceed to give 
detailed consideration to the circuits used for 
neutralizing and the manner in which they 
function. 

Neulraiizing 

As we have already explained, a three-electrode 
tube used as a straight radio-frequency amplifier 
will itself oscillate because of radio-frequency 
feed-back through the grid-plate capacity of the 
tube unless that feed-back is nullified. The process 
of neutralization really amounts to taking some of 
the radio-frequency voltage from the output or 
input circuit of the amplifier and introducing it 
into the other circuit in such a way that it ef- 
fectively "bucks" the voltage operating through 
the grid-plate capacity of the tube, thus rendering 
it impossible for the tube to supply its own excita- 
tion. There are several ways of doing this, the 
more common ones being shown in the drawings. 
Parts of the circuit which are not essential to the 
neutralizing scheme considered are not included 
in the diagrams; they will be quite conventional 
in nature. 

In Circuits A and B the operation is the same; 
the choice between one or the other is simply a 
matter of preference or mechanical considerations. 
A point on the tank inductance (usually a third 
or half the way up toward the plate end) is made 
to assume the same r.f. potential as the filament 
by connecting it to the filament through a by-pass 
condenser. The voltage at the lower end of the 
coil is, therefore, opposite in phase to that at the 
plate end, and this voltage is fed back to the grid 
through a small condenser, C'„, to balance the 
voltage which appears across grid and plate. 
Exact balance is obtained by properly propor- 
tioning the number of turns between X and Y and 
by adjusting the capacity of Cn. If parallel plate 
supply feed is used the by-pass condenser between 
the point X and the filament is unnecessary, 
since there will be no d.c. voltage between the 
two points and a direct connection can be made. 

In Circuit C the neutralizing or bucking voltage 
is obtained from the voltage drop across half the 
tuning condenser, which in this circuit must be a 
split-stator affair. Parallel plate feed is shown in 
this circuit, although series feed can be used by 
introducing the plate voltage at the center of the 
tank inductance through an r.f. choke. If series 
feed is used, the feed tap on the tank coil should 
not be connected to the filament through a by- 
pass condenser as is done in Circuits A and B; 
doing this places two grounds in the circuit and is 
likely to lead to circulating r.f. currents and un- 
due losses. Circuit C is likely to be more stable 
at very high frequencies than Circuits A and B. 
A further advantage is that the neutralizing 
condenser setting will be the same for any tank 
coil that may be used, if the two sections of the 
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tuning condenser are identical. This is a con- 
venience when bands are changed frequently. 

Circuits D and E also are equivalent. In these 
circuits the neutralizing or bucking voltage is 
obtained from the tank circuit of the preceding 
tube and is fed to the plate of the amplifier 
through the neutralizing condenser. The tank 
tuning condenser may be connected across part 
of the coil or all of it, whichever seems most 
desirable. 

Two push-pull neutralizing circuits are shown 
in F and G. One has a tapped plate tank coil and 
the other a split-stator tuning condenser with the 
rotor grounded. The neutralizing condensers are 
simply connected from the grid of one tube to the 
plate of the other. Fig. 715-G is to be preferred 
for the higher frequencies, just as was the case 
with Circuit C. Both F and G will remain neu- 
tralized with different tank coils; in F, however, 
it is essential that the tup on the coil be placed 
accurately at the electrical center of the coil. 
Good balance between the two sections of the 
condenser in G will obviate this necessity. 

In all these circuits, by-pass condensers and 
other parts not particularly a part of the neu- 
tralizing arrangement will have the usual values. 
The specific pieces of apparatus to be described 
later will illustrate ordinary practice in amateur 
transmitters. In most cases the neutralizing 
voltage will be equal to the r.f. voltage between 
the plate and grid of the tube (using one of 
the circuits involving the use of a split-stator 
condenser, or a tapped-coil circuit having the tap 
at the center of the inductance) so that for perfect 
balance the required capacity in the neutralizing 
condenser will be equal to the grid-plate capacity 
of the tube being neutralized. Reference to the 
grid-plate capacitance column of the tube table 
in this chapter will indicate the correct size of 
neutralizing condenser; a condenser which will 
give the requisite capacity at about half scale 
should be chosen. If, in the circuits having tapped 
tank coils, the tap is more than half the total 
number of turns from the plate end of the coil, 
the required neutralizing capacity will increase 
approximately in proportion to the relative 
number of turns in the two sections of the coil. 
As a general rule, however, an even division 
between "plate" and "neutralizing" turns is 
desirable. 

The procedure necessary to make actual ad- 
justments for neutralizing will be treated later 
in this chapter. 

Interstage Coupling 
For efficient operation, the grid circuits of tubes 

used as radio-frequency power amplifiers must be 
supplied with power from the oscillator or driver 
tube. To transfer with the least possible loss the 
power developed in the plate circuit of the driver 
to the grid circuit of the amplifier is the task of 
the interstage coupling arrangement. The type of 

coupling best adapted to efficient power transfer 
depends upon the characteristics of the driver and 
amplifier tubes. Several satisfactory arrangements 
are shown in Fig. 716. 

The circuit at A is known as capacity coupling, 
because the radio-frequency power is fed from the 
driver to the amplifier through the coupling 
condenser C. The purpose of the condenser is to 
prevent the driver plate voltage from being im- 
pressed upon the grid of the amplifier tube while 
providing a low-impedance path for r.f. current. 
This method of coupling is generally most satis- 
factory when the amplifier tube is one having a 
low or medium amphfication factor (m of 8 or 
less). The bias for the amplifier is fed to the grid 
through the r.f. choke, RFC, which keeps the 
excitation voltage from leaking off through the 
bias supply and being wasted. Since the negative 
side of the driver plate supply and the positive 
side of the amplifier bias supply meet at the 
common filament connection between the two 
tubes, the coupling condenser C must have in- 
sulation good enough to stand the sum of these 
two voltages without breakdown. The fact that 
the condenser also is carrying a considerable 
radio-frequency current makes it desirable that 
it have a voltage rating giving a factor of safety 
of at least 2 or 3. 

Circuit B is practically equivalent to Circuit A: 
the coupling condenser has been moved to the 
plate circuit of the driver tube and the radio- 
frequency choke appears at the plate of the driver. 
This simply shifts the driver to parallel plate 
feed, and permits the use of series feed to the 
amplifier grid. In both circuits the excitation can 
be controlled by moving the tap on the tank coil; 
the nearer the tap is to the plate end of the coil the 
greater will be the excitation voltage up to the 
limit of the driver output. These circuits have the 
advantage of simphcity, but have the disad- 
vantage that the interelectrode capacities of both 
the driver and amplifier tubes are connected 
across the tuned circuit, thus causing a reduction 
in the L-C ratio and reducing the efficiency at the 
very high frequencies. They operate quite satis- 
factorily with ordinary tubes at frequencies of 
7 mc. and lower, and at 14 rac. with tubes having 
low interelectrode capacities, such as the 852, 800, 
825, RK-18 and others with comparable ca- 
pacities to be found in the tube table. The varia- 
ble tap for regulating excitation is likewise some- 
times responsible for parasitic oscillation in the 
amplifier, a condition which also is harmful to 
the efficiency. 

Circuit C overcomes these two disadvantages, 
but requires two tuned circuits and a method for 
varying the coupling between the two coils. This 
circuit is particularly effective at 14 mc. and 
higher frequencies, where the increased com- 
plications are worth while in view of the greater 
efficiency. Circuit D is much the same as Circuit 
C, except that an untuned transmission line, 
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inductively coupled to the tank circuits at both 
ends, is substituted for the variable inductive 
coupling. This system is more convenient me- 
chanically, because the power transfer is gov- 
erned by the relative number of turns on each 
coupling coil, and because the transmission line 
can be any reasonable length — up to several 
feet. Ordinary twisted lampcord will do nicely 
for such a line. In practical operation, the number 
of turns on the coupling coils is adjusted to give 
maximum excitation to the amplifier. Three or 
four turns will be sufficient in most cases pro- 
vided the coils are closely coupled to the tank 
coils with which they are associated. 

The push-pull circuit at E corresponds to the 
simple capacity-coupled circuit at A, while F is 
the same thing as D but arranged for push-pull. 
It should be pointed out that in circuits using the 
untuned coupling line or "link," as it is some- 
times called, the coupling coils should be coupled 
to the tank coils at a point of low r.f. potential. 
This is indicated in Circuits D and F. 

The use of power amplifier tubes with rela- 
tively high voltage-amplification factors — 15 
and more — sometimes introduces complications 
in the coupling arrangement because such tubes 
generally operate best with a lower exciting volt- 
stge than is developed by the driver tube. In 
other words, the grid impedance of such tubes is 
lower than the value of impedance which, when 
connected across the whole driver tank circuit, 
is optimum for maximum driver power output. 
"Tapping down" on the driver tank coil will 
take care of this condition but as pointed out 
above sometimes leads to parasitic oscillation in 
the araphfier. For this reason the inductive 
coupling methods are more satisfactory with 
high-ji amplifier tubes. Parasitic oscillation can 
be avoided in condenser-coupled systems (which 
includes circuit B) by taking the excitation 
directly from the plate end of the coil and using a 
coupling condenser having low capacity to avoid 
overloading the driver. The coupling efficiency is 
reduced by this compromise, however. The 
optimum coupling capacity will depend upon the 
type of amplifier and driver tube used and the 
operating conditions; in general it had best be 
determined experimentally for the individual 
layout. Where this consideration is not a factor — 
i.e., when the amplifier is a medium- or 1ow-m 
tube — the size of the coupling condenser is not 
critical. Usual values are 100 to 250 mifd. 

In Fig. 716 the coupling systems have been 
considered without reference to neutrahzing or 
other circuit modifications. These will not, gen- 
erally speaking, affect the operation of the cou- 
pling system. The neutralizing circuits of Fig. 715 
can be introduced into the coupling arrangements 
of Fig. 716 with little difficulty. The one im- 
portant practical effect of the addition of the 
neutralizing condenser is the fact that the 
capacity shunted across the tuned circuit is in- 
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creased thereby. This makes a further point in 
favor of inductive or transmission-line coupling 
systems, since they tend to reduce the capacities 
shunting the tuned circuits. Nevertheless, the 
condenser-coupled arrangements, because of 
greater simplicity, are widely used and are capable 
of giving excellent results, particularly at the 
lower amateur frequencies. 

Sinsle Tube to Puth-Pull 
One important coupling problem is that of con- 

necting a single-ended oscillator or driver to a 
push-pull amplifier. Three methods of doing it are 
shown in Fig. 717. Circuit A shows the capacity- 
coupling scheme. The driver tank coil is tapped at 
the center; the end of the tank circuit opposite 
the plate of the tube is left free to assume an r.f. 
potential equal to that at the plate and opposite 
in sign, thus making the output voltage suitable 
for exciting a push-pull amplifier. The lower end 
of the driver tank circuit may be utilized for 
neutrafizing the driver tube, if desired. In fact, 
fhe neutralizing circuits at Fig. 715-B and C are 
suitable for exciting a push-pull following ampli- 
fier with capacity coupling. 

Inductive coupling is shown at Fig. 717-11 
and transmission line coupling in 717-C. Since 
all these methods have been discussed at length 
in the preceding section, we need not go into 
further detail here. The same advantages and 
disadvantages apply. 

Frequency Multipliers 
The frequency multiplier is the simplest kind 

of ampUfier, since neutralization is not required; 
the tube is simply coupled to the preceding stage 
by one of the methods shown in Fig. 716 and a 
tank circuit tuned to the desired harmonic is 
inserted in its plate circuit. The efficiency of the 
frequency multiplier is always less than that of a 
straight amplifier, and decreases rapidly with 
harmonics higher than the second; for this reason 
it is rarely worth while to operate such an ampli- 
fier on harmonics higher than the second. 

To obtain maximum output and efficiency 
from the doubler it is necessary to use high nega- 
tive grid bias on the tube and excite it with a 
correspondingly high radio-frequency voltage. 
A low-C' tank in the plate circuit is also desirable. 
In general, a tube having a relatively large ampli- 
fication factor is best as a doubler; tubes such as 
the 46 and 59 with Class-B connections, the 841, 
RK-18, 800, 825 and 203-A are most suitable. 
Other types, such as the 10 and 830, will work 
satisfactorily but require higher bias and greater 
excitation voltage than the high-/* tubes. In prac- 
tical work the bias may be supplied by batteries, 
through the voltage drop caused by the flow of d.c. 
grid current through a high-resistance grid leak, 
or from a combination of both. 

The efficiency and output of a doubler can be 
increased by feeding some of the energy in the 

plate circuit back to the grid to cause regenera- 
tion, provided the process is not carried so far 
that the tube breaks into self-oscillation. One of 
the most satisfactory ways of introducing regener- 
ation is by neutralizing the frequency multiplier 
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by one of the methods in which the neutralizing 
voltage is fed from the plate circuit to the grid. 
Circuits A, B and C in Fig. 715 are examples of 
this type of circuit. When the tube is properly 
neutralized it cannot oscillate, yet the feedback 
is sufficient to increase the output and efficiency 
of the doubler to a worth-while extent. 

Push-pull ampUfiers are unsatisfactory as 
doublers because the push-pull connection bal- 
ances out the even harmonics. Push-pull ampli- 
fiers will work quite well as triplers, however. 

A special type of doubler circuit which has 
given good results is shown in Fig. 718. The grids 
are fed in push-pull (excitation 180 degrees out of 
phase) while the plates of the two tubes are con- 
nected in parallel. Thus the output circuit re- 
ceives two pulses for each r.f. cycle at the grids, 
resulting in all second-harmonic output. 

Straight Amplifiers — Operating Considerations 
High power output usually is the first consider- 

ation in the operation of an amplifier in the c.w. 
transmitter. The frequency stabifity of the trans- 
mitter is set by the characteristics of the oscilla- 
tor; the amplifier's job is simply that of stepping 
up to the maximum possible value the power 
delivered to its grid. The power output that can 
be obtained from a given tube is limited by the 
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.safe plate dissipation, the maximum safe plate 
voltage and the maximum permissible plate 
ourrent. Since the power input is limited by the 
tube ratings, it is therefore desirable to obtain 
high efficiency in the plate circuit so that the 
largest possible proportion of the power input 
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FIG. 718 —A CIRCUIT DESIGNED ESPECIALLY FOR 
FREQUENCY DOUBLING 

will be converted to radio-frequency power 
output. 

The efficiency of an amplifier is determined 
largely by the negative grid bias and the peak 
value of the excitation voltage applied to its grid. 
For maximum efficiency the grid bias should be 
at least twice the value required to cut off the 
plate current at the plate voltage used, and the 
excitation voltage must be such that the grid is 
driven positive during part of the excitation 
cycle, causing grid current to flow. Grid bias may 
be supplied by a suitable source of voltage, such 
as "B" batteries or a "B" eliminator (see 
Chapter Ten) or can result from the flow of grid 
current through a grid leak. The L-C ratio in the 
plate tank circuit should be high. 

The problem usually confronting the amateur 
in the design of an oscillator-amplifier transmitter 
is that of providing adequate excitation for a pre- 
determined type of output tube operating on 
a given frequency. In the crystal-controlled 
transmitter, the power output of the crystal 
oscillator is usually five watts or less, and is 
ordinarily on a frequency in the 3500-kc. band. 
It then becomes necessary to decide upon the 
number of amplifier or doubler stages that will be 
necessary to give adequate excitation to the final 
amplifier on the final operating frequency. There 
are so many ways of arriving at the result that it 
is useless to give exact specifications. The tube 
table will be of value in the preliminary esti- 
mates, however. The power output ratings given 
are conservative when the tube is used as a 
straight amplifier; as a doubler, the output will 
usually be less — as a safe estimate, say fifty 
percent of the rated power output, assuming the 
recommended plate voltages and currents are 
applied. Then, by further assuming that the 
power amplification ratio in the tube will be 
approximately ten — that is, the power required 
by the grid will be one-tenth the rated output — 
for straight amplification, and not more than five 
for doubling, it is possible to choose a reasonable 

tube line-up for the complete transmitter. These 
figures are not to be considered exact; a great 
deal depends upon the skill of the operator in 
adjusting the transmitter and upon the fre- 
quency. As a general rule, the efficiency will de- 
crease as the frequency is raised, so that some 
allowance for unexpected losses should be made, 
especially on frequencies higher than 7 mc. 

The specific examples of transmitters now to 
be discussed will illustrate different types of 
designs. They can be duplicated or can be used 
simply as a starting point by the amateur capable 
of working out his own design. The large variety 
of tubes available makes it impossible for us to do 
more than indicate a few possible layouts in this 
chapter. 

A Crystal-Controlled Transmitter 

A simple yet entirely satisfactory crystal- 
controlled set for operation on three bands is 
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FIG. 719 —TYPICAL SCREEN-GRID AMPLIFIER CIRCUIT 
For use wilh filament-type power tubes such as the 865, 860, 

282-A, 850, 254-A and 254-B. Important points to observe in 
the operation of the screen-srid amplifier are that the screen 
by-pass condenser should have low impedance at the operating 
frequency (capacity of at least .002 ^fd. for amateur transmitters) 
and that the output lank circuit LiCi must be isolated from the 
input circuit, either by shielding or by physical spacing great 
enough to prevent feedback. By-pass condensers Ct and C< may 
be the usual values used in power-tube circuits/ .002 ^fd. will be 
sufficient. Any type of input coupling shewn in Fig. 716 may 
be used in place of the capacity coupling indicated. 

For greatest efficiency the screen voltage should not bo greater 
than the value recommended in the tube table for the type of 
tube used. Screen voltage is preferably supplied from a voltage 
divider across the plate supply. 

shown in Fig. 720. It uses inexpensive tubes and 
parts and, when used in conjunction with a power 
supply giving 400 volts, will have a power output 
of approximately 25 watts on the 3.5- and 7-mc. 
bands, and 15 watts on 14 mc. The lower power 
output on the latter band results from the fact 
that in the interests of simplification the final 
stage is used as a doubler on that band. These 
outputs are adequate for practical work in all 
three bands; in addition, the set is well adapted 
to use as a t hree-band exciter for a higher-power 
amplifier. 

The complete circuit diagram of the transmitter 
is given in Fig. 721. As nearly as possible this 
diagram follows the physical layout of the appa- 
ratus. It will be seen by inspection of the diagram 
that the crystal oscillator uses a 47 tube; that a 
46 tube is used as a doubler; and that a pair of 
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46'3 operate in parallel in the final amplifier. 
A double-pole double-throw switch connects the 
amplifier to either the oscillator or the doubler, 
depending upon the frequency to be used. For 
3.5-mc. work the doubler is omitted, the ampli- 
fier being connected directly to the oscillator. 
On 7 and 14 mc., however, the switch connects 
the doubler grid to the oscillator and the doubler 
plate to the amplifier grids, through the coupling 
condensers. It is necessary to change coils only in 
the amplifier plate circuit when changing bands. 

On the horizontal baseboard, the oscillator 
tube with its tuning condenser, Ci, and induc- 
tance, Li, are at the right-hand end. The doubler 
and its tuning condenser and coil are at the left; 
the changeover switch is between these two 
stages. The amplifier is built on a vertical base- 
board which is fastened centrally to the hori- 
zontal board. The coupling condenser Cw can be 
glimpsed beneath the projecting shelf on which 
the amplifier tubes and the neutralizing con- 
denser, Cs, are mounted. The amplifier plate 
by-pass condenser, C9, is mounted flat on the 
vertical board just below the tank tuning con- 
denser, Cr, which projects from the board near 
the top. Condenser C? also holds a bakelite strip 
with five G.R. jacks into which the G.R. pins on 
the coil-mounting strip fit. The jack strip is 
fastened to C7 by small fittings made from brass 
strip, held in place by the condenser terminals. 
Other parts not specifically mentioned above are 
mounted in convenient locations, some under- 
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FIG. 720—A LOW-POWER CRYSTAL-CONTROLLED 
TRANSMITTER FOR OPERATION IN THREE AMATEUR 

BANDS 
The set has three stages; a 47 crystal oscillator, a 46 doubler 

and a pair ol 46'$ in parallel as a final amplifier. 

neath the lower baseboard. All connections in the 
r.f. circuits should preferably be kept short. The 
crystal and its mounting, not visible in the photo- 
graph, arc to the right of the oscillator tube near 
its grid and filament terminals. The filament 
center-tap resistors, R\, Ri and Rt, are mounted 
right at the filament terminals on the sockets of 
their respective tubes. Fahnestock clips fastened 
to the edges of the baseboards serve as terminals 
for the power supply and keying leads. 

Tuning the Crystal Transmitter 
After finishing the construction and checking 

over the wiring carefully to make certain that it 
is exactly as shown in Fig. 721, the first step in 
getting the transmitter on the air is to try out the 
oscillator. A d.c. milliammeter (0-200 scale) 
should be connected in the plate supply lead, 
and the doubler tube should be removed from its 
socket. With a random setting of the tuning 
condenser, Ci, the plate and filament power 
should be applied. The milliammeter should read 
between 30 and 40 milliamperes if the recom- 
mended 250 volts ate used on the plate of the 
oscillator tube. Now turn Ci slowly over its 
whole scale; at one spot the plate current should 
drop suddenly, indicating that the tube is oscil- 
lating. As the condenser is turned farther, the 
plate current will rise again and finally reach the 
steady value which indicates the cessation of 
oscillation. If the crystal is normally active, the 
minimum value of plate current with Ci set for 
oscillation will be between 15 and 20 milli- 
amperes; the lower the plate current, the more 
active the crystal. If the tube does not oscillate, 
the wiring of the oscillator should be checked 
over and the crystal tried out in another set, if 
possible. In this connection, the grid leak re- 
sistor, Rj, must be non-inductive. A wire-wound 
resistor is likely to prevent the oscillator from 
functioning; the best resistors for the purpose are 
the metallized or carbon-rod type. 

When the oscillator is working as described 
above, the doubler tube should be placed in its 
socket and the switch Sw thrown so that the doubler 
grid is connected to the oscillator tank circuit 
(left-hand position in Fig. 721). The milliammeter 
will now read the plate currents of both tubes. 
Condenser Ci should be readjusted for oscilla- 
tion; then the doubler tuning condenser Cj 
should be turned over its scale until the plate 
current takes a noticeable dip, indicating that 
the tank CjLj is tuned to resonance on the second 
harmonic. If desired, separate plate supply leads 
may be brought out from the oscillator and 
doubler so that the milliammeter will read the 
plate current of only one tube at a time; this may 
make interpretation of the meter readings some- 
what more simple. In first tuning the doubler 
stage the amplifier tubes should be out of their 
sockets and the amplifier neutralizing condenser, 
Cs, should be set at about half scale; having these 
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tubes out of their sockets takes the load off the 
doubler and makes the plate current variations 
more pronounced. It is also helpful to have a 
neon lamp handy; one terminal of the lamp 
touched to the plate of either the oscillator or 
doubler will indicate the presence of oscillations 
by its characteristic glow. The strength of the 
oscillations also can be gauged roughly by the 
intensity of the glow. The tuning lamp described 
earlier in the chapter will do the same work. 

Having finished the adjustments described 
above, it is time to neutralize the amplifier. 
Plug in the 7-mc. tank coil at L,, put the tubes in 
their sockets, and readjust C\ and Ci for reso- 
nance; do not as yet apply the amplifier plate 
voltage, however. The'doubler plate current will 
not drop to as low a value as before when the 
amplifier tubes are receiving excitation because 
r.f. power is being taken from the doubler. With 
the neutralizing condenser, Cg, at minimum, 
touch the neon bulb to the stator plates of C?, 
and tum C^ until the bulb glows. This indicates 
that the amplifier plate circuit is tuned to res- 
onance. Now increase the capacity of Cg by 
small steps, readjusting Cg and Cg each time to 
resonance, and watch the neon bulb. As the 
capacity of Cg is increased, the glow will be- 
come dimmer, and finally at one setting the bulb 
will not light even though both Cg and Cj are 
tuned to resonance. If the capacity of Cg is in- 
creased still more, the bulb will glow again. The 
setting of Cg at which the bulb will not light is the 
correct setting for neutralization. When the 
amplifier is properly neutralized Cg can be tuned 
all over its scale without the slightest indication 
of glow in the lamp. Both Cg and Cg should be 
brought to resonance each time a change is made, 
since the setting of Cg will affect the tuning of 
both stages. 

When the neutralizing is completed, sliift the 
milliammeter to the plate supply lead to the 
amplifier, apply the plate voltage and close the 
key or bridge the key terminals. The tank con- 
denser Cg should be set approximately at res- 
onance as found during the neutralizing adjust- 
ment. Now tune Cg slowly about resonance and 
watch the plate current. At exact resonance the 
plate current will dip to a very low value — 10 to 
20 milliamperes — while on either side it should 
rise to 150 or so. Always keep Cg at resonance; 
tuning off on either side is likely to ruin the fila- 
ment emission of the tubes if done more than 
momentarily. After a final re-check of the tuning 
adjustments of Cg, Cg, and Cg, the transmitter is 
all ready to deliver power to the antenna. 

The operation of the set on the 3500-kc. band 
is similar to that just described except that the 
step involving the doubler tuning is omitted. 
The oscillator is coupled directly to the amplifier 
by throwing Sw to the right; the neutralizing 
procedure is exactly as described above. The 
remarks applying to the tuning of Cg on 7 mc. 

apply with equal force to the tuning of Ci on 3.5 
mc. 

For 14-me. work, the oscillator and doubler are 
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FIG*. 721—COMPLETE CIRCUIT DIAGRAM OF THE 
LOW-POWER CRYSTAL TRANSMITTER 

Ci—OicilUior tuning condemer; 140-uw(d. midget con- 
denier, Hammarlund. 

Cj— Doubler tuning condenser; lame at Ci. 
Cj—Oscillator plate blocking condenser; 500-uuFd. mica 

condenser. 
Cj— Doubler plate by-pass condenser; tame as G. 
Cs — Coupling condenser; 100-wJd. mica condenser. 
G — Screen by-pats condenser; .001-Mid. mica condenser. 
G — 150-wifd. variable condenser (Cardwell 405-B). 
Cs— SO-wifd. midget condenser (Hammarlund MC-50-S). 
G— .001-Mid. mica condenser. 
Cm — AO-fufd. mica condenser (tee text). 
Ri, R; — Filament center-tap resistors/ 20 ohms, center tapped. 
Rj— Oscillator grid leak; 5000 ohms, 2 wall. 
R« — Screen dropping resistor; 50,000 ohms, 5 watt. 
Rj — Doubler grid leak; 20,000 ohms, 2 wall. 
Re — 20-ohm center-lapped resistor. 
Rt — 1000 ohms, 2-watl. 
Sw — D.P.D.T. Porcelain-Base Switch, 
RFC — Short-wave choke (National Type 100). 
X — Ullra-high-lrequency choke to be inserted here, 11 necessary 

to prevent parasitic oscillation. A suitable coil can be 
made by winding 15 turns of No. 20 d.c.c. wire on a 
diameter of % Inch. 

Li — Oscillator lank coll; 21 turns of No. 14 enamelled wire on 
2" bakelite lube, spaced to occupy 2 inches. 

L, — Buffer lank ceil; 11 turns same construction at Li but spaced 
to occupy 1 Vs inches. 

Band 
3500 kc, 
7000 ke. 

14,000 kc. 

AMPLIFIER COIL DATA 
 L.  

20 turns tapped at 12lh 
11 turns tapped at 7th 

7 turns tapped at 4th 

Taps are from plate ends of coils. L« turns are spaced to 
make length of 3S00-kc. coll 2". 7000-ke. coll V/i". 14,000- 
ke. coll Vb"- Li spacing between turns equal to approximately 
half the diameter of wire. 
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tuned as before. The 14-inc. tank coil is plugged 
m at Im. Tuning in this case is best done with the 
plate voltage applied to the amplifier. Begin with 
Cg set at minimum capacity and tune Ct for the 
dip in plate current which indicates resonance on 
the 14-mc. harmonic. Then, with the key closed 
and the amplifier plate voltage on, stop the crystal 
from oscillating by detuning Cj and note the 
amplifier plate current. It should be in the vicinity 
of 10 to 15 milliamperes. Now increase Ca in 
small steps, retuning both Ct and Ci for resonance 
each time, until Ct is at about half scale. Again 
stop the crystal from oscillating and again note 
the amplifier plate current. If it is the same as 
during the first test, the capacity of Cg can be 
increased a bit more; in fact, the object of this 
procedure is to use the largest capacity at Cg 
which will still permit the amplifier plate current 
to drop to its original value when the crystal is 
prevented from oscillating. Manipulating Cg in 
this fashion adds regeneration to the amplifier 
and increases its output on 14 me. The adjust- 
ment must be made very carefully, however; the 
slightest increase in amplifier plate current over 
its original value (crystal non-oscillating in both 
cases) indicates that the amplifier is self-oscillat- 
ing. This must not be allowed to occur; self- 
oscillation not only decreases the efficiency of the 
amplifier but also is likely to lead to oil-frequency 
operation. Touching the neon bulb to the stator 
plates of Ct also will give evidence of self-oscilla- 
tion, but the plate current indication is best. 

Output Coupling 

With the adjustments described above com- 
pleted, the transmitter is ready for coupling to 
the antenna. 

No provision has been made in the amplifier 
for variable antenna coupling. The kind of cou- 
pling needed depends upon the type of antenna, 
the feeder length if feeders are used, and the 
method of tuning. Space does not permit specify- 
ing antenna coil sizes and spacings for all of the 
many methods of coupling in use. The speci- 
fications given in Fig. 721 probably will be about 
right for Zepp feeders with series tuning, but the 
right number of turns and the distance between 
the amplifier tank coil and the antenna coil must 
be determined by experiment in each individual 
case. Once found, however, the right-sized coil and 
right degree of coupling is automatically plugged 
in each time the transmitter is shifted to another 
band. If it should be thought more desirable to 
have a permanent antenna coil swung on a hinge 
so coupling can bo varied, such a coil can easily 
be rigged up. It would be comparatively easy, 
also, to put the antenna coil on a piece of tubing 
slightly larger than the plate-coil form and slide 
it over the latter to vary the coupling. 

The antenna coupling and tuning should be 
adjusted so that the antenna current is greatest, 
so long as the plate current is not more than 

about 120 milliamperes. It is a little hard on the 
tubes to load them beyond this, even though a 
higher plate current will result in greater antenna 
current. 

The output coils, Lb, specified in Fig. 721 will 
have approximately the right number of turns if 
the transmitter is to be coupled to a more power- 
ful amplifier by the method shown at Fig. 716-D. 
This is, in fact, the most satisfactory way of 
coupling the set to a following amplifier. In such 
case Li should be wound close to Li — with 
spacing between them of perhaps one-quarter to 
one-half inch. The power output of the trans- 
mitter is ample to excite an amplifier using one of 
the tubes in the "100-watt" classification in the 
tube table. The set can be used equally well, of 
course, to drive one of the 50-watt tubes, or a 
pair of them in push-pull or parallel. 

Other Circuits — The Tri-Tet Oscillator 
While the low-power transmitter just de- 

scribed is representative of usual amateur design 
in the construction of multi-band crystal trans- 
mitters, it must not be thought that other meth- 
ods of achieving similar results are not equally 
satisfactory. The layout of the transmitter 
usually will be dictated by the type of tube to be 
used in the output stage. If the transmitter is 
to have one of the 50-watt tubes, such as the 800, 
825, 830 and RK-18, or even one or two 10's, in 
the output stage, the final amplifier can be ex- 
cited by several low-power tube combinations. 
The most important of recent developments 
along these lines is the combination of a special 
crystal-oscillator circuit and a doubler which 
although not neutralized as in the previous trans- 
mitter, nevertheless is regenerative and therefore 
operates at good efficiency. 

The oscillator combines the features of a triode 
oscillator and high-g tetrode frequency multiplier, 
hence the name "tri tet." As in the electron- 
coupled oscillator, a screen-grid tube is operated 
with its screen as the plate of a triode oscillator ; 
the screen is grounded and the power output is 
taken from the plate circuit. This necessitates 
operating the tube cathode at an r.f. potential 
above ground, which in turn makes the use of a 
tube having an indirectly-heated cathode desira- 
ble. The crystal is connected between the control 
grid and cathode, with the oscillator tank circuit 
between the cathode and the screen. Power is 
taken from the plate circuit in the regular way. 
Of the inexpensive tubes now available, the 59 
is the most suitable type for the tri-tet oscillator, 
although its screen is not a perfect shield between 
the other elements and the plate. As used in the 
oscillator circuit, the screen grid and No. 3 grid 
(the suppressor when the 59 is used as a pentode) 
are connected together to act as a single element. 
The tri-tet oscillator will deliver sufficient power 
at the second harmonic to excite a second low- 
power tube, and will also give fairly good output at 
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the t hird and fourth harmonica. Thus a single tube 
is made to function both as oscillator and fre- 
quency multiplier, eliminating a frequency- 
multiplying stage in the transmitter. 

We shall now describe an exciter unit which will 
furnish excitation for an amplifier of moderate 
power on five amateur bands. It employs only 
two Type 59 tubes: one a tri-tet oscillator and the 
other an amplifier or frequency doubler whose 
regenerative effects result from its tendency to 
act as an ultraudion oscillator at high frequencies. 

A Five-Band Exciter Unit 
The exciter unit is not in itself a complete 

transmitter, being intended for driving a power 
amplifier. The oscillator circuit is arranged so 
that it can be used either with crystal control or 
as an electron-coupled oscillator simply by 
plugging a coil into either of two sockets. Plug-in 
coils are used in three positions; for convenience, 
all the coils are wound on regular receiving-coil 
forms. The complete circuit diagram, showing 
alternative connections when the oscillator 
operates as a self-controlled electron-coupled 
oscillator, is given in Fig. 723. Using the self- 
controlled electron-coupled oscillator gives great 
flexibility in choosing harmonic combinations for 
output on different frequencies, and in addition 
permits operation in different parts of the same 
band at will. The character of the signal with 
electron-coupled control is very nearly as good as 
with crystal control. 

The baseboard on which all the parts are 
mounted measures 7 by 20 inches. The two sock- 
ets at the left edge of the board are for the oscil- 
lator coil. The one toward the front is used for 
crystal control; that at the rear is for e.c. con- 
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FIG. 722 — A BREADBOARD EXCITER UNIT 
Two Type 59 lubei are used lo 9ive crystal or electron-coupled frequency control on five 

bands. This photograph shows the coils in place for 14-rnc. operation with electron-coupled 
control. The grid condenser in the foreground, which plugs into the socket underneath the 
oscillator tuba, has been removed to that the r.f. choke and wiring underneath the platform can 
be teen. 

trol. Immediately to the right of the coil sockets 
is the oscillator tuning condenser, C'i, mounted 
edgewise so that the 2^ by 3H-inch Bakelite 
platform holding the oscillator tube socket can be 
bridged between the stator-plate terminals of 
this and the similarly-mounted plate tuning con- 
denser, C». Suspended below the front edge of the 
platform by small metal angle-brackets is a 
bakelite strip equipped with two G.R. Type 
274-J sockets spaced 54-inch between centers, 
standard spacing for the conventional type of 
plug-in crystal holder. The r.f. choke in the crys- 
tal grid circuit is mounted vertically between the 
baseboard and the platform, held at the base- 
board end by a machine screw which goes through 
to make connection to the grid leak, Ri, under- 
neath. The connections to the oscillator tube 
socket are run directly to the socket terminals 
through small holes in the platform. The filament 
prongs face the rear edge of the board. 

To the right of Cj is the socket for the oscillator 
plate coil, Li. Beside it is the r.f. choke which 
serves as a coupling impedance on the low-fre- 
quency bands. The doubler tube socket (filament 
prongs to the rear) is on the other side, with the 
interstage coupling condenser, Cs, between. The 
doubler plate tuning condenser, C'3, the socket for 
Lj, and the output terminals at the extreme 
right, complete the list of parts on the upper 
surface of the baseboard. 

In the photograph of the under side of the 
baseboard. Fig. 724, the terminal strip at the 
lower left is a piece of bakelite measuring % by 4 
inches; at regular intervals G.R. Type 738-A 
screw terminals have been forced into it. Just 
above the terminal strip is the voltage-divider 
resistor, R\. The other voltage-divider resistor, 

Ri, is mounted somewhat 
to the right; beside it is 
the oscillator grid leak, R\. 
The oscillator screen and 
plate by-pass condensers, 
L\ and Cs, are fastened end- 
to-end to the board by 
means of a wood screw; the 
connection common to the 
two goes to the negative 
" B " while appropriate 
leads from the tube socket 
and Ci drop through the 
hoard to the other termi- 
nals. The doubler cathode 
by-pass condenser, Cy, is 
held in place by one of its 
tapped terminals, which is 
threaded on one of the 
machine screws which holds 
the Li coil socket to the 
board. The doubler cathode 
resistor, Ri, is connected 
directly across the con- 
denser terminals. Above 
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these toward the upper (front) edge of the board 
is the r.f. choke in the doubler grid circuit; it is 
mounted on a pair of miniature stand-offs like 
those used for the output terminals on top. Be- 
tween the cold end of the choke and the ground 
end of C? is the doubler grid leak, Rt. The two 
remaining condensers, one fastened to each 
of the two machine screws which hold the 
doubler tube socket in place, are the doubler 
screen and plate by-pass condensers, C\ 
and Ct. 

The wiring of the oscillator coil sockets 
for crystal and e.c. control is shown in Fig. 
725. Six-prong coil forms and sockets will 
be required for greatest economy of coils; 
four prongs are needed for the oscillator 
windings and ,two more for the output 
windings. Four-prong forms can be used 
throughout if crystal control is to be used 
exclusively. 

When e.c. frequency control is to be used 
it is necessary to replace the crystal by a 
grid condenser. This condenser, which can 
be seen in one of the photographs, is sup- 
plied with a pair of G.R. plugs which fit the crystal 
mounting. This has been done by appropriately 
drilling and tapping small pieces of J^-inch square 
brass rod which are fastened to the condenser 
terminals. 

Coil Requirements 
The number of coils needed will depend upon 

the frequency coverage desired. A maximum of 
eight will be required for complete coverage from 
1.75 to 28 mc. For ordinary operation, i.e., 3.5, 7 
and 14 inc., only four coils need be used with 
crystal control; one additional coil will give the 
same coverage with e.c. control. 

Complete coil specifications are given in Table 
I. Only six coils are indicated; the other two 
needed to finish off the set are duplicates of the B 
and C coils. If coil forms of different diameter are 
to be used, the number of turns should be in- 
creased or decreased accordingly. The oscillator 
coil, Li, always should be high-C for the funda- 
mental frequency of the oscillator. Adjust the 
number of turns so that the desired frequency will 
be obtained with C*i set at at least 75% of maxi- 
mum capacity. The oscillator plate coil, La 
should be low-C for the frequency to which it is 
to be tuned. Proportion it so that the plate tuning 
condenser, 6'-, is very nearly at minimum capacity 
at resonance. This is extremely important on the 
higher frequencies. In practice, it will be found 
that a plate coil properly adjusted will also work 
well in the h position as a high-C coil in the next- 
lower-frequency band. It is also highly important 
to use very low C in the doubler plate coil, L3, and 
coils for this position also should be proportioned 
so that resonance is reached with the condenser 
Cs near minimum capacity. Since 59 tubes of 
different makes have different inter-electrode 

capacities, it may be necessary to add or sub- 
tract a turn or so from the specifications given 
for the higher-frequency coils to obtain resonance 
with ('% or Ci near minimum capacity. 

Table II indicates the way in which the various 
coils are used in operating the exciter unit on dif- 
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FIG. 783 —EXCITER UNIT WIRING DIAGRAM 
Th« alternativt cryital and e.c. control eireuib are rhown at 

separate diagrams, although the choice actually Is made In the 
unit by plugging U into either of two sockets and using a crystal 
or grid condenser as required. Wiring of the sockets Is shown In 
Fig. 783. 
Ci — 350-wfd. variable condenser (Cardwell Midway Type 

407-B). 
Cs— 100-iirdd. variable condenser (Cardwell Type 4t8-B). 
Cs— 50-fisifd. variable condenser (Cardwell Type 410-B). 
C«, Ci— .005-tifd. mica condensers (Dubilier Type 3). 
&— 100-wjfd. mica condenser (Dubilier Type 4). 
Cr— 100-wifd. mica condenser (Dubilier Type 9). 
Ct, C# — .005-/.fd. mica condensers (Dubilier Type 3). 
Cio— SSO-uiifd. mica condenser (Dubilier Type 9). 
Ri, Rr — 50,000-ohm, S-watt resistors (I.R.C.). 
Ri— 1000-ohm, 5-walt wire-wound resistor (I.R.C). 
R, — 10,000-ohm, 10-watt wire-wound resistor (Electrad). 
Rs— 5000-ohm, 10-wall wire-wound resistor (Electrad). 
RFC — Universal-wound high-frequency chokes (National 

Type 100). 

Coil data are given in Tables I and II. All coils ate wound 
on National six-prong receiving coil forms (diameter inches). 

Coil and lube sockets are Isolanlite, made by National. The 
knobs are G.R. Type 637-G. 

The healers of the two lubes are wired In parallel. No center-lap 
resistor is used in the exciter unit Itself; a SO-ohm e.t. resistor 
should be connected across the healer winding at the power 
supply. The center-lap should be connected to —6. 

ferent bands. Since Type 59 tubes are not com- 
pletely screened, oscillation will take place if the 
plate and grid circuits of the same tube are timed 
to the same frequency; such a possibility natu- 
rally must be avoided and for this reason an un- 
tuned coupling arrangement is used on those 
bands where consecutive circuits might logically 
be expected to work on the same frequency. The 
untuned coupling consists of the r.f. choke 
shunted across Cj together with the regular 
coupling condenser and choke in the grid circuit 
of the doubler. It is important to have good 
chokes if the coupling is to work at all well: the 
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small, inexpensive 
satisfactory. 

universal-wound chokes are 

Tuning the Exciter Unit 
The tuning procedure is quite simple. The 

easiest case is that of crystal control on 1.75 or 

r- 
r Q 

K * ra 

iL 

UNIT THE FIG. 7S4 — A SUB-BASE VIEW EXCITER 

3.5 mc. On either hand, using an appropriate crys- 
tal and the coils recommended in Table II, apply 
all voltages except that to the doubler plate. Set 
Cj at minimum capacity and tune Ci until the 
oscillator starts. Oscillation will be indicated by a 
dip in the oscillator plate current (a meter in- 
serted in the plus 300 lead will read the voltage- 
divider and screen currents as well as the oscilla- 
tor plate current, the first two taking between 20 
and 25 ma.) or, if no meter is used, can be de- 
tected by the usual neon bulb or flashlight-lamp- 
loop. Set Ci somewhat on the high-frequency side 
of resonance. Now apply the doubler plate voltage 
and adjust Cj to resonance, which will be in- 
dicated by minimum plate current. The output 
terminals then can be connected to a following 
amplifier, the tuning of which will of course de- 
pend upon its design. 

The procedure is just the same when e.c. con- 
trol is to be used on either of these two bands, 
except that the oscillator coil, Li, is placed in the 
rear socket; Ci must be adjusted so that the 
oscillator operates on the desired frequency. This 
should be done with the aid of a frequency meter. 

To use crystal control on 7 mc., plug in the 
proper coils and apply all voltages except the 
doubler plate voltage. Make sure that the oscilla- 
tor cathode circuit is closed by a jumper connect- 
ing the upper left and lower right prongs of the 
"xtal" socket together. If this is not done the 
oscillator cathode socket will be open. Turn Ci 
down from maximum capacity; near the mini- 
mum-capacity end of the scale oscillations will 
start. Now apply plate voltage to the doubler 
and adjust for minimum plate current, and the 
tuning is complete. 

For 7-mc. e.c. control, set the oscillator to one- 
fourth the desired output frequency, again having 
the doubler plate voltage off. Next, tune Cj for 

resonance at the second harmonic of the oscilla- 
tion frequency; resonance will be indicated by a 
dip in oscillator plate current or by use of the 
neon bulb or lamp-and-loop. Either of the latter 
will affect the tuning, however, so the plate cur- 
rent indication is beat. Now apply the doubler 

plate voltage, adjust Ci for 
minimum plate current 
and, leaving Cjset, readjust. 
Ct for maximum doubler 
output. 

For 14-mc. crystal con- 
trol, the general procedure 
is about the same as that 
just described. The oscil- 
lator condenser, Ci, should 
be set well on the high- 
frequency side of the point 
at which oscillations start; 
Ct should be set for the dip 
in oscillator plate current 
at the second harmonic (a 
3.5-mc. crystal is assumed I; 

and Ct should be set for minimum doubler plate 
current. When this last adjustment is completed, 
both C, and C* should be readjusted for maximum 
doubler output. If e.c. control is to be used, the 
oscillator must be adjusted to a suitable frequency 
in the 3.5-mc. band with the aid of a frequency 
meter and thereafter let alone. The oscillator 
plate and doubler plate circuits are tuned just as 
with cr3'stal control. 

On 28 mc. the tuning is the same as for 14 mc. 
(with a 3.5-mc. crystal) except that the fourth 
harmonic instead of the second is picked off in the 

1 

COIL CONNECTIONS 

EC 

RfC 

XTAL 

The 

OSCILLATOR SOCKET CONNECTIONS 

FIG. 795 —COIL AND SOCKET WIRING 
upper drewing ihows the inlemel wiring of the eoilt. 

looking down Into the eoll form. The wiring of the two ioekeli 
Into which Li mey be plugged for either eryrtel or e.e. control 
li shewn below. 
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oscillator plate circuit. The dips in both oscillator 
and doubler plate current as Cj and C» are varied 
probably will not be as pronounced as on the 
lower frequencies. If a 7-mc. crystal is used the 
second harmonic of the oscillator will be taken o(T 
in the oscillator plate circuit. 

With e.c. control on 28 mc., the oscillator grid 
will be tuned to a frequency between 7 and 7.5 
mc., oscillator plate to the second harmonic, and 
doubler plate to the 28-mc. harmonic. The same 
tuning procedure is used. 

The power output from the doubler, when the 
set is supplied the voltages indicated in Fig. 723, 
is approximately as follows: 1.75 me., 3.5 watts; 
3.5 mc., 3.5 watts; 7 mc., 8 watts; 14 mc., 5 watts. 
These outputs are sufficient to drive at good effi- 
ciency a push-pull amplifier having a pair of 
Type 10 tubes or a single-tube amplifier of the 
type now to be described. 

An Intermediate-Power Amplifier 

The ampUfier shown in Fig. 726 is designed as a 
companion unit to the five-band exciter. A Type 
RK-18 tube is used in a neutralized circuit similar 
to that in Fig. 715-C; the input coupling is of the 
type shown in Fig. 716-D. 

The physical layout follows the circuit diagram, 
Fig. 727, as nearly as possible. The socket into 
which the grid coil plugs is near the left-hand 
edge of the board, with a pair of miniature pqrce- 
lain standoffs alongside to serve as input termi- 
nals. To the right of the coil socket is the grid 
tuning condenser, Ci, mounted edgewise with the 
"bottom" of the condenser facing left. The 
socket for the tube is mounted vertically from 
this condenser by a pair of brackets made from 
pieces of He-incb by ^-inch strip brass, the 
brackets being fastened to the condenser by the 
two screws wliich hold the insulating strip to 
the end frames. This type of mounting keeps the 
r.f. leads short, without at the same time having 
the grid and plate circuits too near each other. 
The plane of the tube filament should be vertical 
so that the filament will not sag and touch the 
grid. The stationary plates of Ci are connected 
to the grid prong on the tube socket; the filament 
leads drop down behind C\ to a pair of midget 

TABLE I 

Coil Tumi Length of 
Winding Tap- Wire Site Output 

Winding** 

A 80 20 No. 28 d.s.e. 10 
B 35 VA" 8 No. 22 d.t.c. 3 
C 15 1" 4 No. 22 d.t.c. 5 
0 10 1" 3 No. 22 d.t.c. 3 
E 7 1" No. 22 d.t.c. 
F 4 w No. 22 d.t.c. 3 

by-pass condensers and thence through the board 
to the terminal strip on the rear lower edge. 

The plate end of the tube is supported by a 
grid clip soldered to a piece of stiff bus wire which 
in turn is mounted firmly on the terminals of one 
set of stator plates of C», the plate tuning con- 
denser. Between Ci and Ct is the neutralizing 
condenser, Ct. One terminal of this condenser 
connects to the second set of stator plates on Cj, 
while the other goes to the stator plates of Ci. 

The plate coil, Lj, and antenna coupUng coil, 
U, rest on the bakelite rods to the right of CV 
These rods are mounted on midget standoffs to 

TABLE II 

CryiUl Control 

Band, Mc. Coll at Coll at Coll at 
Li Li Li 

1.75 B* None A 
3.5 C None B 
7 Jumper B C 

14 C C D 
28 c E E 

D*» E F 

E. C. Otcillalor 

Band, Mc. Coil at 
Li 

Coll at 
Li 

Coll at 
L> 

1.75 B None A 
3.5 C None B 
7 B B C 

14 C C D 
28 D E F 

Coll dlamelM it 1 'A inchat In all caies. 
* Numbar of turns from ground and of coil. 
** Tumt clota-wound. 

• 1.75-me. erytUI. 
*♦ 7-me. cryital. 

give the necessary clearance between the plate 
coils and the baseboard. The antenna tuning 
condensers, C3 and C«, stand vertically at the 
right-hand edge of the board. The mounting 
pillars are underneath, and the machine screws 
holding the condensers in place run through the 
baseboard. 

The grid by-pass condenser, C'g, and the plate 
r.f. choke are fastened to the under side of the 
baseboard in convenient locations. 

Operating the Amplifier 

Complete specifications for five bands are given 
under Fig. 727. Bias may be supplied by a 90-volt 
battery or can come from the voltage drop 
through a grid leak. With 90 volts "C" or a 5000- 
ohm leak the grid current should be between 15 
and 20 milliamperes. A combination of battery 
and leak bias can be used, if desired; in such case 
it is recommended that the leak be 2500 or 5000 
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ohms and that at least 45 volts of battery bias be 
used. 

The amplifier should be neutralized by the 
same method that was employed with the low- 
power crystal transmitter previously described. 
In this case the grid condenser, Ci, replaces the 

only gives twice the power output of a single 
tube, but also has certain advantages on the 
higher frequencies. When two tubes are connected 
in push-pull their interelectrode capacitances are 
connected in series, so that the capacity shunting 
the input and output circuits is reduced. This is 

A 
v- 

FIG. 726 —AN AMPLIFIER OF MODERATE POWER OUTPUT USING AN RK-18 TUBE 
Although built particuUrly to go with the exciter unit. It can be ured with any low-power Irammiffer. 

With adequate excitation — about Rve watts from the driver — an output of 50 watts can be obtained 
at the rated lube input of tOOO volts and 85 milliamperes. 

driver stage tuning condenser. After having been 
neutralized on one band, the amplifier will also 
be neutralized for all the others provided the 
plate coil dimensions are such that resonance is 
reached with Cj between half and full capacity. 
The antenna tuning and coupling are simply 
adjusted for maximum output; the instructions 
given for the low-power transmitter apply equally 
well. 

Push-Pull Amplifiers 
A great many amateurs use amplifiers in which 

two tubes are arranged in push-pull. This not 

RFC 

c. 

fr* C, — ft 
Input C. 

-c FIL ♦C 

FIG. 727—THE CIRCUIT OF THE HIGH-FREQUENCY 
AMPLIFIER 

Ci — 50-ppfd. variable (Cardwell 4t 0-B). 
Ci — Splii-stator condenser, 75 f/ifd. each section (Cardwell 

413-B). 
Cs, Ct — 250-wifd. variables (Cardwell 406-B). 
Ci — 5-iiufd. variable (Cardwell 519). 
&, Cr — .OOS-ufd. mica condensers, 
Cs — .002-i.(d. mica condenser. 
RFC — High-frequency r.f. choke (National Type 100). 

especially important on 14 mc. and higher fre- 
quencies, where tube capacities represent an im- 
portant part of the total capacity shunting the 
tank coils. A second feature of the push-pull 
ampfifier is that fact that in its output circuit the 
even harmonics are cancelled out so that the 
danger of harmonic radiation on some frequency 
outside an amateur band is reduced. 

The push-pull oscillator shown in Fig. 708 

COIL DATA 
Grid Coils 

Li Ls 
28 me. 
14 me. 

7 me. 
3.5 mc. 
1.75 mc. 

4 turns, coll length Vs Inch 
10 
18 
30 
80 

1 
1 " 
1V4 " 
1% " 

2 turns 
3 " 
4 " 
5 " 

10 " 
No. 20 or 22 wire mey be used for the first four colls listed/ 

the 1.75-mc. coll will require No. 28 d.s.e. In each case Li Is 
dose-wound at the bottom of the coll form, tightly coupled to 
Li. Diameter of all colls is 1 Vs inches. 

Plate Colls, Li 
28 mc. 4 turns 3/16-inch copper tubing, Inside diameter V/i 

inches 
14 me. 10 turns 3/16-inch copper tubing, inside diameter V/i 

inches 
7 mc. 24 turns No. 12 wire double-spaced, inside diameter 

2W Inches* 
3.5 mc. 45 turns No. 12 s.c.e. wire, no spacing, l.d. of coll 2% 

inches 
1.75 mc. 68 turns No. 16 d.e.e. wire, no spacing, l.d. of coil 3'/% 

inches 
* No. 12 enamelled wire, double-spaced, will run six turns 

to the inch. 

Specifications for the 3.5- and 1.7S-mc. bands call for plate 
coils of high inductance, since the plate tuning condenser has 
low maximum capacity. For 3.5- and 1.75-me. work it may be 
more convenient to use a plate tank condenser, Ci, of higher 
capacity, which will permit the use of smaller plate colls. 
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illustrates a suitable type of construction 
for a pair of Type 10 tubes. To use this 
unit as an amplifier, it is only necessary 
to add a pair of grid coupling condensers 
such as the condensers shown in Fig. 
716-E; the grid condensers, Ci in Fig. 
709, are the right size for neutralizing and 
are properly connected to do so. A com- 
plete diagram is given in Fig. 728. Aside 
from the addition of the coupling con- 
densers, the only change in the diagram 
Ls the provision for introducing fixed bias. 

A popular type for amplifier for high- 
power consists of a pair of 852 tubes in 
push-pull. Fig. 729 Ls a photograph of a 
typical amplifier of this type; the circuit 
diagram is given in Fig. 730. The wiring 
is practically the same as that of the push- 
pull 10 amplifier; the chief dififerences are 
in the heavier construction and the use 
of apparatus capable of handling the high 
voltage applied to the plates of the 852,s. 
The push-pull 10 amplifier would be suit- 
able for driving this high-power amplifier. 

The push-pull amplifier is neutralized and 
tuned in much the same way as the single-tube 
amplifier. With the plate supply disconnected 
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FIG. 728 —CIRCUIT DIAGRAM OF THE PUSH-PULL OSCIL- 
LATOR OF FIG. 708 ARRANGED TO OPERATE AS A NEU- 

TRALIZED AMPLIFIER 
Only minor changot in lh* wiring need be mede. The phyiicel leyoul 

is unchanged. 

from the amplifier but with the driver running, 
the neutralizing condensers should be set at zero 
and the amplifier plate tank condenser rotated 
until maximum indication is obtained with the 
tuning lamp. At this stage the neutralizing con- 
densers should be adjusted in small steps (both 
of them together) until no indication is "obtained. 
At this time, the amplifier plate tank should be 
retuned carefully and it is probable that the lamp 
will show the presence of r.f. at some slightly 
different setting of the tank condenser. Now the 
neutralizing condensers should be adjusted again 
until the bulb goes out. The idea is to keep ad- 
justing the neutralizing condensers until there is 

FIG. 729 —A TYPICAL EXAMPLE OF THE USE OF 852 TUBES IN 
A PUSH-PULL AMPLIFIER 

Grid chokes and coupling condensers can be seen al ihe right of the 
tubes, supported on a strip of bakalila. The tank and antenna coils are sup- 
ported on large G.R. stand-off insulators — Ihe colls being fitted with Ihe 
large size G.R. plugs. Heavy copper strip furnishes Ihe connection between 
Ihe lank coll and condenser. 

no sign of r.f. at any setting of the plate tank 
condenser. 

More accurate neutralizing can be obtained by 
connecting a small thermo-couplcd galva- 
nometer across a few turns of the amplifier 
plate coil and using it as an indicator of r.f. 
in the tank circuit. The method is the same 
as neutralizing with the lamp. Be sure to 
remove the meter before turning on the 
plate voltage. Otherwise, it is certain to be 
burnt out. 

With neutralization of the amplifier com- 
pleted, the plate voltage can be connected 
to the amplifier and the key closed. With 
the antenna disconnected, the amplifier 
tank circuit should be tuned until the plate 
milliammeter of the amplifier indicates 
minimum plate current. Then the antenna 
should be connected and the feeders or 
antenna circuit tuned to resonance. Adjust 
the coupling and antenna tuning for maxi- 
mum current, not forgetting to make a 
final adjustment to the plate tank con- 
denser to be sure the amplifier is still tuned 

to resonance when the antenna tuning is com- 
pleted. 

Other Oscillator-Amplifier Arrangements 
The reader will appreciate that the oscillator- 

amplifier transmitters which have been described 
in detail represent only a very few of the many 
possible layouts. Endless tube and circuit combi- 
nations — all of them workable and having 
features of value for particular applications — 
could be devised. These could be built around 
self-controlled oscillators, screen-grid or neu- 
tralized amplifiers, arrangements with and with- 
out frequency multipliers, single-ended and push- 
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pull stages — in short, 
transmitter designs are al- 
most as numerous as the 
amateurs using them. There 
are, however, a few fairly 
well-defined factors upon 
which effective transmitter 
designs are based. 

Before deciding upon a 
tube and circuit combi- 
nation a number of things 
should be given careful 
consideration: the output 
power desired, the number 
of amateur bands on which 
the transmitter is to work, 
the relative importance of 
convenient operation (few 
and simple adjustments 
and quick band-changing), 
and economy. Economy 
includes weighing the cost 
of power-supply apparatus 
against tube cost and the 
cost of r.f. circuit compo- 

'"f 

n.n, 

nents. In the medium- 
power field, for instance, it is cheaper to get 100 
watts of r.f. output from a tube like the 203-A, 
211,276-A or 242-A than from the similarly-rated 

FIG. 731 — A THREE-TUBE CRYSTAL-CONTROL TRANSMITTER 
II will optrala in (ha 3.5-, 7- and 14-tnc. bands with a single crystal. The crystal oscillator is 

at the right, followed by the Type 10 buffer-doubler and the 203-A output tube. The variable 
condensers, going from right to left, are the oscillator tank condenser, buffer neutralizing con- 
denser, buffer lank condenser, 203-A neutralizing condenser, 203-A tank condenser, and an- 
tenna tuning condenser. The two neutralizing condensers are mounted on small bakelile panels 
to insulate them from the baseboard. The 203-A tank condenser is mounted on a strip of bakelile 
(or insulation purposes, since both ends are at high r.f. potential. The longer leads In the trans- 
mitter ate one-eighth inch copper tubing, used for the sake of rigidity, while the short leads 
are ordinary bus wire. The coils rest on glass rods. The filament by-pass condensers (or the 
oscillator and doubler are mounted on short vertical pieces of copper tubing directly behind the 
tubes. The plate blocking condensers for the first two stages are located neat the plate terminals 
on the sockets holding the tubes. All other Rxed condensers and all r.f. chokes and bias resistors 
are mounted undemeeth the beseboatd. Binding post strips at the back of the board lumish 
means of connecting to power and bias supplies. 
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FIG. 730 — CIRCUIT OF THE HIGH-POWER PUSH-PULL 
AMPLIFIER 

Li — See coil chart. The coil shown in the illustration is for 7000 kc. It has 
12 turns of ^-inch tuning with 3-ineh inside diameter turns. 

Ls, Ls — Six turns each, 3-inch diameter. 
Ci — Cardwell special type 16-B split-slator condenser, lOOMffd. effective 

capacity, with neutralizing condensers attached. 
Cj, Cj — See above. Cardwell Type 519 condensers would serve as sepa- 

rate neutralizing condensers. The capacity required it approximately 
S-M/rfds. with about V4-ineh spacing between plates. 

Cr, Ct — 1000-MMfd., 5000 volt fixed condensers. 
Cs, Ci — 100-wifd. 5000 volt fixed condensers. 
Cs— 1000-wfd. receiving type fixed condensers. 
RFCi — Four-inch winding of No. 30 wire on a 1-Inch lube. 
RFCt — Three-inch winding of No. 36 wire on 'A-inch wooden or bakelile 

rod. 
RFCs — These are for the suppression of parasitic oteillalions. They may 

not be found necessary. Ten turns of No. 14 wire wound on a pencil 
(the pencil being removed) will bo suitable. 

852 or 800. The first-uamed tubes are less ex- 
pensive, they give full output with a lower- 
voltage power supply, and the r.f. circuit parts 

. need not have the high-voltage ratings 
required with the latter tubes. On the other 
hand, the 852 and 860 are designed espe- 
cially for high-frequency work and ordi- 
narily are capable of better operation than 
the others at 14 mc. and higher. 

As a general rule, the most, economical 
and convenient transmitter design will re- 
sult when the largest possible power step- 
up is obtained in each stage and, conse- 
quently, the number of tubes and circuits 
is reduced to the minimum. With fewer 
stages, also, less trouble is likely to be 
encountered. The transmitter shown in 
Fig. 731, whose circuit diagram appears 
in Fig. 732, illustrates a design in which 
economy and convenient operation are the 
chief features. This three-tube outfit will 
deliver good output on the 3.5-, 7- and 
14-mc. bands, yet it is necessary to change 
only the coil in the final amplifier stage 
for operation in any of the three. The 
simplification is secured by operating the 
203-A final amplifier as a neutralized (re- 
generative) doubler on 14 mc.; while the 
output on this band (about 90 watts) is 
not as great as on the other two, the slight 
sacrifice of output power has been consid- 
ered justifiable in view of the elimination 
of a 14-mc. driver stage and its attendant 
complications in shifting from one band to 
the other. 

This transmitter also illustrates a some- 
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what different circuit arrangement than those 
previously described, although the circuit features 
will be recognized as having been covered in the 
general discussion on amplifiers and neutralizing. 
The plates of the first two tubes are parallel-fed 
to permit the use of series feed in the grid circuits 
of the following tubes. The crystal oscillator, a 
Type 10 tube, obtains its bias from a grid leak, 
Ri, and grid leaks also are used to provide part 
of the bias on the second and third tubes. A 90- 
volt battery should also be used to provide some 
fixed bias to prevent the amplifier tubes from draw- 
ing excessive plate current if the excitation fails. 

The second Type 10 tube in the set is used as a 
straight ampUfier or "buffer ampUfier" on 3500 
kc. or as a 7000-kc. doubler. This is accomplished 
by proportioning the capacity of C« and the in- 
ductance of Ls so that the 7000-kc. hand is cov- 
ered at the low-capacity end of the condenser 
scale and the 3500-kc. band at the other end. This 
tube is neutralized by means of C« and the lower 
portion of L-j. It is neutralized in the regular way 
on 3500 kc. and the setting of the neutralizing 
condenser left untouched when C« is shifted to 
7000 kc. The tap from Lj to the grid of the 203-A 
should be placed so that the second Type 10 
draws normal plate current on the 7000-kc. band 
when the 203-A is receiving excitation. 

The plate circuit of the 203-A amplifier is 
similar to that of the amplifier in the low-power 
crystal transmitter, and the method of neutraliz- 
ing and tuning is also the same. It should be 
neutralized on 14,000 kc. as well as on the other 
two bands, since this improves the efficiency. 
Usually there will be enough second-harmonic 
output from the second Type 10 tube to make it 
possible to neutralize the 203-A by regular meth- 
ods on 14,000 kc. 

The condensers marked Cj shown in dotted 
lines on the plate-supply side of the first two 
tubes are necessary when a voltage divider across 
the 500-volt power supply provides the 250 volts 
for the crystal oscillator. Their purpose is to 
prevent r.f. leakage between stages, which may 
make it impossible to neutralize the second tube. 
They may be omitted if separate power supplies 
are used for all stages. 

Other representative oscillator-amplifier cir- 
cuits are given in Figs. 733 and 734, the former 
for use with self-controlled oscillators and the 
latter for crystal control. They are offered 
chiefly as suggestions; parts of one circuit can be 
combined with parts of another, different os- 
cillator circuits can be substituted for those shown 
for feeding one type of amplifier if the same or a 
similar-power driver tube is retained, or different 
interstage coupling and neutralizing arrange- 
ments can be substituted in the amplifiers, and so 
on. The subject of oscillator-amplifier transmitter 
design is a fascinating one; much valuable ex- 
perience can be gained by trying and comparing 
different circuit arrangements. 

Harmonic Suppression 
Operating a power oscillator or amplifier at 

high efficiency results in a plate output having a 
greatly-distorted wave form; in other words, har- 
monics are present in considerable strength in the 
output. Since the output tank circuit is resonant 
only for the fundamental frequency the har- 
monics are filtered out to a large extent, but 
despite the filtering action of the tuned circuit 
there may be enough harmonic content, in the 
power delivered to the antenna to cause inter- 
ference on the harmonic frequencies. Since har- 
monics often will fall outside the frequency bands 
assigned to amateurs, there is danger of off-fre- 
quency operation as well. The amateur regula- 
tions require that the transmissions shall be as 
free from harmonics as the state of the art per- 
mits. 

The use of an output tank circuit having a 
relatively large capacity-to-inductance ratio 
(high-C) will reduce harmonics. While this is 
quite usual practice in self-controlled transmit- 
ters, the use of low-C tank circuits in oscillator- 
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FIG. 732 —THE THREE-TUBE TRANSMITTER-CIRCUIT 
C. — ,004-/iW. 
C: — .002-Mld. 
Ci— .002-^fd., 5000-voH rating- 
Cr — 
Ca — 250-wfd. variable. 
G — 350-(i/iId. variable. 
C- — 250-wW. variable double-spaced. (The one shown in the 

photograph Is a Cardwell 43-plalo receiving condenser 
with alternate plates removed.) 

Cs — 500-p/ild. variable. 
C» — 13-plate midget. 
Go—50-wifd. double-spaced condenser (Cardwell 4tO-B). 
Li — 21 turns of No, 12 enamelled wire on 2-inch bakelile tube. 
Li —10 turns of No. 12 enamelled wire on 2-inch bakelite tube 

with slight spacing between turns. Neutralixlng coil con- 
sists of 6 additional turns, close-wound, t^-lnch From tank 
coil. 

Li — 3500 kc. — 20 turns of 3/16-ineh copper tubing, 2,A-ineh 
dia. 

7000 kc. — 12 turns of 3/16-ineh copper tubing, 2Vs-lneh 
dia. 

14,000 kc. — 7 turns of 3/16-ineh copper tubing, 21/j-inch 
dia. Spacing between tums approximately equal to half 
the diameter of tubing. 

Li — 11 tums same. 
Ri — 20,000 ohms, 2-watt rating. 
R: — 50,000 ohms, 2-watt rating. 
Rj — 10,000 ohms, S-watt rating. 
RFCi— 3-Inch winding of No. 36 s.s.e. on 'A-lneh form. 
RFCr— 3-lneh winding of No. 32 s.s.e. on 'A-lnch form. 
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amplifier transmitters is general because the 
efficiency is higher with low-C. Nevertheless, 
slightly lower efficiency with high-C is preferable 
to off-frequency operation. Loosening the antenna 
coupling also will reduce harmonic radiation. 

In neutralized amplifier circuits, those neu- 
tralizing schemes in which the tube output is 
connected across a condenser — such as those in 
Fig. 715-C and 715-G — will discriminate against 
harmonics to a greater extent than the systems 
in which the grid and cathode are connected 
across part of a tapped coil, such as 715-B. This is 
because the condenser more effectively short- 
circuits the harmonics than the coil; in other 
words, the condenser impedance at the harmonic 
frequencies is smaller than the coil impedance at 
those same frequencies. 

The push-pull amplifier possesses the character- 
istic of suppressing the even harmonics in its 

output circuit, although odd harmonics will be 
present to the same degree as in single-tube 
amplifiers of equivalent power output. Since the 
second harmonic is the most serious offender, 
however, the use of push-pull will do much to 
eliminate harmonic radiation. Those circuits 
utilizing a grounded-rotor split-stator tuning 
condenser — see Fig. 71o-G — are more effective 
in eliminating harmonics than the type shown in 
715-F. 

Aside from those steps which can be taken to 
reduce harmonics in the plate circuit of the final 
amplifier stage, beneficial results can be secured 
by using certain types of antenna coupling and 
feeder systems. Inductive coupling to the feeder 
is preferable to direct coupling, from the stand- 
point of harmonic elimination. Likewise, the 
coupling coil should be coupled to the tank at a 
point of low r.f. potential — at the filament end in 
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FIG. 733 — SUGGESTED OSCIL- 
LATOR-AMPLIFIER COMBINA- 
TIONS FOR USE WITH SELF- 

CONTROLLED OSCILLATORS 
Then or* by no means the only 

possible arrangements, but are intended 
to show how the circuits and discussion 
already given can be applied to other 
transmitting arrangements than those 
described in detail in this chapter. 

A simple form of self-controlled 
oscillator-amplifier Is shown at A; it 
consists of a 45 Hartley oscillator and 
a neutralized 10 amplifier. The use of 
the electron-coupled oscillator with a 
buffet amplifier is shown at B; C illus- 
trates the use ofthescreengrid amplifier. 
A push-pull circuit is given at D. In all 
these circuits other lubes having equiva- 
lent power rating can be substituted for 
those shown; likewise, the circuits in 
each individual stage can be modified. 
In A, for instance, the l.p.t.g. circuit 
could be used instead of the Hartley; 
the push-pull amplifier of D could be 
coupled to the Hartley oscillator of C. 

Approximate circuit values will be 
as follows: 
Cr — SOO-^fd. variable condenser. 
C: — SSO-Mpfd. variable condenser. 
Cr— 100-(jyfd. fixed mica condenser. 
Ci — .002-ufd. fixed mica condenser. 
C — 50-iijjfd. fixed mica condenser. 
O —100-(j«fd. (both sections In series) 

split-stator condenser. 
Cn — Neutralizing condenser; see Tube 

Table and sactlen on "Neutralizing." 
Ri — SO ohms, center-tapped. 
R; — 50,000 ohms. 
Rj — 5000 ohms. R« —10,000 ohms. 

Tank coil sizes will be found in the 
table of coil specifications. Select a coil 
which will tune to the desired frequency 
in conjunction with the variable con- 
denser specified. In circuib A, C end D, 
both oscillator and amplifier work on 
the same frequency. In B, the grid circuit 
of the e.c. oscillator should be tuned to 
a frequancy in the 3500-kc. or 1750- 
kc. band, the plate circuit to the same 
frequencies or 7000 kc.; the buffet may 
be used as a straight ampliflei or as a 
frequency doubler. 
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output systems which are not balanced with 
respect to ground; at the center of the coil in 
balanced systems — to prevent electrostatic 
coupling between the tank and feeder circuits, 
feeder systems having a current loop at the 
coupling apparatus will discriminate against 
even harmonics; a quarter-wave Zepp feeder is 
an example of this type of feeder system. Di- 
rectly-coupled feeders will do little to prevent the 
radiation of harmonics; the directly-coupled 
single-wire fed antenna is practically as good a 
radiator at harmonics as at the fundamental 
frequency. 

As for the antennas themselves, those systems 
which are center-fed through a low-impedance 

untuned transmission line will discriminate 
against even harmonics; an end-fed antenna or 
one fed through a high-impedance line such as 
the single-wire system and the doublet with 
fanned feeders will not, practically speaking. 
Grounded antennas (Marconi type) and center- 
fed antennas without transmission lines (some- 
times called antenna and counterpoise) also are 
poor radiators of even harmonics. 

To check for harmonic radiation it is necessary 
to enlist the cooperation of another amateur 
station a few miles distant from the transmitter. 
Have the other operator listen for the harmonics 
to check their strength relative to that of .the 
fundamental frequency. If a strong harmonic is 

FIG. 734 — SOME CRYSTAL- 
CONTROL TRANSMITTING 

LAYOUTS 
As with th* ielf-conlroll«d circuits 

of Fig. 733, subititutiom or modili- 
eatiom can be made in any of Ihaie 
circuits. 

The jlmplo crystal oscillator and 
amplifier shown at A Is good for op- 
eration in only one or at the most two 
bands with a single crystal; the am- 
plifier can be used as a doubler for 
operation en the second harmonic of 
the crystal frequency. The arrange- 
ment at B will work on two bands. 
Circuit C illustrates the use of the tri-tet 
oscillator, neutralized buffer or doub- 
ler. and changing from a single-ended 
stage to push-pull. In D the power 
step-up in each stage is greater than 
in the first three circuits; thislransmitter 
could be used with good results on 
three bands. 

Circuit values should be approxi- 
mately as follows; 

Ci — S50-wfd. variable condenser. 
Cr — 1 OO-umM. variable condenser. 
G — 10O-M/rfd. fixed mica eon- 

denser. 
G — .OOS-^fd. or larger fixed mica 

condenser. 
Cs — SO-wifd. fi*ed mica eon- 

denser. 
Cf — 350-wfd. variable condenser. 
G — 10O-Mpfd. (both sections In 

series) splil-slalor condenser. 
C. — Neutralizing condenser; see 

Tube Table and section on 
"Neutralizing." 

Ri — 20 ohms, center-tapped. 
R: —10,000 ohms. 
Ri — 50,000 ohms. 
R< —100,000 ohms. 
R — 5000 ohms. 

Tank coil sizes will be found in the 
table of coll specifications; select a 
coil which will tune to the desired 
frequency In conjunction with the 
variable condenser recommended. 
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detected, steps should be taken to reduce its 
strength. The discussion above should be of 
assistance. 

If it is inconvenient to make major changes to 
the apparatus or antenna and feeder system, 
harmonica often can be brought to satisfactorily- 
low strength by the use of tuned trap circuits. 

One method which has 
proved successful in a num- 
ber of cases is shown in 
Fig. 735. The trap circuits 
are tuned to the frequency 
of the harmonic to be elimi- 
nated; a simple unilateral 
connection is used between 
the trap and the antenna 
or feeder. Best results will 
be secured by listening to 
the harmonic in the monitor 
while the trap condenser is 
slowly varied; the minimum 
point should be quite clearly 
defined. The tuning can be 
checked by having another 
station listen while the trap 
is tuned. A low-C trap seems 
to be most effective. The 
trap will not affect the 
fundamental output of the 
transmitter. 

Parasitic Oscillations 
If the circuit conditions 

in an oscillator or amplifier 
are such that oscillations at 

some frequency other than that desired can and 
do exist, such oscillations are appropriately 
termed "parasitic." The energy required to main- 
tain a parasitic oscillation is wasted so far as use- 
ful output is concerned, hence an oscillator or 
amplifier afflicted with parasitics will have low 
efficiency and frequently will operate erratically. 
In addition, parasitic oscillations in the self- 
controlled oscillator can ruin the frequency sta- 
bility and spoil completely the character of the 
note. 

Parasitic oscillations may be higher or lower 
in frequency than the nominal frequency of the 
oscillator or amplifier. Ix)w-frequency parasitics 
arc relatively uncommon, but occasionally exist 
as the result of unfortunate choice of by-pass 
condenser and r.f. choke values. One way in 
which such a parasitic oscillation can be gener- 
ated is shown in Fig. 736. A driver and neutralized 
amplifier are indicated, but this type of oscilla- 
tion can exist in any circuit having r.f. chokes 
in both the plate and grid circuits. There is al- 
ways some capacity shunting the chokes; if the 
inductances of the chokes and the shunting 
capacities happen to be such that both chokes 
are tuned to approximately the same frequency, 
a tuned-grid tuned-plate type of oscillation may 

be set up. The normal tank circuits will have but 
little effect on the oscillation. If oscillations of 
this type occur they can be avoided, usually, by 
changing the size of the plate by-pass condenser 
or by removing a choke in a series-feed circuit. 
In general, it is better to omit r.f. chokes with 
series feed and depend upon the by-pass condens- 
ers to keep the r.f. currents in the right path. If 
the by-pass condensers are large enough the chokes 
will not be necessary. 

A type of parasitic oscillation peculiar to the 
neutralized amplifier is indicated in Fig. 737. 
It results from the use of a tapped plate tank 
coil for neutralizing and a similar tap on the 
driver tank coil for control of excitation. The 
parasitic circuit, again a t.p.t.g. type of oscilla- 
tion, is through the shaded parts of the tank coils. 
This is a particularly vicious type of parasite; 
it is a persistent oscillator and usually requires a 
change in the design of the transmitter for its 
cure. A neutralizing circuit using a split-stator 
condenser (Fig. 715-C) will cure it; so also will 
discarding the tap on the driver tank, feeding the 
amplifier grid through a smaller coupling con- 
denser connected directly to the plate end of the 
driver tank coil. The latter scheme does not result 
in particularly efficient coupling between driver 
and amplifier, however. A change to inductive 
or transmission-line interstage coupling also will 
be beneficial. 

Fig. 738 shows one way in which ultra-high 
frequency parasitic oscillations can be set up in 
a neutralized amplifier; the same type of oscilla- 
tion could exist in a Hartley oscillator with too- 
long leads. The leads to the tank circuit, if more 
than a few inches long, possess enough inductance 
to tune the shaded circuit in the three- to five- 
meter region; an ultraudion-type oscillation is 
set up. Changing the physical layout to shorten 
the leads should eliminate the parasitic. 

Ultra-high frequency parasitic oscillations 
sometimes occur when tubes are connected in 
parallel because of the length of the leads con- 
necting the grids and plates of the two tubes. 
The same type of oscillation can occur in push- 
pull circuits if the leads from the grids and plates 
of the two tubes to the tank circuits have approxi- 
mately the same length. Such oscillations can be 
eliminated by putting small r.f. chokes in either 
the plate or grid leads, but not in both. The 
chokes can consist of a few turns of fairly heavy 
wire (No. 18 or larger) wound in a coil having a 
diameter of about a quarter inch. 

Other Bands 
In many of the transmitters described earlier 

in this chapter specifications have been given 
only for coils for the 3500-, 7000- and 14,000-kc. 
bands. It is true that the majority of amateurs 
do most of their work in these bands, but there 
is also much activity in the other bands, particu- 
larly that between 1715 and 2000 kc. 
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FIG. 735 —TUNED 
TRAP CIRCUITS OFTEN 
WILL REDUCE OR 
ELIMINATE HAR- 
MONIC RADIATION 
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Specifications for coils for any band can be ob- 
tained from the table on page 112. In this 
table, coils are given for three sizes of tuning 
capacity. The highest capacity will generally be 
used in self-controlled oscillators, the other 
values being suitable for crystal oscillator and 
amplifier tank coils. Considerable tolerance is 
permitted in the specifications as given since the 
coils are designed to hit the various bands with 
the associated condenser set at about 75 per cent 
of its maximum capacity. A study of the table 
will soon enable the amateur to estimate the 
necessary coils for odd turn diameters, odd 
spacing and conductors other than those speci- 
fied. 

Transmilter Assemblies 
As we have already mentioned, it is by no 

means necessary to arrange the apparatus in the 
transmitter in the manner shown in the illus- 
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FIG. 736 —HOW LOW-FREQUENCY PARASITIC OSCIL- 
LATIONS CAN BE GENERATED 

trations. Many other excellent schemes are 
possible. The board on which the apparatus is 
mounted can, for instance, be arranged in a 
vertical position, with the wiring, transformers, 
chokes, etc., behind it and the remaining appara- 
tus in front. Alternatively, the apparatus can be 
mounted chiefly on a baseboard, with the meters 
and controls on a vertical panel in front of it. 
The panel could be of Bakelite or hard-rubber or 
may be made of well-dried wood. The important 
points to watch in arranging the apparatus are 
to make sure that the leads, particularly in the 
tuning circuits, are short; to see that the coils are 
well clear of the condensers or other large metal 
bodies; and to arrange the parts in such a way 
that the controls are convenient and all apparatus 
is accessible. 

Transmitling Apparatus 
The performance of the transmitter will be de- 

pendent to a considerable extent upon the quality 
and suitability of the individual pieces of appa- 
ratus which comprise the whole. The importance 
of using high-grade apparatus can not be over- 
estimated. Insulation is particularly important 
because of the high voltages used in the transmit- 
ter and the heavy radio-frequency currents which 
must be handled. Without any external indication 
there can be radio-frequency leaks through 
the insulation which will make it impossible to 
obtain a clean note from the transmitter; often 
the signal emitted under such conditions is a 
rough hash and no amount of careful tuning will 
improve it. It is therefore a wise plan to use only 
apparatus of reputable manufacture — the equip- 
ment advertised each month in QST can be 
depended upon, since all apparatus advertised is 
inspected and approved by the technical staff of 
the magazine before being permitted to appear in 
its pages. 

The variable condensers for transmitters 
operating from a plate supply of 500 volts or 
less may be of high-grade receiver type. For 
transmitters operating from higher voltages 
than these, special transmitting condensers are 
desirable. They are available in many capacities 
and voltage ratings. 

The fixed condensers in other parts of the set 
also are important. Mica or glass dielectric is 
satisfactory for these, and several types of suit- 
able condensers are available. Receiver-type con- 
densers, providing they are rated at not less 
than 500 volts, can be used in low-power trans- 
mitters but special high-voltage condensers will 
be necessary when higher plate voltages are used. 

Resistors used in radio-frequency circuits 
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FIG. 737 —A HIGH-FREQUENCY PARASITIC CIRCUIT 
RESULTING FROM THE USE OF A TAPPED EXCITATION 

COIL 
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(grid leaks, etc.) always should be non-inductive 
to prevent tuning effects and erratic operation. 
In those crystal oscillator circuits in which the 
grid leak is connected directly from grid to cath- 

(A) 
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+ B -B 
+ C 

I ^ 
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NC 

FIG. 738 —ULTRA-HIGH-FREQUENCY OSCILLATIONS 
CAN BE GENERATED IF THE LEADS FROM THE AM- 
PLIFIER TUBE TO THE TANK CONDENSER ARE TOO 

LONG 

ode, for instance, the circuit probably will not 
operate if the grid leak is of the wire-wound 
type. Non-inductive resistors of the graphite 
rod or metallized filament type can be obtained 
in power-dissipating ratings up to five watts and 
should be used wherever possible. If a resistor of 

higher rating is needed, it should be by-passed by 
a mica condenser and placed in series with an r.f. 
choke whenever there is a possibility that radio- 
frequency current will flow through the resistor. 

The most satisfactory radio-frequency chokes 
are those of the sectional type having several 
small honeycomb-wound coils connected in 
series. These can be obtained quite cheaply in 
the smaller sizes — continuous current-carrying 
capacity up to 100 milliamperes d.c. — and are 
recommended. Similar chokes can also be ob- 
tained for higher power. If chokes are to be 
made at home, a long winding of small diameter is 
to be preferred to windings having the shape of 
receiving or transmitting coils. The smallest wire 
size capable of carrying the required current 
should be used. Satisfactory chokes can be made 
by winding a half-inch diameter form with No. 
30 to 34 wire to a length of three or four inches. 
The best length will depend upon the principal 
frequency at which the choke is to operate, and 
had best be determined experimentally. 

Bibliography 

The transmitters listed below have been 
described at greater length in the following issues 
of QST: 

Push-pull oscillator, Fig. 708: January, 1934, 
QST. 

Low-power crystal transmitter, Fig. 720: Novem- 
ber, 1932, and February, 1933, QST's. 

Five-band exciter unit, Fig. 722: November, 1933, 
QST. 

Single-tube amplifier, Fig. 726: December, 1933, 
QST. 

Three-tube crystal transmitter, Fig. 731: Novem- 
ber, 1931, QST. 

SOME SUGGESTED COIL SPECIFICATIONS 

1750 3500 7000 14,000 28,000 
-Max. condenser capacity — /i/ifds. 500 250 100 500 250 100 500 250 100 250 1C0 250 100 

O.t.. i.d. 1)4" 
H" c.t., i.d. 2" 

c.t., i.d. 2)4" 
H" o.t., i.d. 3" 
X" o.t., i.d. 4" 
)i" c.t., i.d. 6" 

20 — — 
12 20 — 

18 — — 
12 — — 
10 17 — 
7 11 24 

9 17 — 
6 10 22 
5 7 16 
4 6 12 

— — 8 

6 11 
4 7 
3 6 

— 6 

2 4 
— 3 
— 2 

*3/16" c.t., i.d. 1)4" 
3/16" c.t., i.d. 2" 
3/16" c.t., i.d. 2)4" 
3/16" c.t., i.d. 3" 
3/16" c.t., Ld. 4" 

27 — — 
18 32 — 

16 — — 
11 20 — 
9 15 — 

— 10 22 

8 13 — 
5 9 20 
4 6 14 

— — 10 

6 10 
4 7 
3 6 

— 4 

2 4 
— 3 
— 2 

No. 12 wire, spaced 1 1)4" 
No. 12 wire, spaced 1 2" 
No. 12 wire, spaced 1 2)4" 

34 — — 
20 45 — 

16 28 — 
10 10 40 

8 14 29 

6 9 19 
4 7 13 

— 5 10 

4 7 
3 5 
2 4 

— 3 
— 2 
— 2 

No. 14 wire, d.c.c. 1)4" 
No. 14 wire, d.c.c. 2" 
No. 14 wire, d.c.c. 2)4" 

30 53 — 
20 35 75 
16 25 63 

10 17 35 
8 12 24 
7 10 19 

— 7 11 
— 5 9 
— 4 7 

3 6 
2 4 

— 3 

— 2 

* Spacing between turns (not centers) is )4" for these coils. Abbroviutiona — Copper tubing, o.t.; inside diaiu 
■ Spacing between turns, in this case, equals wire diameter. eter, i.d. 










































































































































































































































































